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Received: May 26, 2009 Background: Intracranial hemorrhage (ICH) is an uncommon but important cause

Revised: Sep 22, 2009 of morbidity and mortality in term neonates. We conducted a retrospective analy-

Accepted: Oct 5, 2009 sis of the clinical characteristics and developmental outcomes of symptomatic ICH
in term neonates.

KEY WORDS: Methods: A retrospective chart review was conducted of all term neonates (less

than 1 month old) diagnosed with ICH and admitted to the neonatal intensive care
unit of Kaohsiung Chang Gung Hospital from December 1991 to December 2008. Demo-
graphic characteristics, mode of delivery, laboratory data, clinical presentation, and
developmental status were recorded.

Results: Data for 24 term neonates (17 boys and 7 girls) with a diagnosis of ICH were
collected for analysis. The clinical manifestations of ICH included anemia (13/24, 54%),
seizure (11/24, 46%), cyanosis (7/24, 29%), tachypnea (5/24, 21%), fever (1/24,
4%), hypothermia (1/24, 4%), and poor feeding (1/24, 4%). Age at symptom onset
ranged from 2 hours to 11 days following birth. The most common type of ICH was
subdural hemorrhage. All ICHs resolved, except in one infant, who died from hypoxic-
ischemic encephalopathy at 25 days. Ten children with symptomatic ICH were reported to
have normal development, while the remainder (13/23, 57%) showed developmen-
tal delays or disabilities.

Conclusion: Unexplained anemia, seizure, and cyanosis were the major presenting
signs in infants with symptomatic ICH. A diagnosis of ICH should be considered in term
neonates who present with one or more of these signs. Although the mortality in
term infants with symptomatic ICH was low, more than half the cases reviewed here
had subsequent developmental delays or disabilities.
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1. Introduction

Intracranial hemorrhage (ICH) in full-term ne-
onates usually occurs in the vicinity of the tentorium
cerebella and the falx, resulting in posterior fossa
hemorrhage in the dural space. The types of ICH
seen in neonates include subdural hemorrhage (SDH),
subarachnoid hemorrhage (SAH), intraparenchymal
hemorrhage (IPH), and intraventricular hemorrhage
(IVH). IVH is common in preterm infants but is rare
in term neonates." The incidence of symptomatic ICH
in newborns at a regional neonatal intensive care
unit in the United States was reported to be 2.7/10,000
full-term live births.2 ICH is associated with apnea,
bradycardia, seizure, neurologic disability, and mor-
tality.> Several risk factors have been reported to
correlate with ICH in term neonates, including as-
sisted vaginal delivery (forceps and vacuum extrac-
tion), prolonged second stage of labor, precipitous
delivery, maternal parity, fetal weight, and coagu-
lation disorders.*3 A high incidence of ICH has been
reported in association with labors requiring assisted
vaginal delivery or cesarean delivery; however, this
may reflect abnormal labor rather than specific
modes of delivery.® Its incidence is nonetheless con-
sistently increased by the use of vacuum/forceps-
assisted extraction,” which are associated with
higher incidences of SDH and SAH, but not IVH.>°

Early detection of ICH may allow treatment of
hemorrhage (in clotting disorders), prevention of fur-
ther injury (evacuation of subdural hematomas,
placement of shunt for increased pressure), family
counseling, and longitudinal developmental assess-
ment of affected infants. However, the diagnosis of
symptomatic ICH in term neonates may be difficult
because of the variety of clinically nonspecific forms
of presentation.

The objective of this study was therefore to ret-
rospectively review the clinical presentation, hos-
pital course, and developmental outcome of ICH in
term neonates admitted to a neonatal intensive care
unit. We aimed to identify the clinical characteris-
tics specific to ICH in term neonates to allow for its
early diagnosis and prompt treatment.

2. Materials and Methods

We conducted a retrospective chart review of all
term neonates (gestational age >37 weeks at birth)
less than 1 month old diagnosed with ICH and
admitted to the neonatal intensive care unit at
Kaohsiung Chang Gung Hospital between December
1991 and December 2008. Neonates with IVH only
were excluded.

Diagnosis and classification of ICH were based
on the interpretation of cranial ultrasound and

computed tomography (CT) or magnetic resonance
imaging (MRI) studies, and standard radiologic crite-
ria for the determination of ICH were used.® Brain
ultrasonography was performed when patients pre-
sented with symptoms such as seizure, cyanosis, and
tachypnea. If the ultrasound findings were positive
for hemorrhage or suspected hemorrhage, then fur-
ther imaging (CT or MRI) was arranged. CT or MRI was
also performed at the suggestion of the examining
neurologist. The final diagnosis of ICH was made
based on interpretation of the imaging findings by an
experienced radiologist. Ultrasound examinations
were performed within 1 day of the onset of symp-
toms. If the ultrasonographic findings were positive
for ICH, or hemorrhage could not be ruled out, then
further evaluation with CT or MRI was performed.
Thus CT or MRI studies were performed within 1-3
days or 2-8 days of symptom onset, respectively.

Cases with confirmed ICH were routinely eval-
uated by experienced neurosurgeons for clinical
symptoms of increased intracranial pressure. Neu-
rosurgeons also reviewed the radiographic findings.
Radiographic evidence of mass effect or signs of
elevated intracranial pressure may necessitate sur-
gical hematoma evacuation. Surgical intervention
was determined based on the neurosurgeon’s eval-
uation of the clinical and radiographic findings.

Data on demographic characteristics, mode of
delivery, laboratory data, and clinical presentation
of ICH were collected for analysis. Developmental
follow-up was conducted by telephone interview,
written parental responses to questionnaires, and re-
view of the charts from the developmental follow-
up program at our institution.

3. Results

Twenty-four term neonates with ICH were identified
during the study period. Demographic information
on the mothers and infants, delivery information,
clinical features, and outcomes are provided in Table
1. All mothers of infants with ICH received appro-
priate prenatal care. In terms of significant ob-
stetric history, 71% (17/24) of mothers of neonates
with ICH were documented as at least gravida 2.
The neonates with ICH had a mean birth body
weight of 3090.33+519.27¢. None of the neonates
exhibited macrocephaly at birth. Only two of the ne-
onates (cases 10 and 13) were born at Chang Gung
Hospital; all others were transferred to our facility.
Cesarean section was performed for 11 births (46%),
and vacuum extraction was performed for 5 births
(21%), of which only 1 case underwent cesarean sec-
tion (case 16). Prenatal findings included fetal dis-
tress (2), placenta previa (1), abruptio placenta (1),
preeclampsia (1), premature rupture of membranes
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(1), pregnancy-induced hypertension (1), and pro-
tracted labor (2). Gestational diabetes and type 1 di-
abetes were noted in case 13 and case 17, respectively.
In addition, cases in which vacuum-assisted delivery
was performed primarily resulted in SDH, SAH, SDH+
SAH, or any of these in combination with IPH.
Laboratory data for the 24 term neonates with ICH
are presented in Table 2. All neonates had a pH >7.2
at initial arterial blood gas analysis. Thirteen (54%)
had anemia with a hemoglobin level <140g/L. Two
neonates had thrombocytopenia, with platelet counts
of 7.6x10%/L and 1.9x10%/L, respectively. All pa-
tients received intramuscular vitamin K following de-
livery. Prolonged prothrombin time (PT) was observed
in two patients, and all study infants had normal ac-
tivated partial thromboplastin time. Nine infants
had anemia, but without abnormalities in platelet
count, PT, or activated partial thromboplastin time
(i.e., no coagulopathy). Lumbar punctures were per-
formed in six neonates; one of the six was docu-
mented to have a group B Streptococcus infection.
Initial presentation of ICH included seizures in
11 (46%) neonates, cyanosis in 7 (29%), tachypnea in
5 (21%), and fever, hypothermia, and poor feeding

Table 2 Laboratory data for term neonates with
intracranial hemorrhage

Initial  Hb Plt Lumbar
No. “oH @iy 1oty TT APTT uncture
1 7.348 129 37.6  13.6 35.3 -
2 - 128 58.8 10.3 40 -
3 7.275 177 19.4 10.3 34.5 -
4 - 139 7.6 10.4 35.1 -
5 7.302 147 20.6 11.8 41.9 Negative
6 7.308 124 25.7 - - Negative
7 7.466 124 33.2 10 38.9 -
8 7.402 98 13 10 32.7 Negative
9 7.247 166 15.6  13.8 36.8 -
10 7.304 138 246 11.8 31.5 -
11 7.216 117 10.3  18.7 39 -
12 7.367 101 13.7 9.3 23.7 -
13 - 189 15.9 10.9 34.1 -
14 7.450 164 27.8 8.9 25.9 Negative
15 7.241 158 1.9 28.1 60.8 -
16 7.359 135 15.6 - - -
17 7.420 151 17.6 10 29.5 Negative
18 7.429 142 19.4 - - GBS
19 7.359 169 27.2 14.2 51.9 -
20 7.356 120 47.7 9.9 37.7 -
21 7.425 78 17.4  11.3 62.8 Bloody

22 7.385 129 39.3 9.1 32.4 -
23 7.359 196 16.1 13.1 62.1 =
24 7.547 158 21.0 = = =

Hb=hemoglobin; Plt=platelets; PT=prothrombin time;
APTT=activated partial thromboplastin time; GBS=group B
streptococcus. Dashes indicate missing data.

(4%) in 1 each. Postnatal age at symptom onset
ranged from 2 hours to 11 days. The types of ICH in-
cluded SDH (15/24, 63%), IPH (10/24, 42%), SAH (5/
24, 21%), and IVH (2/24, 8%). ICH often involved mul-
tiple compartments (9/24, 38%), which manifested
frequently as SDH, IPH or SAH. Five of the 24 ne-
onates required surgical intervention for ICH: two
underwent ventriculoperitoneal shunting for hydro-
cephalus, and three underwent surgical evacuation of
subdural hematomas. One infant died (case 3) from
hypoxic-ischemic encephalopathy at 25 days old.
Infants with ICH had mean Apgar scores of 7+2
and 9+1 at 1 minute and 5 minutes, respectively.
There were four infants with low 1-minute Apgar
scores; all required resuscitation. Developmental
follow-up (range, 0.3-17.3 years) revealed that 10
of the 23 (43%) surviving infants were considered
developmentally normal, while 13 (57%) had mild-
to-severe developmental delays, including spastic
quadriplegia (1), hemiplegia (1), mixed developmen-
tal delay (5), moderate mental retardation (2), mild
motor developmental delay (2), psychomotor devel-
opmental delay (1) and mild hypotonia (1).

4. Discussion

ICH is a heterogeneous disorder with nonspecific
clinical presentations, and varying etiologies and
neurological outcomes. The incidence of SAH or SDH
in symptomatic term neonates is associated with
forceps and vacuum-assisted delivery.4>? Vertical
molding, mechanical compression, and shearing and
tearing of the falx and tentorium or bridging corti-
cal veins secondary to difficult delivery or abnormal
labor putatively contribute to the development of
SDH, as even small amounts of blood in the posterior
fossa may contribute to hydrocephalus or neurologi-
cal deficits.'%"2 Infants born via assisted vaginal de-
livery are at particular risk for ICH, because prolonged
mechanical compression during forceps delivery,
and cup detachments or “pop-offs” during vacuum
delivery, may result in rapid recompression and in-
juries to the scalp and associated blood vessels. '3
Such sudden changes in cerebral blood pressure, cou-
pled with perinatal asphyxia induced by abruptio pla-
centae, contribute to the rupture of the premature
capillary-venous junction of the germinal matrix.
Of the 24 ICH cases in the present study, nine
(37.5%) of the neonates with symptomatic ICH were
delivered spontaneously. This suggests that factors
other than mode of delivery are involved in the de-
velopment of ICH. Looney et al'4 recently demon-
strated that asymptomatic ICH in term neonates was
significantly associated with vaginal delivery, with
a prevalence of 26% in vaginal births. Another re-
cent study' identified SDH in 46% of asymptomatic
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term neonates, including those delivered both vag-
inally and by cesarean section. The study showed
resolution of SDH within 4 weeks, with no neurologic
sequelae. These result suggest that mode of delivery
may not be the most important risk factor for ICH,
and that other issues during the perinatal period may
also be important risk factors.®' Stressors, includ-
ing maternal hypertension, as seen in case 11, and
placenta previa and abruptio placenta, as seen in
cases 5 and 9, respectively, may contribute to pre-
natal brain injury, prompting physicians to identify
high-risk pregnancies and potentially difficult labors
and deliveries promptly.

Clinical presentations of ICH in neonates are
nonspecific. Any presentation of the core neuro-
logic symptoms (e.g., seizure, fever, reduced con-
sciousness, generalized hypotonia and increased
intracranial pressure) may be indicative of ICH.
Hanigan et al? reported that the most common pre-
senting symptoms in term infants with ICH were sei-
zures, respiratory distress, and apnea within 2 days
of birth (in 24 of 33 infants, 72%); these findings were
consistent with those of the current study. It should
be noted that apnea without tonic eye deviation may
often be overlooked as a manifestation of neonatal
seizure, as opposed to an episode of neonatal seizure
manifesting as apnea.

A low Apgar score can also be a marker of hypoxic-
ischemic and/or hemorrhagic injury. Takahashi et al, '
in a prospective study evaluating the effect of fetal
distress on the neonatal brain, found that all three
infants with 5-minute Apgar scores of <7 evidenced
ICH. Jhawar et al'"'” also found that lower Apgar
scores, with or without resuscitation, were risk fac-
tors for ICH. Four infants in the present study exhib-
ited low Apgar scores (<7) at 1 minute (cases 3, 6,
9, and 15); however, all but one (case 3) had 5-minute
Apgar scores >7. This suggests that low Apgar scores
are not reliable predictors of ICH and that, con-
versely, normal Apgar scores do not rule out the
possibility of neonatal ICH.

Likewise, temperature instability may be a non-
specific sign of ICH. Fang et al'® recently reported an
association between hyperthermia and ICH. One of
the patients in the current study had hyperthermia
while another had hypothermia. It is possible that
such disturbances in temperature regulation are
suggestive of underlying neurological abnormalities.

Over half of the term infants with ICH in this study
also exhibited anemia; anemia or abnormal hema-
tologic findings may suggest the presence of internal
hemorrhaging, including ICHs (i.e., large SDH). Among
the 13 anemic neonates in the present study, only four
had coagulation abnormalities (decreased platelet
count, prolonged PT). A decreased platelet count
may indicate alloimmune thrombocytopenia, while
prolonged PT may indicate vitamin K deficiency.

A diagnosis of intracranial SDH should be considered
in such cases, especially when anemia is left un-
explained, and a concomitant symptom cluster
described by increased blood pressure, hypoxic-
ischemic injury, and tachycardia is present (e.g.,
apnea, cyanosis). Increased vigilance is required
when monitoring symptomatic infants.

After confirmation of a diagnosis of ICH, treat-
ment should be symptom-based, beginning with ag-
gressive correction of etiologic factors including
thrombocytopenia, coagulopathy, and vitamin K de-
ficiency, followed by close monitoring of cerebral
function. Symptomatic ICH in term neonates is as-
sociated with a relatively low mortality (11% at
3-year follow-up),"! but it remains a cause of neu-
rological morbidity among survivors.'? Our findings
revealed a high rate of disability among survivors,
with more than half (57%) exhibiting moderate-
to-severe developmental delays, including cerebral
palsy and mental retardation. This may vary with
the type of ICH. Jhawar et al'" performed a follow-
up study of term infants with ICH and found that
the most favorable outcomes were seen in those with
SDH (80% had no reported problems in cognitive or
motor development), while the worst outcomes were
seen in infants with SAH and those with multiple
compartment involvement. We also found that ICH
involving multiple compartments (with SAH, SDH,
or IVH) tended to be associated with poorer devel-
opmental outcomes: of the 9/24 (38%) infants with
multiple compartment involvement, 6/9 (67%) ex-
hibited abnormal outcomes, while of the 15/24 (62%)
infants with single-compartment involvement, only
8/15 (53%) exhibited abnormal outcomes. The ma-
jority of patients in the current study with normal
development had SDH and/or IPH.

SAH has been attributed to hypoxic-ischemic
encephalopathy in addition to superficial cortical
trauma caused by mechanical stresses from forceps
or vacuume-assisted delivery. Although IPH is less
frequently reported in term neonates, it is not un-
common in clinical practice. IPH may be attributed
to a number of causes, including germinal matrix he-
morrhage, a vascular malformation such as cavern-
ous malformation, a coagulopathy such as vitamin
K deficiency, hemorrhagic infarction, and ruptured
aneurysm.'%20 These findings suggest that term in-
fants with SDH or IPH may be able to make better
recoveries, and that lifelong disabilities may be more
likely to occur in newborns with ICH when multiple
compartments are involved.

In conclusion, the most frequent form of ICH in
term neonates in this retrospective study was SDH,
and the most common presenting signs were seizure,
anemia, and cyanosis. There was a high rate of dis-
ability among survivors, with more than half exhib-
iting moderate-to-severe developmental delays,
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including cerebral palsy and mental retardation.
The presence of one or more of the common pre-
senting signs in full-term neonates should alert
physicians to the possibility of ICH. Early diagnosis,
management, and counseling can then be under-
taken to promote a favorable neurological outcome
and minimize distress for families.
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