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Neonatal intraeranial hemorrhage 

A clinical and serial computerized tomographic study 
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is Forty-six neonates with intracranial hemorrhage were classified into three groups on the basis of the 
major computerized tomography (CT) scan findings: Group I consisted of 24 cases of subarachnoid 
hemorrhage, Group II 20 cases of intracerebral and/or intraventricular hemorrhage, and Group III two 
cases of subdural hemorrhage. The initial scans in Group I showed blood in the interhemispheric fissure and 
the supratentorial recess. Sixty percent had an associated hypodensity in the frontal and/or parietal areas, 
thought to be an indication of ischemia. Changes in the configuration of the ventricular system were in- 
frequent. Initial scans in Group II showed hematomas as follows: one in the brain stem, five in the basal 
ganglia, 10 in the temporal lobes, and 11 in the ventricles. In 70% of these cases, changes in the configuration 
of the ventricular system were seen, including compression of a lateral ventricle by mass effect, ventricular 
dilatation with blood, and obstructive hydrocephalus. Subarachnoid blood was an associated finding in 55% 
of cases, and focal and diffuse cerebral edema in 40%. Scans in both Group III  patients initially showed a 
mass effect from a subdural clot. In all, 30 patients had one or more follow-up CT scans, and 13 of these 
were scanned at regular intervals. None of the Group I patients developed hydrocephalus, but 85% of Group 
II patients with intraventricular blood extending from an intracerebral hemorrhage had this complication. A 
seizure disorder occurred in 31% of Group I patients and 20% of Group II patients, where it was seen ex- 
clusively in those with an intralobar hematoma. A major motor disturbance occurred in 16% of patients; 
their CT scans showed evidence of brain destruction involving enlargement of a lateral ventricle, 
porencephaly, or focal atrophy. Computerized tomography is a useful adjunct to the diagnosis, manage- 
ment, and follow-up study of neonatal intracranial hemorrhage, and correlates well with the clinical 
findings. 
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I NTRACRANIAL hemorrhage  in the neonatal period 
is a well recognized and frequent occurrence. 
Three patterns are generally described: subarach- 

noid hemorrhage,  intracerebral and intraventricular 
hemorrhage,  and subdural hemorrhage.  ~1,22 Subarach- 
noid hemorrhage (SAH)  is commonly  seen with pre- 
maturi ty and neonatal asphyxia. Bleeding is usual- 
ly venous, and the prognosis is generally good. 21,22 In- 
tracerebral and intraventricular hemorrhage,  also as- 
sociated with prematuri ty,  especially when bleeding 
arises from the germinal  matrix,  may now represent 
the most frequent cause of  death in small preterm 
infants? 8 Subdural  hemorrhage  occurs when a 

t raumatic  delivery causes either a rupture at the junc- 
tion of  the vein of  Galen and the immobile  straight 
sinus, or tearing of  the superior cerebral veins as they 
enter the sagittal sinus. ~ Epidural hemorrhages are 
rarely seen in the newborn. TM The capacity of com- 
puterized tomography  (CT) scans to demonstrate  ex- 
travasated blood in all compar tments  of  the head 
assures its usefulness in the diagnosis and manage- 
ment  of  in t rac ran ia l  h e m o r r h a g e  and its com- 
plications. The object of  this study is to review the CT 
findings in a series of  neonates with intracranial 
hemorrhage,  and to correlate the CT appearance with 
the clinical picture. 

642 J. Neurosurg. / Volume 53 / November, 1980 

Association ATIDE 
Centre de Documentation ARIANE



N e o n a t a l  i n t r a c r a n i a l  h e m o r r h a g e  

FIG. 1. Gestational ages in 45 cases of neonatal intra- 
cranial hemorrhage. IVH = intraventricular hemorrhage. 

FIG. 2. Birth weights in 45 cases of neonatal intracranial 
hemorrhage. IVH = intraventricular hemorrhage. 

Summary of Cases 

General S u m m a r y  

This series includes 31 male and 15 female infants 
with in t rac ran ia l  h e m o r r h a g e  occurring in the 
neonatal period, seen at the Montreal  Children's 
Hospital  between November ,  1977, and September,  
1979. They all had one or more  noninfused CT scans 
of the head using an Ohio Nuclear Delta 50 F.S. 
scanner.* Gestat ional  age ranged from 26 to 43 weeks, 
and birth weight from 870 to 4380 gm (Figs. 1 and 2). 

The initial CT scans were performed only in 
patients admit ted to the intensive care unit with a 
presumptive diagnosis of  intracranial hemorrhage.  
Three groups were recognized on the basis of the ma- 
jor  CT findings (Table 1): Group I: SAH (24 cases); 
Group  II:  i n t r ace reb ra l  a n d / o r  in t ravent r icu lar  
hemorrhage (20 cases); and Group III :  subdural 
hemorrhage (two cases). 

Follow-up scans were obtained as dictated by the 
clinical evolution. Scans were also obtained shortly 
before discharge, except in patients who had a minor 
SAH and a benign course. The patients were seen at 
12 weeks or more  after  discharge (mean, 25 weeks), at 
which t ime a detailed general and neurological ex- 
amination was performed by a neonatol0gist or a 
neurologist. At that  examination,  a follow-up scan 
was obtained in all Group  I I  and I I I  patients, and in 
those Group I patients with a seizure disorder or an 
abnormal  neurological examination.  Thus, 30 patients 

*Ohio-Nuclear Delta 50 F.S. scanner manufactured by 
Ohio-Nuclear, Inc., Solon, Ohio. 

had one or more follow-up scans, 16 at 2 to 4 weeks, 
and 25 at 12 weeks or more (mean, 30 weeks) after the 
initial scan. Thirteen patients had serial scans in both 
these t ime frames. 

Maternal, Gestational, and Neonatal  Factors 

Table 2 summarizes  the factors associated with the 
birth of  these children. Three mothers  developed a 
febrile illness toward the end of  pregnancy; one 
became hypertensive, and another  underwent ap- 
pendectomy 5 days before premature  labor. There 
were four twin pregnancies (two of which resulted in 

TABLE 1 
Distribution of 46 cases of neonatal intracranial hemorrhage 

Group Presentation No. of Total 
No. Cases 

I subarachnoid hemorrhage 
focal 1 I 
diffuse 13 24 

11 intracerebral and/or 
intraventricular hemorrhage 

brain stem 1 
basal ganglia 2 
basal ganglia & 

intraventricular 5 
lobar 6 
lobar & intraventricular 2 
intraventricular without 

intracerebral 4 20 
IlI subdural hemorrhage 2 3 

total 46 
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T A B L E  2 

Factors associated with 46 cases o f  
neonatal intracranial hemorrhage 

G r o u p  G r o u p  G r o u p  Total  
Fac to r  I II II1 

respi ra tory  dis t ress  17 14 2 33 
focal  seizure 4 1 - -  5 
general ized seizure 9 5 - -  14 
low birth weight  8 I0 1 19 
p rema tu r i t y  8 8 - -  16 
breech p resen ta t ion  5 2 - -  7 
caesarean  sect ion 3 3 - -  6 
blood dyscras ia  1 4 - -  5 
birth t r a u m a  2 2 1 5 
twin p r e g n a n c y  - -  2 2 4 
cephalopelvic  d i sp ropo r t i on  2 1 3 
cord a b o u t  the neck 2 - -  - -  2 
t r anspos i t ion  of the  

great  vessels I - -  - -  1 
spinal d y s r a p h i s m  I - -  I 

T A B L E  3 

Distribution o f  preterm infants" and infants o f  low birth 
weight in 20 cases o f  neonatal intracerebral hemorrhage 

ln t raven-  
Low Site of  No. o f  P re te rm tr icular  
Bir th  H e m o r -  H e m o r r h a g e  Cases  Birth Weigh t  rhage  

brain s tem 1 
basal  gangl ia  7 5 5 5 
lobar  8 2 3 2 
ventricle 

wi thout  intra-  
cerebral  b leeding 4 1 2 4 

T A B L E  4 

Clinical findings in 46 cases o f  neonatal 
intracranial hemorrhage 

Clinical G r o u p  G r o u p  G r o u p  Tota l  
F ind ings  1 11 III 

head c i rcumference  
97th percenti le  

at bir th 3 I 1 
increas ing head  

c i rcumference  1 8 
tense fon tane l  2 9 
le thargy 3 5 
irritability 2 1 
hypo ton ia  4 4 
hyper ton ia  4 1 
facial weakness  2 1 
sunset  eyes I 
d imin ished  o r  absen t  

deve lopmenta l  reflexes 8 7 
Apgar  score < 7 at I rain 9 8 
Apga r  score < 8 at 5 mins  8 7 

14 

9 
12 
9 
3 
8 
5 
3 
I 

15 
18 
15 

R. Leblanc and A. M. O'Gorman 

the death of a twin), seven breech presentations, and 
three cases of cephalopelvic disproportion. There were 
five traumatic births and six caesarean sections. 
Thirty-three percent of Group I and 50% of Group II 
patients were of low birth weight (less than 2500 gm or 
below the third percentile for weight) (see Fig. 2). 
Thirty-three percent of Group I and 40% of Group II 
patients were preterm (less than 38 weeks gestation) 
(Table 3). Of all the patients, 70% were in respiratory 
distress. In Group I, this consisted of apneic spells 
often associated with seizures, and did not require ven- 
tilatory support. In Group II, the infant respiratory 
distress syndrome was prevalent and ventilatory sup- 
port was required. Forty percent of patients had a low 
Apgar score (less than 7 at 1 minute and less than 8 at 
5 minutes). 

Physical Findings 
The findings on physical examination are presented 

in Table 4. The common findings were: 1) a head cir- 
cumference greater than the 97th percentile or that 
jumped percentile lines, and a tense fontanel; 2) an 
altered level of consciousness; 3) abnormal muscle 
tone; and 4) diminished or absent developmental 
reflexes. 

Laboratory Results and EEG Findings 

Four Group II and both Group III patients had a 
falling hemoglobin. Seven patients were hypocalcemic 

T A B L E  5 

Findings on initial CT scan in 46 cases 
o f  neonatal intracranial hemorrhage* 

CT G r o u p  G r o u p  G r o u p  Tota l  
F indings  I II l l I  

focal S A H  11 1 1 13 
diffuse S A H  13 10 23 
basal gangl ia  h e m a t o m a  5 5 
occipital h e m a t o m a  5 5 
diffuse in t ra lobar  

h e m a t o m a  3 3 
t emporo-occ ip i ta l  

h e m a t o m a  2 2 
b ra in - s tem h e m a t o m a  1 l 
uni lateral  1VH 6 6 
bilateral  IVH 5 5 
subdura l  h e m a t o m a  3 2 5 
epidural  h e m a t o m a  1 1 
dilated lateral 

ventricle 2 3 5 
hyd rocepha lus  6 6 
compressed  lateral  

ventricle 2 5 2 9 
midl ine shift  5 2 7 
focal hypodens i ty  15 5 20 
diffuse e d e m a  5 3 1 9 
r im o f  edema  2 2 
porencepha ly  2 2 

*CT = compu te r i zed  t o m o g r a p h y ;  IVH = in t raven t r i cu la r  
hemor rhage ;  S A H  = s u b a r a c h n o i d  hemor rhage .  
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N e o n a t a l  i n t r a e r a n i a l  h e m o r r h a g e  

FIG. 3. Plain computerized tomography (CT) scans of a 3130-gm term baby presenting with focal 
seizures and bloody cerebrospinal fluid. Hypodense areas are seen in both frontal lobes (left), and blood is 
demonstrated in the posterior interhemispheric fissure (center). ACT scan 4 weeks later was normal (right), 
as was the clinical examination. 

and six were jaundiced. Hypernatremia was not seen 
in any of the patients. The cerebrospinal fluid (CSF) 
was examined in 32 cases and was bloody or 
xanthochromic in 29, including all the patients who 
subsequently developed hydrocephalus. The CSF pro- 
tein was elevated (greater than 90 mg%; mean, 
382 mg%), and the CSF glucose diminished (less 
than 65 mg%; mean, 54 mg%) in 72% of cases? 2 
Opening pressures were not recorded routinely. 
Electroencephalography showed that 12 patients 
had a nonepileptiform and 26 had an epileptiform 
abnormality. 

Initial C T  Scans  

Each patient underwent a noninfused CT scan of 
the head shortly after diagnosis (Table 5). Thirty 
patients were diagnosed at less than 1 day of age, 13 
between 1 and 7 days of  age, and three from 8 to 28 
days of age. 

Representative scans from Group I patients are 
shown in Figs. 3 and 4. Eleven scans showed focal and 
13 diffuse accumulation of blood in the subarachnoid 
space. Ten scans with diffuse and five with focal SAH 
had areas of  diminished density in the frontal and /o r  

FIG. 4. Case 1, Table 7. Plain computerized tomography (CT) scans of a term baby of low birth weight, 
born by vaginal delivery with a breech presentation. The infant had a generalized seizure, bulging fontanel, 
and bloody cerebrospinal fluid. Markedly hypodense areas are seen in both frontal lobes with blood along 
the tentorium (left), and blood is demonstrated in the posterior interhemispheric fissure (center). ACT scan 
9 months later shows minimal loss of brain substance in the medial surface of the frontal and occipital lobes 
(right). Neurological examination was normal. 
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R. L e b l a n c  a n d  A. M.  O ' G o r m a n  

FIG. 5. Case 9, Table 7. Computerized tomography (CT) scans of a 1260-gm baby with respiratory dis- 
tress syndrome. This infant was born after a 27-week gestation and developed a generalized seizure at age 4 
days. A C T  scan performed at age 7 days shows bilateral basal ganglia and intraventricular hematomas, and 
enlargement of the ventricular system (left). Two weeks later, hydrocephalus is evident (center). A C T  scan 
performed 6 months later (right), after insertion of a ventriculoperitoneal shunt, shows loss of substance of 
the right basal ganglion, loss of brain substance in the parieto-occipital area, and diminished ventricular size. 
Neurological examination failed to reveal any abnormality. 

parietal lobes (leukomalacia).  Four scans with diffuse 
and one with focal S A H  showed diffuse cerebral 
edema. In two fatal cases, diffuse cerebral edema was 
the only initial CT finding associated with a poor 
prognosis. 

Representative scans from Group II  patients are 
shown in Figs. 5-7. Ten intralobar, five basal ganglia, 
one brain-stem, and I1 intraventricular hematomas  
were found on the initial scan (Table 5). Seventy per- 

cent of basal ganglia hemorrhages and 25% of in- 
t ralobar hemorrhages were associated with intraven- 
tricular extension of blood, bilateral in four cases and 
unilateral in three. In four other cases of intraven- 
tricular hemorrhage,  intracerebral  bleeding was not 
discernible. Changes in the configuration of the ven- 
tricular system were a common  associated finding. 
There was diffuse dilatation in seven cases, with 
dilatation of a lateral ventricle in another three; all of 

FIG. 6. Case 7, Table 7. Computerized tomography (CT) scans of a surviving twin born at 30 weeks 
gestation by caesarean section for placenta previa. This patient developed respiratory distress and 
diminished developmental reflexes. At 4 days of age, the head circumference increased and the hemoglobin 
dropped. A CT scan done at that time showed right basal ganglion and bilateral intraventricular hematomas 
(left). Loss of substance of the right basal ganglion and frontotemporal areas was demonstrated 1 month 
later (center). A scan at 6 months of age showed marked brain destruction and enlargement of the right 
lateral ventricle (right). Neurological examination at that time revealed a left spastic hemiparesis. 
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N e o n a t a l  i n t r a e r a n i a l  h e m o r r h a g e  

TABLE 6 
Findings on follow-up CT scan in 30 patients* 

CT 2-4 Weeks 
Findings Group 1 Group 11 Group I11 

_> 12 Weeks 
Group 1 Group lI Group Ill 

no. of cases 5 
normal study 1 
unilateral ventricular enlargement 1 
hydrocephalus 
focal hypodensity 4 
focal atrophy 
increased cerebral mantle 
porencephaly 
widened subarachnoid space l 
residual hematoma 

I0  1 9 14 2 
4 2 1 
2 5 1 

6 

3 7 
3 

1 5 
1 

*CT = computerized tomography. 

these cases were associated with intraventricular 
hemorrhage.  In five cases, the ipsilateral ventricle was 
compressed and there was a shift of  the midline struc- 
tures toward the contralateral  side. In 55% of cases, 
SAH was seen, mainly in association with intraven- 
tricular hemorrhage.  A focal hypodense area was 
demonstrated on 25% of the scans. Subdural hem- 
orrhage was seen in association with birth t rauma or 
with a bleeding disorder. One scan showing diffuse 
S A H  and leukomalacia  failed to show periventriCular 
hemorrhage found later at autopsy. In another 
pat ient ,  who had a C T - d e m o n s t r a t e d  occipital  

FIG. 7. Case 12, Table 7. Computerized tomography 
(CT) scans of a term baby with Factor IX deficiency born by 
caesarean section for breech presentation. The patient 
became lethargic and had a bulging fontanel and increasing 
head size at 4 days of age. A C T  scan demonstrated sub- 
arachnoid, subdural, and intracerebral blood (left). Follow- 
up scan at age 6 months (right) demonstrated marked 
atrophic changes. Neurological examination failed to reveal 
any abnormality, but the patient suffered from a seizure 
disorder. 

hematoma,  a basal ganglia hemorrhage  was found at 
autopsy. 

A subdural hema toma  was demonstrated in both 
Group I I I  cases, in association with compression of 
the ipsilaterai lateral ventricle and a shift of the 
midline structures. One scan demonstrated diffuse 
cerebral edema and another  a focal SAH.  

Findings on Ser ia l  C T  Scans  

Follow-up CT scans were performed in 30 patients 
(Table 6), and serial CT scans in 13 (Table 7). In 
Group I patients, neither the initial nor the follow-up 
scans reflected the development of  a seizure disorder. 
One hemiplegic and one quadriplegic patient had 
evidence of brain destruction, namely, focal atrophy 
and enlargement of  a lateral ventricle. No patient in 
this group developed hydrocephalus.  

In Group II,  85% of patients whose initial CT scans 
showed both in t race rebra l  and in t ravent r icu la r  
hemorrhage  developed hydrocephalus.  All but one of 
these patients had an initial head circumference that  
was greater than the 97th percentile or that jumped 
percentile lines. Fifty percent of  patients with an in- 
t ra lobar  hema toma  developed a seizure disorder. All 
patients with a major  motor  disturbance developed 
CT evidence of brain destruction, that is, enlargement 
of a lateral ventricle in three cases, or a porencephalic 
cyst in two cases (Fig. 6). The areas of  focal a t rophy 
seen in seven cases corresponded to the basal ganglia 
or temporo-occipital  (Fig. 7) regions, and were not 
clinically evident at the t ime of the follow-up scan. In 
three patients with shunts, there was CT evidence of 
an increase in the size of  the cerebral mantle. 

One hemiplegic Group I I I  patient had evidence of 
loss of  brain substance, namely,  enlargement of the 
lateral ventricle on follow-up scanning. The other 
patient suffering f rom a seizure disorder (Case 13, 
Table 7) had a normal  follow-up scan. 
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TABLE 7 

Serial CTscan  f indings and complications in 13 cases o f  neonatal intracranial hemorrhage* 

O ' G o r m a n  

Case Computerized Tomography Findings 
No. Complications 

Initial Scan Scan at 2 Wks Scan at 4 Wks Scan _> 12 Wks 

I diffuse SAH, focal lucency focal lucency focal atrophy 
leukomalacia 

2 diffuse SAH, focal lucency normal 
leukomalacia 

3 foca lSAH,  enlarged lateral enlarged lateral 
enlarged lateral ventricle ventricle, 
ventricle cerebral atrophy 

4 diffuse SAH focal lucency normal 

5 lobar 1CH, resolving hematoma, porencephaly 
midline shift rim of edema 

6 lobar ICH, 1VH postop decrease widened cortical 
in ventricular size mantle 

7 basal ganglia ICH, focal lucency brain destruction, 
IVH enlarged lateral 

ventricle 

8 lobar 1CH, IVH hydrocephalus hydrocephalus 

9 basal ganglia ICH, focal lucency, focal atrophy, 
IV H midline shift, hydrocephalus 

hydrocephalus 

10 basal ganglia ICH, 
IVH, leukomalacia 

11 basal ganglia ICH, 
1VH, hydrocephalus 

12 lobar 1CH, SAH, focal lucency, 
SDH, midline shift enlarged lateral 

ventricle 

focal lucency 

focal lucency, 
enlarged lateral 
ventricle, increased 
cerebral mantle 

seizure disorder 

seizure disorder, 
major motor 
disturbance 

seizure disorder, 
major motor 
disturbance 

hydrocephalus 

major motor 
disturbance 

seizure disorder, 
hydrocephalus 

hydrocephalus 

focal atrophy, arrested 
hydrocephalus hydrocephalus 

focal atrophy, hydrocephalus 
porencephaly, 
hydrocephalus, 
widened inter- 
hemispheric SAS 

focal atrophy, seizure disorder 
enlarged lateral 
ventricle, porencephaly 

13 focal SAH, SDH, focal lucency normal seizure disorder 
midline shift 

*CT = computerized tomography; ICH = intracerebral hemorrhage; IVH ---- intraventricular hemorrhage; SAH = subarachnoid 
hemorrhage; SAS = subarachnoid space; SDH = subdural hemorrhage. 

TABLE 8 Clinical Course 
Clinical status at 12 weeks or more after hemorrhage Table 8 summarizes the clinical status of these 

patients 12 weeks  or more after diagnosis. T w o  Group 
Status Group Group Group Total I ll Ill I patients died of respiratory failure and one of car- 

diac failure 2 years after hemorrhage. Two patients 
no. of cases 22 18 2 42 
normal neurological were lost to follow-up study. The 19 remaining 

examination 17 4 1 22 patients were seen 12 weeks or later after discharge 
seizure disorder 7 4 1 12 (mean, 21 weeks) .  Seventeen patients had a normal 
major motor disturbance 2 4 1 7 neurological examinat ion,  including six of  seven 
hydrocephalus 6 6 patients with a seizure disorder. The seventh patient 
death 3 3 6 with a seizure disorder was also hemiplegic,  and 
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Neona ta l  in t rae ran ia l  h e m o r r h a g e  

TABLE 9 
Factors associated with mortality and morbidity in 17 Group l l  patients 

No. of Low Pre te rm lntraven- 
Outcome Cases Birth Birth tricular 

Weight Hemorrhage 

Intracerebral Hemorrhage 

Basal Lobar 
Ganglia 

death 3 3 1 2 2 
hydrocephalus 6 5 5 6 4 2 
seizure disorder 4 2 2 1 4 
major motor disturbance 4 1 2 1 2 1 

another patient was quadriplegic. None of the 19 
patients seen in follow-up review had clinical or CT 
evidence of hydrocephalus. 

In Group II, 90% of the patients with low birth 
weight and premature birth either died or suffered a 
major neurological sequela. The three deaths occurred 
in infants of low birth weight with a basal ganglia 
and/or intraventricular hemorrhage. Two patients 
were lost to follow-up review. Of the 15 patients seen 
12 weeks or more after discharge (mean, 30 weeks), 
six with intracerebral and intraventricular hemor- 
rhage had hydrocephalus. However, a seizure dis- 
order was seen only in patients who had suffered an in- 
tralobar hemorrhage. Four patients with CT evidence 
of brain destruction had a major motor disturbance. 
Four patients had a normal neurological exami- 
nation, although one of these had a ventriculo- 
peritoneal shunt and another was taking anticonvul- 
sant drugs. Factors associated with morbidity in this 
group are presented in Table 9. 

Discussion 

Despite the recent advances in the management of 
small preterm infants, treatment of neonatal in- 
tracranial hemorrhage remains a problem. 8'~8 Most 
CT studies have been concerned with intraventricular 
hemorrhage. This study also draws attention to 
primary SAH in neonates. 

Primary SAH in infants usually originates from 
fine leptomeningeal vessels or from bridging veins? 6 
Volpe 22 has reviewed its clinical manifestations. The 
bleeding is rarely massive or rapidly fatal. More com- 
monly, the initial presentation is of recurrent apneic 
spells and/or seizures. In these cases, the prognosis is 
said to be good, and the most usual complication is 
hydrocephalus. This, however, was not the case in our 
patients, two of whom had a significant motor distur- 
bance, and seven a seizure disorder; moreover, none 
had developed clinical or CT signs of hydrocephalus at 
least 12 weeks (average, 21 weeks) after discharge. 
The major associated CT finding was hypodensity of 
the frontal and/or parietal areas, thought to represent 
anoxic changes in the white matter. This finding was 
not in itself indicative of a poor prognosis. Diffuse 

cerebral edema was seen in more gravely ill patients, 
two of whom died. Later CT scanning produced a high 
proportion of normal studies, although brain destruc- 
tion was apparent in some cases. We would recom- 
mend the CT scanning of infants presenting with 
apneic spells and/or seizures with xanthochromic or 
bloody CSF. A follow-up CT scan should be obtained 
in neonates with SAH, as some will show evidence of 
focal loss of brain substance. In some cases this will be 
clinically apparent at an early stage, whereas in others 
the clinical manifestations may become evident only 
at a later time as higher neurological functions de- 
velop. Although it was not seen in this series, where 
many of the SAH's were focal, the development of 
hydrocephalus remains a possibility, and patients 
whose head circumference jumps percentile lines 
should undergo CT scanning to rule it out. Diffuse 
widening of the subarachnoid space was seen in one 
normocephalic patient. The occurrence of macro- 
cephaly with widening of the CSF spaces has been 
described recently." On the basis of this study, it 
would seem that clinically significant SAH is not the 
etiology of this condition. 

The occurrence of intraventricular hemorrhage in 
small preterm infants with hyaline-membrane disease 
is well recognized. 5a~ Recent CT studies have 
suggested a higher incidence of neonatal intraven- 
tricular bleeding than previously thought, and some of 
its complications have been reported. ~,',ls The possi- 
ble pathophysiological mechanisms operating in 
neonatal intraventricular bleeding remain controver- 
sial. Hambleton and Wigglesworth' affirmed that 
bleeding originates from the capillary bed supplied by 
Heubner's artery in the region of the germinal layer. 
Wigglesworth 2s has also pointed out that hypertension 
and hypotension may be etiological factors producing 
intracerebral hemorrhage, especially in areas that 
have not yet developed autoregulation of cerebral per- 
fusion. The use of hyperosmolar agents, such as 
sodium bicarbonate, for the treatment of respiratory 
acidosis associated with the infant respiratory distress 
syndrome has been implicated by some as an 
etiological factor in the genesis of intraventricular 
hemorrhage. 2,6a8-2~ This view has been discredited by 
Anderson and co-workers, ~ who found that at their 
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hospital the incidence of intraventricular bleeding in 
preterm babies from 1971 to 1974 was unchanged 
from a comparable period from 1956 to 1959, when 
alkaline buffer treatment was not used? Hambleton 
and Wigglesworth 9 have found that hemorrhage oc- 
curs over the body of the caudate nucleus in infants of 
less than 29 weeks gestational age, and over the head 
of the caudate nucleus in older preterm infants. Our 
data supplement these observations, indicating that 
preterm babies tend to bleed into the region of the 
basal ganglia, in most cases extending into the ven- 
tricular system, while term babies tend to bleed more 
laterally and posteriorly into the temporo-occipital 
areas (Fig. 8). In the latter case, the hemorrhage tends 
to be contained outside the ventricular system, 
distorting it by a mass effect. 

The diagnosis of intraventricular hemorrhage is 
often obvious, especially if the triad of respiratory dis- 
tress, rapidly falling hematocrit ,  and macrocephaly is 
present in a small preterm infant, and we encourage 
the CT scanning of all infants with this presentation. 
Intraventricular hemorrhage is not always clinically 
apparent, however; 3a CT scanning may be advisable 
in preterm infants weighing less than 1500 gm who re- 
quire ventilatory support and who exhibit signs of cen- 
tral nervous system depression, such as diminished or 
absent developmental reflexes, lethargy or hypotonia, 
and/or  signs of intracranial hypertension. Follow-up 
CT scanning would be dictated by the management 
of the complications of intraventricular hemorrhage, 
such as hydrocephalus, seizures, or hemiplegia. 

FIG. 8. Site of intracerebral hematoma in 16 cases of 
intracerebral hemorrhage by gestational age. 

R. L e b l a n c  a n d  A. M. O ' G o r m a n  

This study supports the role of CT scanning 
in the diagnosis and management of intracranial hem- 
orrhage and its complications. It indicates that the CT 
appearance correlates well with the acute and chronic 
clinical states and as such is useful in the study of the 
natural history of neonatal intracranial hemorrhage. 
The predilection of intralobar hematomas for the 
temporo-occipital regions in term neonates is a find- 
ing that has not been previously stressed in the 
literature. 
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