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Abstract A retrospective analysis 
was undertaken in a consecutive 
series of 33 full-term infants (birth 
weight >2500 g and a minimum of 
37 weeks gestational age) with 
symptomatic intracranial hemor- 
rhage (ICH) admitted to a regional 
neonatal intensive care unit from 
January 1986 to December 1992. 
Eleven infants were born in our 
institution; 17 were male. The esti- 
mated local incidence of sympto- 
matic ICH for the inborn population 
was 4.9/10 000 live births, with a re- 
gional incidence of 2.7/10 000 live 
births. Twenty-four (72.3%) infants 
presented with seizures, apnea, or 
respiratory distress. Five (15.1%) 
children developed ICH associated 
with extracorporeal membrane oxy- 
genation, ventriculoperitoneal shunt- 
ing, and cardiac surgery. There were 
two deaths (6.1%) associated with a 
grade IV periventricular hemorrhage 
(PVH) and cardiac surgery. Nine in- 
fants (27.3%) showed PVH, while an 
additional nine children developed 

muttifocal cortical hemorrhages. 
Eight infants (24.2%) showed extra- 
axial ICH, four children (12.1%) 
sustained lobar hemorrhages, and 
three children (9.1%) showed ICH 
associated with prenatal CNS abnor- 
malities. Excluding five children 
with iatrogenic ICH, coagulopathies 
occurred in 9 of 28 infants (32.1%) 
and constituted a major determinant 
of the development of ICH. Neuro- 
surgical intervention was limited to 
one infant with massive ICH and one 
child with hydrocephalus as a late 
sequela of ICH. Developmental fol- 
low-up was complete in 32 children 
with a mean and median duration of 
3.4 years. Full-term infants with ICH 
associated with risk factors for hy- 
poxic-ischemic injury showed a sig- 
nificantly greater risk of develop- 
mental delay compared to infants 
with uncomplicated ICH. 

Key words Intracranial 
hemorrhage �9 Full-term infants 

Introduction 

The clinical characteristics of intracranial hemorrhage 
(ICH) in full-term infants have been described in several 
series or case reports [3, 8, 10, 11, 14, 22, 27, 28, 33, 34, 
39, 45, 52, 53]. For the most part, these investigations em- 
phasized the uncommon occurrence of periventricular 
hemorrhage (PVH) or the association of extra-axial hemat- 
omas with assisted delivery, although sporadic reports in- 

cluded primary cortical or striatal hemorrhages [5, 9, 32, 
38, 42, 49, 51]. With gradual regionalization of newborn 
care, increased use of noninvasive radiographic examina- 
tions suitable for neonates, and changes in obstetrical and 
neonatal therapy, clinical patterns of ICH may change over 
time and affect neurosurgical treatment [3, 18, 26, 28, 34, 
44, 46]. This report will outline the incidence, clinical char- 
acteristics, treatment and long-term outcome in a consec- 
utive series of 33 full-term infants with symptomatic ICH. 
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Materials and methods 

A retrospective chart analysis was undertaken on infants of above 
2500 g weight and 37 weeks gestational age admitted to a regional 
neonatal intensive care unit from January 1986 to December 1992. 
Children with radiographic evidence of ICH were identified and data 
on prenatal and obstetrical histories, age, sex, birth date, clinical pres- 
entation, and hospital course were recorded. Developmental follow- 
up was obtained through outpatient examinations, written reports, 
and a regional developmental follow-up program [18, 19]. 

For descriptive purposes, the children were grouped according to 
the location of ICH as determined by radiographic examinations. 
Risk factors for hypoxic-ischemic injury were identified and includ- 
ed toxemia, maternal hemorrhage, fetal distress, meconium passage, 
Apgar score of less than 7 at 5 min, congenital cardiac anomalies, 
hypoxic-ischemic encephalopathy, and respiratory distress with ven- 
tilatory assistance [18, 23, 40, 54]. The odds ratio for developmen- 
tal delay was calculated for children with both ICH and these risk 
factors compared to children with ICH alone. 

Results 

General characteristics 

Thirty-three full-term infants (17 male) with symptomatic 
ICH were included in the analysis. Eleven infants were 
born in our center. During the period of review, there were 
a total of 14 400 inborn full-term births, giving an inci- 
dence of ICH of 7.6/10 000 live births. However, in 4 of 
the 11 inborn infants the ICH was associated with thera- 
peutic procedures; consequently, the corrected incidence 
of spontaneous symptomatic ICH in this center was 
4.9/10 000 live births. 

The Illinois North Central Perinatal Region, the refer- 
ral base for this center, documented 81 000 live full-term 
births during the period under review [18]. Excluding one 
outborn infant with iatrogenic ICH, 21 infants were admit- 
ted for treatment, giving a corrected regional incidence of 
ICH of 2.7/10 000 live births. 

Of the 22 outborn infants, one developed an iatrogenic 
hemorrhage associated with extracorporeal membrane 
oxygenation (ECMO) therapy. Four of 11 inborn infants 
sustained iatrogenic hemorrhages. Two of these hemor- 
rhages were associated with ECMO therapy, one followed 
ventriculoperitoneal shunting for hydrocephalus, and one 
occurred during cardiac surgery. 

During the period under review, there were 39 full-term 
infants in this regional center who underwent ECMO ther- 
apy; ICH occurred in three (7.7%) children. Two showed 
a grade I PVH; both children (cases 5 and 8) were devel- 
oping normally at 2 and 3 years, respectively. One child 
(case 13) developed multiple cortical hemorrhages and 
showed severe developmental delay at 3 years' follow-up. 
One infant (case 18) undergoing surgery for correction of 
congenital cardiac anomalies developed an extensive cor- 
tical hemorrhage and died 1 day after neurosurgical inter- 
vention. The remaining child (case 15) developed multi- 

ple small cortical hemorrhages following ventriculoperit- 
oneal shunting for hydrocephalus associated with the 
Chiari II malformation. This patient showed mild devel- 
opmental delay at 1-year follow-up. 

Two children (6.1%) died during the period under anal- 
ysis. One child (case 2) sustained a grade IV PVH, and one 
child died soon after surgical intervention. 

Neurosurgical procedures were associated with ICH in 
three (9.1%) children. One child (case 32) required shunt- 
ing following the development of hydrocephalus asso- 
ciated with prenatal CNS abnormalities. This child showed 
severe developmental delay at 3 years' follow-up. One 
child died soon after neurosurgical intervention following 
cardiac surgery, while one child with a Chiari II malfor- 
mation developed multiple cortical hemorrhages follow- 
ing ventriculoperitoneal shunting and showed mild devel- 
opmental delay at 1-year follow-up. 

Nineteen children (57.6%) presented with seizures; 
three of these children developed seizures at 4 or more days 
following birth. Four children (12.1%) presented with ap- 
nea or irritability, while 7 (21.2%) showed hypotonia. One 
child presented with respiratory distress and the remain- 
ing two children with excessive cutaneous bruising. 

Periventricular hemorrhage 

Nine (27.3%) full-term infants developed PVH (Table 1). 
Six children were outborn; four had PVH diagnosed at 6 
or more days after birth. Two underwent ECMO therapy, 
while an additional three children developed respiratory 
distress. Four infants required ventilatory assistance. Two 
children were diagnosed with hypoxic-ischemic encepha- 
lopathy (HIE), while one child showed multiple cardiac 
anomalies. Developmental outcome was related to grade 
of PVH; five children with low-grade PVH showed nor- 
mal development, while four children with high-grade 
PVH showed severe developmental delay or died. 

Intracerebral hemorrhage 

Nine (27.3%) children showed multifocal intracerebral 
hemorrhages (Table 2). Five children were outborn. Four 
children showed disseminated intravascular coagulation 
(DIC), while two children developed ICH associated with 
ECMO therapy or cardiac surgery. The prognosis in this 
group was grim; only one child showed normal develop- 
ment (Fig. 1A), while a second child showed mild devel- 
opmental delay. The remaining children demonstrated se- 
vere developmental delays. 

Extra-axial hemorrhage 

Eight (24.2%) infants showed extra-axial hemorrhages 
(Table 3). Seven underwent assisted deliveries, while three 
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showed coagulopathies. Five children showed normal de- 
velopment, although one of these children demonstrated a 
persistent Erb's palsy. Three children showed severe de- 
velopmental delay. 

Lobar hemorrhage 

Four children (12.1%) developed lobar hemorrhages (Ta- 
ble 4). One child underwent an uneventful assisted deliv- 
ery (Fig. 1B) and another showed DIC. There was no 
location bias and surgery was not required for any child. 
Follow-up angiography or magnetic resonance angiogra- 
phy in three children (not listed) failed to reveal vascular 
abnormalities. No child sustained a second hemorrhage 
and three of four children were developing normally. 

Hemorrhage associated with prenatal CNS abnormalities 

Three children (9.1%) showed ICH associated with prena- 
tal CNS abnormalities (Table 5). Two children developed 
fetal ventriculomegaly diagnosed by ultrasound examina- 
tion; both demonstrated posterior fossa hemorrhages at 
birth (Fig. 1C). One child with thrombocytopenia devel- 
oped hemorrhages into cystic lesions of both temporal 
lobes. This latter child was lost to follow-up, while the for- 
mer two children showed severe developmental delay. 

Coagulopathies 

Excluding five children with ICH associated with thera- 
peutic anticoagulation or surgical intervention, coagulop- 
athies were present in 9 of 28 (32.1%) full-term infants. 
DIC was prevalent in children with multifocal intracere- 
bral hemorrhages, while hemophilia, DIC, or isoimmune 
thrombocytopenia were seen in children with extra-axial 
or lobar ICH or hemorrhages associated with prenatal CNS 
abnormalities. 

Developmental outcome 

Follow-up with a range of 1-6.5 years and a mean and me- 
dian duration of 3.4 years was complete in 32 (96.9%) chil- 
dren. All children identified as having risk factors for hy- 
poxic-ischemic injury showed two or more factors. Ex- 
cluding five children with ICH associated with medical or 
surgical therapy, one child who died soon after a grade IV 
PVH (case 2), and three children with ICH associated with 
prenatal CNS abnormalities, 24 children were evaluable 
for outcome analysis. Eleven children with risk factors 
showed developmental delay, while two children with risk 
factors showed normal development; the latter group in- 
cluded one child with Erb's palsy (case 26). Ten children 
without risk factors showed normal development, while 
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Fig. 1A-C Representative MR scans of several patterns of intra- 
cranial (ICH) in full-term infants. A Spin-echo axial MR image (TR 
680 ms; TE 15 ms) of infant (case 16) taken 4 days after birth. Cor- 
tical hemorrhagic lesion was visualized in the left parietal region. B 
Spin-echo axial MR image (TR 1100 ms; TE 35 ms) of infant (case 
27) taken 2 days after birth, showing a large right frontal lobar hem- 
orrhage. C Spin-echo sagittal MR image (TR 600 ms; TE 15 ms) of 
infant (case 32) taken within 36 h after birth, demonstrating subten- 
torial and cerebellar hemorrhage 

4 (16%) 
lobar (28%) 

eriventricular 

8 (32%) 
extra-axL 

(24%) 
. eripheral 
cortex 

Associated with / Associated with 
a) trauma / a) hypoxic-ischemic injury 
b) coagulopathy b) coagulopathy 

Fig. 2 Locations and clinical factors associated with ICH in 25 full- 
term infants. Data for five children with ICH associated with thera- 
py and three children with ICH associated with prenatal CNS abnor- 
malities were omitted from this figure 

one child without risk factors demonstrated severe devel- 
opmental delay (estimated risk=55; 95% CI=3.3-604.2). 

Discussion 

Epidemiology 

One report estimated the incidence of symptomatic ICH in 
full-term infants in a regional center at 5.9/10 000 live 
births [44]; the present confirmed this calculation with an 
incidence of 4.9/10 000 live inborn births. Although re- 
gionalization for preterm infants was successful, the lower 
regional incidence for full-term infants of 2.9/10 000 live 
births may indicate changes in referral patterns or a lack 
of regional surveillance for outside treatment of infants 
with symptomatic ICH [18]. The lower estimate may also 
reflect the effect of maternal transport to this center. Two 
studies estimated the incidence of asymptomatic ICH in 
full-term infants [22, 29]. In a group of 506 healthy inborn 
infants, 19 (3.8%) showed sonographic evidence of PVH, 
while in a second group of 150 children (45 inborn) 2 of 
33 (6.7%) asymptomatic infants showed ICH following 
computerized tomography. Extrapolation of these data to 
our local population of 14 400 live births suggested that 
547-965 infants sustained an asymptomatic ICH during 
the study period. These numbers seem unreasonably ele- 
vated and additional studies must be undertaken to clarify 
the incidence of asymptomatic ICH in full-term infants. 

Clinical presentation and neuroradiographic evaluation 

The usual clinical presentations associated with ICH in 
these newborns were seizures, apnea, or respiratory dis- 
tress; these signs occurred in 24 (72.3%) children. Focal 
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neurological deficits, pupillary asymmetry, ocular nerve 
palsies, or stuttering deterioration either due to initial in- 
jury or elevations in intracranial pressure were not seen in 
this series [52]. Seven (21.2%) children showed hypoto- 
nia consistent with hypoxic-ischemic injury, while coagu- 
lopathies resulted in excessive bruising in two infants. 

This study was limited to an analysis of ICH and did 
not compare the sensitivity or specificity of various exam- 
inations for early radiographic abnormalities associated 
with perinatal asphyxia [1, 2, 4, 31, 48]. The value of cra- 
nial ultrasound for the diagnosis of PVH in either preterm 
or full-term infants justified its initial use in children with 
clinical signs [18, 22]. If PVH was demonstrated, addi- 
tional radiographic studies were performed at the discre- 
tion of the attending neonatologist. If PVH was not found, 
MRI was usually performed due to its anatomical specific- 
ity as well as ability to allow estimation of the age of the 
hemorrhage [2]. The frequency of subsequent examina- 
tions varied and was not always under the control of the 
investigators. Routine MRI as a predictor for neurodevel- 
opmental outcome was not proven [50], but occasionally 
demonstrated lesions not visualized in the early newborn 
period, which clarified the pathogenesis of the initial in- 
jury (case 3 in [17]). 

Iatrogenic ICH and coagulopathies 

Five (15.1%) of infants sustained ICH associated with 
medical or surgical therapy, particularly when anticoagu- 
lants were administered. While the incidence of ICH asso- 
ciated with ECMO was consistent with that in previous 
reports [7, 30], there was one death and one child with se- 
vere developmental disability as a result of all therapeutic 
interventions. The incidence of iatrogenic hemorrhages 
emphasized the risk of ICH associated with therapy as well 
as the potential alterations in clinical patterns of ICH spe- 
cific for each regional center. The data also demonstrated 
that almost one-third of the remaining children showed co- 
agulopathies. These disorders may be more frequent than 
previously recognized and were significant determinants 
of the development of ICH in our population [42, 52]. 

ICH by location 

Periventricular hemorrhage 

Although previous investigators indicated that PVH in full- 
term infants may originate from regions other than the ger- 
minal matrix, our radiographic data did not support their 
findings [10, 14, 38]. Four hemorrhages, however, oc- 
curred at 5 or more days following birth, which confirmed 
previous reports that these hemorrhages occurred at a later 
age than usually seen in preterm infants [5, 34]. The re- 
mainder of the clinical data in our series indicated that fac- 

tors associated with the occurrence of PVH and outcome 
were similar to those in the preterm population [18]. 

IntracerebraI hemorrhage 

The high incidence of hypoxic-ischemic injury and the ra- 
diographic characteristics of ICH in this group of children 
suggested that these hemorrhages shared a common pa- 
thophysiology with the development of cortical laminar 
necrosis [4, 48]. Consistent with the newborn's extensive 
leptomeningeal vasculature, these multiple hemorrhages 
were usually subpial in location, not always confined to 
watershed zones, with variable intracerebral or subarach- 
noid spread [43]. The MR sequence characteristics, the age 
of the lesions, and the variable presence of mass effect or 
coagulopathy indicated that these hemorrhages may have 
represented hemorrhagic transformations of necrotic le- 
sions in the cortical periphery [1, 5, 38, 48]. The poor out- 
come in most of these children reinforced this possibility. 

Extra-axial hemorrhage 

Two children in this group have been described in a previ- 
ous report [17]. The occurrence of these hemorrhages as- 
sociated with assisted delivery is well known, while the 
presence of coagulopathies in three children demonstrated 
an additional risk for development of ICH [11, 52]. 

Lobar hemorrhage 

Although lobar hemorrhage as a separate clinical entity has 
not been described, tabular or radiographic evidence has 
been shown in 22 children. A review of the clinical and ra- 
diographic data of these children has been reported separ- 
ately [21]. In the present series, no source of emboli was 
seen and sepsis in case 27 was not proven. One child under- 
went an uncomplicated assisted delivery without clinical 
evidence of external injury, while one child showed isoim- 
mune thrombocytopenia. No evidence of a vascular abnor- 
mality was found and no child sustained a second hemor- 
rhage. As in adults with lobar hemorrhages or children with 
multifocal cerebral hemorrhages, the radiographic distinc- 
tion between primary hemorrhage and hemorrhagic trans- 
formation and an ischemic infarct was difficult [36, 37]. 
Surgical decompression was not required and outcome was 
related to the presence of associated risk factors for 
hypoxic-ischemic injury. 

Prenatal CNS abnormalities 

Two of the children with prenatal CNS abnormalities pre- 
sented with sonographic evidence of fetal ventriculome- 
galy. MR scans taken within 36 h after birth showed ten- 
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torial or cerebellar hemorrhages which accounted for the 
ventriculomegaly. Although these hemorrhages may have 
been associated with labor, no clinical evidence suggested 
this possibility; neither child underwent assisted delivery 
or showed external signs of  trauma or laboratory evidence 
of a coagulopathy. Documented cases of fetal ICH are rare, 
but several reports have described cerebellar hemorrhages 
with fetal ventriculomegaly in near-term pregnancies [ 15, 
25]. In the third child, the presence of bilateral temporal 
lobe cysts indicated an in utero abnormality; hemorrhage 
into cysts of the subarachnoid space has been described, 
while the occurrence of isoimmune thrombocytopenia pro- 
vided an additional etiology [24]. 

Other patterns of ICH 

The development of ICH due to vascular abnormalities 
identified by radiography did not occur in our series. "An- 
giographically cryptic" arteriovenous malformations have 
been described following surgery in infants, but without 
identifiable diagnostic patterns, suggesting that the advis- 
ability of surgical treatment should be evaluated on an in- 
dividual basis [16, 35]. Several reports have outlined the 
occurrence of thalamic or striatal hemorrhages in the new- 
born period which have been attributed to primary venous 
infarctions associated with coagulopathies or hypoxic-is- 
chemic injury [42, 49]. This entity was not seen in our study. 

Outcome and neurosurgicai intervention 

The criteria for outcome measures have been outlined in 
previous reports [18, 19]. Fifteen children with severe de- 
velopmental delays showed abnormal findings on motor 
and cognitive scales, while one child with mild develop- 
mental delay gave an abnormal examination on the motor 
scale and a suspect examination on the cognitive scale. Ma- 
jor motor or cognitive deficiencies were not seen in chil- 
dren with normal development, but subtle impairments 
in information processing or attention were not evaluated 
in this study. Several investigations have shown dimin- 
ished cognitive function following minor head injuries, 
and while this disability may develop in these children, 

longer follow-up will be needed for complete analysis 
[6, 41]. 

The risk factors for hypoxic-ischemic injury have been 
defined in several reviews [23, 40, 54]. Not surprisingly, 
all affected children in our series showed two or more fac- 
tors, which emphasized the severity of  their illnesses. De- 
spite reports suggesting that the presence of ICH may ad- 
versely affect development, and the implication that ac- 
cessible hemorrhagic lesions should be removed, our anal- 
ysis indicated that the risk of developmental delay was sig- 
nificantly higher in infants with ICH and these factors than 
in infants with isolated ICH [13, 41, 47]. In this series, no 
child with an accessible, uncomplicated ICH demonstrated 
developmental delay. Surgical decompression was re- 
quired in only one child with a life-threatening elevation 
of intracranial pressure and one child with hydrocephalus 
as a sequela of  ICH [17, 37]. 

Conclusions 

This analysis of 33 full-term infants admitted to a neona- 
tal intensive care unit over a 6-year period demonstrated a 
varied spectrum of ICH. Twenty-two children were out- 
born and five children sustained ICH associated with med- 
ical or surgery therapy. These data demonstrated the ef- 
fects of regionalization on clinical patterns of  ICH which 
were specific to this regional center as well as risks asso- 
ciated with advanced newborn care. Excluding ICH of iat- 
rogenic origin, the occurrence of ICH was determined by 
developmental, vascular, traumatic, or pathophysiologic 
factors unique to the neonatal period (Fig. 2). Neurosurgi- 
cal intervention, however, was required in two children for 
indications similar to those for adult patients. In full-term 
infants with symptomatic ICH, the occurrence of risk fac- 
tors for hypoxic-ischemic injury resulted in significantly 
greater risk of developmental delay. The study underscored 
the need for accurate documentation of these factors in any 
evaluation of long-term developmental changes associated 
with ICH [12, 17, 20]. 
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