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Incidence and evolution of subependymal and 
intraventricular hemorrhage: A study of infants 
with birth weights less than 1,500 gm 

We have performed brain scanning by computed tomography on 46 consecutive live-born infants whose 

birth weights were less than 1,500 gin; 20 of  them had evidence of  cerebral intraventricular hemorrhage. 

Nine of the 29 infants who survived had 1VH. Four grades of  l V H  were identified Grade I and H 

lesions resolved spontaneously, butthere was prominence of the interhemispheric tissue on CT o f  the 

infants at six months of age. Hydrocephalus developed in infants with Grade 111 and 1V lesions. Seven 

o f  the surviving infants with 1VH did not have clinical evidence of hemorrhage. There were no significant 

differences between the infants with and without I V H  in birth weight, gestational age, one- andtive- 

minute Apgar scores, or the need for resuscitation at birth or for subsequent respiratory assistance. 

Lu-Ann Papile, M.D.,* Jerome Burstein, M.D., Rochelle Burstein, M.D., 

and Herbert Koffler, M.D., A lbuquerque, N. M. 

PRIOR to the availability of computed tomography, 
information on the incidence of cerebral intraventricular 
hemorrhage in the preterm infant was based on autopsy 
investigation.'-4 It is now possible to document the 
presence of intracranial lesions in living infants in a 
noninvasive manner? -8 We have utilized CT to determine 
the incidence, extent, and evolution of IVH in 46 consec- 

utively admitted low-birth-weight infants (less than 1,500 
gm). 

MATERIALS AND METHODS 

All premature infants who weighed less than 1,500 gm 
admitted to the Newborn Intensive Care Unit at the 
university of New Mexico from July 19, 1976, to January 
17, 1977, were entered into the study. Living premature 
infants had a CT brain scan between the third and seventh 
postnatal days. If IVH was present, follow-up CT scans 
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were done at one week, three weeks, and six months after 
the initial scan. If an infant died prior to the third 
postnatal day, a CT scan was done in situ within 24 hours 
of death. Twenty-seven of the 46 infants studied were 
born at outlying hospitals and were transported to our 
unit for acute care. 

See related article, p, 693. 

Abbreviations used 
CT: computed tomography 
IVH: intraventricular hemorrhage 
SEH: subependymal hemorrhage 
CSF: cerebrospinal fluid 

Computed tomography scanning was performed with 
EMI Mark I, 160 x 160 matrix scanner using 8 mm 
collimators. Total time to complete a CT evaluation was 

30 minutes. 
The infants were transferred from the Newborn In ten-  

sive Care Unit to the Department of Radiology in a 
heated transport infant incubator. Heat loss during the 
CT scan was minimized by placement o f  the blanket 
swaddled infant in a clear plastic bag, use of heat lamps, 
and maintenance of the water temperature in the head 
bag. Heart rate was observed with a cardiac monitor. 
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Table I. Clinical data of infants with and without intraventricular hemorrhage 

No intraventricular hemorrhage 

Total 

Intraventricular hemorrhage 

 ea l o a, IOea l 
No. of infants 9 11 20 20 6 26 
Gestational age (wk) 

Mean 31 30 30 31 31 31 
Range 28-35 26-32 26-35 28-35 28-37 28-37 

Birth weight (gm) 
Mean 1,119 1,050 1,117 1,257 1,150 1,184 
Range 964-1,446 5 9 0 - 1 , 4 9 0  5 9 0 - 1 , 4 9 0  8 8 2 - 1 , 4 7 4  8 2 0 - 1 , 5 0 0  820-1,500 

Apgar score at 1 minute 
Mean 3 3 3 4 5 4.5 
Range 1-8 1-8 1-8 1-9 1-9 1-9 

Apgar score at 5 minutes 
Mean 6 5 6 6.5 5 6 
Range 2-9 2-9 2-9 1-9 1-10 1-10 

Resuscitation required 5 7 12 10 3 13 
Mechanical ventilation required 6 9 15 9 3 12 

Initially, the infants were sedated, when needed, with 

5.0 to 7.5 mg/kg of phenobarbital administered intramus- 

cularly 15 minutes prior to the CT scan During the last 

two months of the study, a modification of the scanner's 

head cone eliminated the need for sedation. 

For the purpose of this study, a surviving infant is 

defined as an infant who lived at least 28 days and whose 

death was not related to IVH or its sequelae. Cerebral 

intraventricular hemorrhage refers to subependymal 

germinal matrix hemorrhage, intraventricular hemor- 

rhage, or IVH with parenchymal hemorrhage. An evalua- 

tion of subarachnoid hemorrhage has not been included. 

Gestational age was assessed by the Ballard score, which is 

a modificaiton of the Dubowitz Method. 9 

R E S U L T S  

Incidence. The overall incidence of IVH in the 46 

infants studied was 43% (20/46). Comparative data of 

infants with and without IVH are summarized in Table I. 

There was little difference in gestational age, but the 

mean birth weight was lower in the infants with IVH. 

Although the mean one-minute Apgar score was lower in 

infants with iVH, the mean five-minute score was the 

same in each group. Twelve of the 20 infants with IVH 

were resuscitated at birth with mask or endotracheal 

continuous positive airway pressure, compared to 13 of 

the 26 infants without IVH. In no infant was intravenous 

alkali therapy or epinephrine necessary for resuscitation. 

Respiratory assistance with a mechanical ventilator within 

24 hours of birth was needed by 15 of the 20 infants with 

IVH and by 12 of the 26 infants with no IVH.None  of 

these differences are statistically significant (P > 0.05). 

The case fatality rate of, the infants kvith IVH was 55% 

and fatality rate of the infants with no IVH was 23%. 

Twin gestation. Seven infants who were twin gestations 

were included in this.study. Six of the infants represented 

three twin sets and one infant was the smaller of a twin set 

whose sibling was not included because the birth weight 

was greater than 1,500 gm. In each of the seven twins IVH 

was demonstrated by CTI Although mean birth weight, 

gestational age, one- and five-minute Apgar scores of the 

twins did not differ from the remainder of the infants with 

IVH, most of the twins were resuscitated at birth, and 

each of the seven twins required postnatal mechanical 

ventilation within two hours. 

IVH. Because a range of IVH was identified during this 

study, we have grouped our findings into four separate 

grades in an attempt to describe the varied natural history 

of IVH. 

In nine of the 17 nonsurviving infants postmortem 

investigation of fixed brain specimens was performed in 

the fronto-occipital plane at an angle that closely approx- 

imated the angle of the CT scan. In each instance, the 

postmortem brain sections correlated with the CT find- 

ings. 1~ 

Grade I-subependymal hemorrhage. An isolated SEH 

(Fig. l) was detected in one of the surviving infants and in 

two of the nonsurviving infants. The extent of the lesion 

was diminished on the follow-up CT scan at one week; the 

lesion was not evident on the CT scan at three weeks in 

two of the infants. The third infant died on the second 

postnatal day, and the CT scan was performed postmor- 

tem. Postmortem evaluation demonstrated a SEH in the 

infant who died at two days and a subependymal cyst in 

the infant who died at 26 days. 

Grade II-intraventricular hemorrhage without ventric- 
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Fig. 1. Grade Ihemo/rhage: Bilateral germinal matrix (subep- 
endymal) hemorrhages (arrows) are demonstrated on this scan. 
The hemorrhage has not ruptured into the ventricles. 

Fig. 2. Grade II hemorrhage: In addition to bilateral germinal 
matrix hemorrhage (arrows), there has been intraventricular 
extravasation. Blood is evident in the undilated ventricles (arrow- 
heads). 

uIar dilatation. Two of the non-surviving infants and four 
of the surviving infants had Grade II IVH (Fig. 2). In four 
of these infants SEH was demonstrated. Although the 
IVH was present on the CT scan one week later, it was not 
detected at three weeks in three of  the four surviving 
infants. The fourth infant was returned to the referring 
hospital prior to the three-week evaluation. 

Grade III-intraventricular hemorrhage with ventricular 
dilatation. IVH with ventricular enlargement (Fig. 3) was 
found in three of the surviving infants and in five of the 
nonsurviving ones. The extent of  hemorrhage and of  the 
ventricular dilatation was greater in the nonsurviving 
infants. Serial CT scans in the surviving infants showed 
progressive dilatation of the ventricles. By three weeks, 
the hemorrhage was no longer evident on CT. Each of the 
surviving infants required treatment for progressive 
hydrocephalus. 

Grade IV~intraventricular hemorrhage with paren- 
ehymal hemorrhage. Parenchymal hemorrhage with IVH 
and ventricular enlargement (Fig. 4) was found in one of 

the surviving infants and in two of  the nonsurviving ones. 
The surviving infant had progressive ventricular enlarge- 
ment and a periventricular cyst at the site of the paren- 
chymal hemorrhage on subsequent CT scans. 

Six-month evaluation. Six of the nine infants with IVH 
who survived have had six-month foll0w-up CT scans. 
Five of these infants had prominence of the interhemi- 
spheric fissure (Fig. 5). The other infant had a normal CT 
scan. All of these infants had isolated SEH or IVH With no 
ventricular dilatation (Grades I and II) during the 
neonatal period. The other three surviving infants with 
IVH are not yet six months of age. 

Clinical Detection of intraventricular hemorrhage 
(Table II). A presumptive diagnosis of IVH in prema- 
turely born infants is based On changes in muscular tone 
and activity, the presence o f  seizures, a bulging anterior 
fontanel and/or  vascular hypotension, a greater than 10% 
drop in hematocrit, and the presence of  blood and/or  an 
elevated protein content in the cerebral spinal fluid. (See 
Table II for a summary of these findings in our study 
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Fig. 3. Grade III hemorrhage: This section is cephalad to the 
plane of the germinal matrices. The body of the left lateral 
ventricle (arrow) and body and occipital horn of the right lateral 
ventricle (arrowhead) are filled with blood and are dilated. 

group,) The relevance of a greaier than 10% drop in 
hematocrit was difficult to assess, since the majority of the 
infants had repeated blood sampling for blood gas and 
metabolic determinationsl Only two of the nine surviving 
infants with IVH had neurologic evidence of IVH, 
whereas eight of the 11 nonsurviving infants with IVH 
were thought to have had IVH prior to death. Four of the 
six nonsurviving infants without IVH had premortem 
neurologic evidence suggestive of IVH. Hypotension was 
a common finding in all of the infants who required 
mechanical ventilation. 

Studies of CSF were performed in 24 of the 46 infants 
during the first three days of life. The indications for 

lumbar puncture were suspected sepsis in 23 infants and 
possible IVH in one infant. A CSF protein concentration 
greater than 115 mg/dP '' 1~ was noted in all of the infants 

and an increased number of red blood cells ( >  30 mm~) 1~ 
was found in the CSF of 12 of the 24 infants r ~h e 
incidence of abnormal CSF values was the same in infants 
with and without IVH. 

Table II. Clinical signs possibly related to intraventricular 
hemorrhage 

1 V H  on C T  N o  1 V H  on CT 

Live [ Dead Live ] Dead 

No. of infants 9 11 20 6 
Change in muscular tone 2 8 1 4 

and activity 
Seizures 2 5 0 3 
Full fontanel 1 3 0 0 
Hypotension 2 7 t0 4 

IVH = Intraventricular hemorrhage; CT = computed tomography. 

D I S C U S S I O N  

The subependymal germinal matrix is a richly vascular 
structure which is most pronounced in the fetus of six to 
eight months' gestation. The matrix is the source of 
spongioblasts which participate in the formation of the 
cerebral cortex, basal ganglion, and the other forebrain 
structures. 13 Postmortem investigation of premature 
infants who have died within several days of birth show 
that IVH begins as a hemorrhagic lesion in the germinal 
matrix. 14 The hemorrhage can be isolated or it can rupture 
through the ependymal lining into the ventricular system. 
If the hemorrhage is large it may extend into the paren- 
chymal tissue adjacent to the germinal matrix. 3 Tsiantos et 
al, ~ using chromium 50-labeled red blood cells, demon- 
strated that the majority of the hemorrhages occur within 
the first 72 hours of life. There are numerous theories of 
pathogenesis of SEH, including infarction and thrombosis 
of deep cerebral vessels, TM increased venous pressure, 1~ 
increased subependymal capillary pressure, TM and the 
luxury perfusion phenomenon. 1~ 

at autopsy in o n e \  Intraventricular hemorrhage is found 
third to one-half of infants who weigh less than 1,500 gm 

\ 

at birth. 1' ~~ The present study indicates that the inci- 
dence of IVH in infants of such birth weights who survive 

the neonatal period is much greater than has been 
recognized previously. In previous reports the clinical 
diagnosis of IVH in premature infants was based on 
clinical signs and/or the presence of red blood cells in the 
CSF. 32' -~ Deonna et al, 4 in their discussion of hydroceph- 
alus presumed secondary to IVH, suggest that IVH can be 
a clinically silent event. Conversely, Krishnamoorthy et 
al ~3 were unable to demonstrate IVH with CT in four of 28 
infants who had clinical signs of IVH and blood in the 
CSF. In the present study, 78% of the surviving infants 
with IVH had no clinical evidence of IVH, whereas 20% of 

the infants without IVH had clinical signs suggestive of 
IVH. The analysis of the CSF for protein and red blood 
ceils was not helpful in determining which of the infants 
had IVH. 
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Fig. 4. Grade IV hemorrhage: The hemorrhage in the left 
germinal matrix (not shown) has extended into the parenchyma 
of the left central hemisphere (arrow). 

Fig. 5. The vertical dark area (arrow) represents cerebral spinal 
fluid in a prominent intrahemispheric fissure. The CSF space 
over the frontal convexities (arrowhead) is also prominent. 

Autopsy data indicate that severe hypoxia at birth or 
during the first few days of  life is associated with an 

increased  incidence of IVH in premature infantsY ~ ~-~ 
Although our findings show a higher rate of respiratory 
failure in the infants with IVH than in those without IVH, 
perinatal asphyxia was present in all of  the infants. 

Although the extent of IVH was greater in the nonsur-  
viving infants, each of the four grades of IVH was 
detected among the surviving infants. Each of the 
surviving infants with Grade ! and I1 lesions has a normal  
CT scan at three weeks. The finding of prominence of the 
interhemispheric fissure in 83% of these infants on the CT 
scan at six months may indicate some degree of cerebral 
atrophy. Since CT scanning was not employed in the 
evaluation of all of the infants in neonatal  intensive care 
unit, we can only speculate that this prominence of the 
interhemispheric fissure is the direct consequence of the 
IVH and is  not  related to other factors. Extensive IVH 
(Grades I l l  and IV) was associated with progressive 
dilatation of the ventricular system. By following vef~tric- 
ular size on weekly CT scans in this group, we were able to 

treat the hycrocephalus before extensive ventricular dila- 
tation had occurred. Serial measurements of head circum- 
ference were not helpful in detecting the progressive 

ventricular enlargement. 
With the use of CT, we have demonstrated that the 

incidence o f l V H  in surviving infants whose birth weights 
were less than 1,500 gm is much greater than reported 
previously and that the majority of these hemorrhages are 
clinically silent. In an  attempt to determine if there is an 
association between IVH in the neonatal  period and 
neurologic impairment  in childhood, we are presently 
engaged in a long-term follow-up study of all surviving 

infants with birth weights less than 1,500 gm. 

We thank Ms. Patricia Catdwell, R.T., and Ms. Janet L. 
Padilla, R.T., for technical assistance in performing this study, 
and Ms. Nancy Kamitchis for assistance in preparation of the 
manuscript. 
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