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Abstract Intracranial hemorrhage is an important cause of brain injury in the neonatal population
andbedsidepercutaneousneedleaspirationhas emergedas analternativedueto themajor
risks that can be caused by standard neurosurgical decompression.We aimed to assess the
effectiveness of this minimally invasive bedside technique and conducted a retrospective
analysis of all newborn infants with a large extra-axial hemorrhage associated with a
parenchymal hemorrhage causing amidline shift,managed at three academic centers over
a 15-year period. Collected data included clinical history, laboratory results, review of all
imaging studies performed, and neurodevelopmental follow-up. Eight infants (3 preterm
and 5 full-term) presented on day 1 to 2 with seizures (n ¼ 6) and apneas (n ¼ 5), signs of
increased intracranial pressure (n ¼ 4), and coning (n ¼ 1). Risk factorswere present in six.
Cranial ultrasound and computed tomography showed a midline shift in all; two infants
showedstatus epilepticusonamplitude-integratedelectroencephalographywith complete
resolution after the procedure. Between 7 and 34 mL could be aspirated associated with a
decrease in the midline shift as seen by ultrasonography performed during the puncture.
No complications were seen related to the procedure and none of the infants required
further acute neurosurgical intervention. On follow-up, three hadmild sequelae, including
motor coordination problems (n ¼ 1) and hemianopia (n ¼ 2); none developed cerebral
palsy or postneonatal epilepsy. Neonates, presenting with severe symptoms, can be
managed successfully using ultrasound-guided needle aspiration and this minimally
invasive bedside method should be kept in mind before performing neurosurgical
decompression.
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Introduction

Intracranial hemorrhage (ICH) is defined as the pathological
accumulation of bloodwithin the cranial vault and is associated
with substantial devastating consequences on morbidity, mor-
tality, and long-termneurodevelopmentaloutcomeinneonates.
In contrast to preterm infants who exhibit intraventricular
hemorrhage (IVH) as the most common form of ICH, term
neonates usually presentwith anextra-axial hemorrhage invol-
ving the meninges, commonly seen after a normal delivery, or
more rarelywith a lobarhemorrhageoccurringwithin thebrain
parenchyma.1,2 Regardless of the gestational age of the infant,
the combination of duration of compression of the brain tissue,
the extent of bleeding, and often accompanying seizures can
have detrimental effects on neurological outcome.3,4 Therefore,
proper management of this condition, which usually includes
neurosurgical intervention, is of paramount importance.

While a decision for conventional neurosurgical decom-
pression is most often made in the neonatal population, this
may not be the best option for every patient with a compro-
mised clinical condition. Bedside percutaneous needle aspira-
tion has emerged as an alternative due to the major risks that
can be caused by standard neurosurgical decompression
including, transfer of the neonate to the operating theater,
and further clinical deterioration due to general anesthesia
and craniotomy. However, data on percutaneous needle
aspiration is limited to a fewcaseswith an extra-axial epidural
or subarachnoid hemorrhage.3,5–10 The aim of this study was
to illustrate theuseof ultrasound-guidedpercutaneousneedle
aspiration in eight newborn infants with a large extra-axial
hemorrhage associatedwitha parenchymalhemorrhage caus-
ing amidline shift and to review the literature on thismethod.

Methods

Aretrospectiveanalysisofallnewborninfantswithalargeextra-
axial hemorrhage associated with a parenchymal hemorrhage
causing a midline shift, managed with bedside ultrasound-
guided percutaneous needle aspiration at three centers over a
15-year period,was conducted. Eight patientswere included, all
ofwhomwereadmittedduetoneonatal seizuresand/orapneas.
Neuroimaging techniques including cranial ultrasound (cUS),
computed tomography (CT), and magnetic resonance imaging
(MRI)wereused.Themedical recordswereusedfor information
on neurodevelopmental outcome. Signed parental informed
consent for inclusion in this study was obtained.

Selected Cases

Case 1
This male infant weighing 1050 g (p ¼ 3–10) was born to a
gravida1,para0motherbyemergencycesareansection (C/S)at
311/7 weeks. The mother presented in labor with decreased
fetal movements and Doppler ultrasonography revealed
reversed end-diastolic flow velocities. The parental history
and the course of the present pregnancy were unremarkable
and the mother received one dose of antenatal steroids before
delivery. The infant required intubation in the delivery room

due to respiratory insufficiency and the Apgar scoreswere 1, 1,
and 9 at 1, 5, and 10 minutes, respectively. His umbilical cord
bloodgas showeda pHof 7.10with a base excess of–12 mmol/
L and a lactate of 13.7 mmol/L. Upon admission to a level 2
hospital, the infantwasstartedonglucose infusiondue to a low
blood glucose level of 0.1 mmol/L. A complete blood count
(CBC) analysis at 6 hours of life showed a hemoglobin of
6.5 mmol/L with a platelet count of 42,000/μL for which a
thrombocyte andpacked red blood cell transfusionwere given.
A cUS scan was performed, which showed a large left-sided
parieto-occipital hemorrhagewith a subarachnoid component
causing a midline shift (►Fig. 1A). Hewas started onmannitol
infusion (0.5 g/kg) and transferred to our level three neonatal
intensive care unit (NICU) for further evaluation. His head

Fig. 1 Ultrasound, computed tomography (CT) and magnetic resonance
imaging (MRI) findings of case 1. (A) Cranial ultrasound (cUS) coronal
view, showing a clear midline shift, a left-sided germinal matrix hemor-
rhage (GMH) and a large echogenic area in the left temporal–parietal
lobe; (B) Axial CT confirming the midline shift and GMH, but showing
both extra-axial and intraparenchymal hemorrhage as well as an area of
low attenuation adjacent to the hemorrhage; (C) MRI-T2 sequence
performed 8 days after the puncture no longer shows a midline shift, but
shows a bilateral intraventricular hemorrhage, a subdural hemorrhage as
well as intraparenchymal hemorrhage with adjacent increased signal
intensity suggestive of ischemia; (D) cUS performed 2 weeks later
showing left-sided residual hemorrhage; (E) MRI-T2 sequence at term
equivalent age showing resolution of the hemorrhage with cystic evolu-
tion in the parenchyma, separate from the ventricle and mild ventricular
dilatation; (F) T1-weighted sequence at 4 years showing normalization of
ventricular size and progress in myelination.
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circumference on arrival was 27.8 cm (p ¼ 40) with a full
fontanel and a cUS study revealed a small left germinalmatrix-
intraventricular hemorrhage (GMH-IVH) with a large focus of
increasedechogenicity in the left parieto-occipital lobecausing
a midline shift, which was later confirmed to be a large
parenchymal hemorrhage with a subdural and subarachnoid
component on a CT scan (►Fig. 1B). After obtaining parental
consent, anultrasound-guidedpercutaneous needle aspiration
through the parietomastoid suture was performed by the
neurosurgeon. A 24-gauge needle was inserted with the gui-
dance of a convex ultrasound probe placed on the anterior
fontanel resulting in removal of 20 mL blood. The infant
remained stable during the procedure and midline shift was
no longer seen on subsequent cUS examinations. The ampli-
tude-integrated electroencephalography (aEEG) showedanor-
mal background pattern for age without seizure activity.
Further etiologic studies including alloimmune antibodies,
TORCH, and Parvovirus B19 were found to be negative and
thrombocytopenia was considered to be due to fetal growth
restriction andperinatal asphyxia. AnMRI of thebrain onday 9
showed no midline shift, presence of bilateral GMHs, and a
large left sided parieto-occipital hematoma communicating
with the left lateral ventricle with some blood in the occipital
horn. Punctate white matter lesions were also noted together
with a left-sided subdural collection (►Fig. 1C); MR angiogra-
phy and MR venography were unremarkable. cUS examina-
tions demonstrated grade I GMH on the right and grade II IVH
on the left (►Fig. 1D). Serial cUS scans showed development of
mildposthemorrhagicventriculardilatation (PHVD), especially
on the left. He was started on oral isosorbide (8 g/kg/day) and
required three lumbar punctures to stabilize the PHVD. The
infant was mechanically ventilated for 9 days followed by
continuous positive airway pressure for two more days before
weaning to room-air and discharged home on day 36 on
isosorbide and phenobarbitalmaintenance. Isosorbide therapy
wasdiscontinued4weeksafterdischargeanda repeat cUS scan
showednodilatation after cessation of the therapy. The follow-
up examination at term equivalent age showed a restless, but
otherwise well infant and the MR scan showed slightly asym-
metrical myelination of the PLIC and mildly decreased size of
cerebellar peduncle on the left, partial resolution of the hema-
toma leading to cystic appearance in the left parieto-occipital
lobe, and ex-vacuo dilatation of the left lateral ventricle
(►Fig. 1E). The infant received regular physiotherapy and at
6,12, 18, 24, and36monthscorrectedage, hisGriffiths Scales of
Mental Development (GMD) score was within the normal
range. A follow-up MR scan at 4 years of age showed focal
white matter loss and gliosis (►Fig. 1F). Follow-up until
5.5 years of age revealed a friendly boy with a small stature
(< –2 SD) receiving growth hormone. The infant did not
develop cerebral palsy; however, he was diagnosed with
developmental coordination disorder and received a special
educationprogramfor6monthsafterwhichhestartedandstill
attends mainstream school.

Case 2
This male infant was born at 394/7 weeks to a 34-year-old
gravida 2, para 1 mother who had received routine prenatal

care. The infant was born by C/S due to failure to progress in
labor. The Apgar scores were 9 and 10 at 1 and 5 minutes,
respectively, and umbilical cord blood gas showed a mild
metabolic acidosis with a pH of 7.15 and a base excess of –6
mmol/L. His birth weight was 3785 g (p ¼ 50–90), head
circumference 35.5 cm (p ¼ 50–90), and the physical exam-
ination was completely normal. At the age of 30 hours,
repetitive clonic movements of the left hand and leg were
observed and the patient was admitted to the NICU for
neuromonitoring. The CBC revealed a hemoglobin of 7.8
mmol/L with a platelet count of 362,000/μL and a C-reactive
protein of 34 mg/L. Other laboratory studies including basic
metabolic panel and coagulation profile were within the
normal range. aEEG confirmed the presence of seizure
activity in the right hemisphere (►Fig. 2A). cUS revealed a
large parenchymal hemorrhage in the right parieto-occipital
lobe compressing the right lateral ventricle causing a mid-
line-shift (►Fig. 3A and B). After a loading dose of pheno-
barbital (20mg/kg), seizures recurred electrographically and
required add-on therapy with midazolam (loading dose:
0.05 mg/kg, followed by 0.15 mg/kg/h), lidocaine (loading
dose: 2 mg/kg, followed by continuous infusion for 24 hours,
tapered gradually), and levetiracetam (10 mg/kg/dose). An
MRI on day 2 showed a massive hemorrhage in the right
parieto-occipital lobewith a large occipitoparietal subarach-
noid and subdural collection. Hemorrhage was also detected
in the right germinal matrix and lateral ventricle (►Fig. 3C

and D). MR angiography and MR venography were normal.
Bedside ultrasound-guided percutaneous needle aspiration
was performed by the neurosurgeon and 7 mL of blood was
removed. aEEG after the procedure demonstrated complete
cessation of the seizure activity and subsequently the anti-
epileptic drugs were tapered (►Fig. 2B and C). Serial cUS
studies displayed reduction in the size of the hematoma and
disappearance of the midline shift with mild PHVD. Further
etiologic evaluation yielded heterozygous carrier state for
factor V Leidenmutation. The infantwas discharged homeon
day 12 on phenobarbital maintenance therapy. A follow-up
MR scan at 3 months of age showed resolution of the
previously noted hematoma, leaving a large arachnoid cyst
in the right parieto-occipital lobe and ex-vacuo dilatation of
the right lateral ventricle (►Fig. 3E and F). He developed
hemianopia of the left eye and a convergent strabismus and
otherwise he showed favorable development with a GMD
score normal for his age currently at 18 months.

Results

The clinical and outcome characteristics of all eight infants
(3 preterm and 5 full-term) are shown in►Table 1. All infants
presented on day 1 to 2 with seizures (n ¼ 6) and apneas
(n ¼ 5), signs of increased intracranial pressure (n ¼ 4), and
coning (n ¼ 1). Six had etiologic risk factors for hemorrhage.
cUS and CTshowed amidline shift in all (►Fig. 1); two infants
showed status epilepticus on aEEGwith complete resolution
after the procedure (►Fig. 2 of Case 2). All infants were
intubated, sedated, and mechanically ventilated during the
procedure and between 7 and 34 mL (median 20 mL) could
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be aspirated associatedwith a decrease in themidline shift as
seen by ultrasonography performed during the puncture. No
complications were seen related to the procedure and none
of the infants required further acute neurosurgical interven-
tion. One infant developed posthemorrhagic hydrocephalus
and needed a ventriculoperitoneal shunt (Case 8). Median
age at follow-up was 12 months (range 4–168 months).
Three had mild sequelae, including motor coordination
problems (n ¼ 1) and hemianopia (n ¼ 2); none developed
cerebral palsy or postneonatal epilepsy.

Discussion

ICH is an important cause of brain injury in the neonatal
population and despite the substantial advances in perinatal
medicine in the past few decades, it continues to be a burden-
some health issue in the NICU.2 The infants reported in this
case series all presented with severe symptoms due to a large
intra- and extra-axial cerebral hematoma causing increased
intracranial pressurewithamidline shift andweremanagedat

the bedside with an ultrasound-guided needle puncture with
an immediate improvement of their symptoms. To the best of
our knowledge, this is thefirst series of newborn infantswith a
combined intra- and extra-axial hemorrhage presenting with
a midline shift managed with this method. Bedside percuta-
neous needle aspiration is a nonsurgical minimally invasive
technique inwhich theexact site anddepthofneedle insertion
can be determined under ultrasound guidance. Given the
major risks of a standard neurosurgical decompression pro-
cedure in an unstable neonate, including transfer of the infant
to the operating theater, administering general anesthesia and
further deterioration of thehemodynamic status, and possible
severe changes in cerebral perfusion due to craniotomy, a less
invasive method may inevitably be more favorable. Although
there are anecdotal reports in the literature on needle aspira-
tion of intracranial hematoma, the cases presented had extra-
axial hemorrhages, without intra-axial components
(►Table 2).5–8,11,12 In 1983, Aoki8 reported the association
ofanepiduralhematomawithadepressedskull fractureand in
his report, he stated that the successful management of this

Fig. 2 Amplitude-integrated electroencephalography (aEEG) recording of case 2. (A) Status epilepticus in the right hemisphere refractory to
multiple antiepileptic drugs. aEEG recording was interrupted during the magnetic resonance imaging and the puncture; (B) aEEG trace showing
cessation of the seizure activity following the procedure on a continuous normal voltage background and presence of sleep–wake cycling; (C) no
recurrence of the seizure activity was noted in the following hours, showing continuous normal voltage background and sleep–wake cycling.
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condition was achieved by aspiration of the liquefied hema-
tomarather than surgical removal. Later on,Negishi et al11 and
Yamamoto et al12 reported further successful management of
newborn infants with an extra-axial epidural hemorrhage
with theaspirationtechniqueand thelatter stated that surgical
procedures should be attempted only if aspiration turns out to
be ineffective. One might wonder whether the thick and
semisolid nature of the hematoma could prevent it frombeing
aspirated; however, since the very early reports, it has been
noted that the majority of the neonatal intracranial hemato-
mas displayed liquid characteristics.6,8–10 Noguchi et al6 indi-
cated that neonatal ICH was more liquefied in nature
compared with its adult counterpart and showed a tendency
to solidify over time, which allows needle aspiration. Consis-
tent with the literature, all of the newborns described in our

series demonstrated a liquefied hematoma, which was easily
aspirated. Parents were counseled on the risks, including
failure of the technique to evacuate the hematoma, the risk
ofa newhemorrhageduringor after theprocedure and further
damage to the cerebral tissue; yet none of the aforementioned
complications were observed, although in case 8 brain tissue
appeared to be part of the aspirated fluid, probably from the
damaged occipital lobe due to the intracranial bleeding com-
ponent. With cUS guidance during the procedure, both the
assessment of the tip of the catheter and real-time visualiza-
tion of the volume of the hematoma could be achieved.6

Improvement in the success rate of needle insertion under
ultrasonographic guidance would prevent blinded multiple
puncture attempts, thus controlling the symptoms more
rapidly in a compromised infant, while reducing the risk of
coalescence of the needle tracks to form a porencephalic cyst-
like lesion and eliminating the risk of vascular injury with the
addition of Doppler color flow.13 Additionally with cUS, the
best puncture site in relationwith the nearest suture could be
assessed.

Anatomically, ICH is classified as epidural, subdural, sub-
arachnoid, intraventricular, or parenchymal, and involvement
of more than one compartment is possible.1,14 In the preterm
infant, ICH occurs with an estimated incidence of 20% to 25%
within the first 3 days after delivery in the form of GMH-IVH
and the average incidence of a parenchymal hemorrhage is
reported to be between 5% and 11%.15,16However, in the term
population, it is difficult to determine its true incidence, since
not all term newborns with ICH present with clinical events
and it is stated in the literature that asymptomatic ICH in term
newborns is much more frequent than previously thought.1

Looney et al14 reported the prevalence of asymptomatic ICH
after vaginal delivery in term newborns to be as high as 26% in
their MRI study. Whitby et al17 described nine neonates with
an asymptomatic subdural hemorrhage and could show birth
trauma as the responsible factor in only two of these infants.
The authors stated that a subdural hematoma was not neces-
sarily due to an evident birth trauma. Today, it is well-known
that in majority of the neonates, ICH occurs spontaneously or
related to a clotting defect such as allo- or isoimmune throm-
bocytopenia, a mutation in the COL4A1 or COL4A2 gene,
hemorrhagic transformation after arterial stroke, sinovenous
thrombosis, especially when associated with a thalamic
hemorrhage, or as the result of a vascularmalformation.1,17–22

The risk of ICH is higher in newborns with hemophilia if they
were born by assisted vaginal delivery rather than C/S;
whereas von Willebrand disease is not reported to be a
common cause of ICH probably due to the physiologic rise in
the factor level shortly after birth.23,24 We saw thrombocyto-
penia in twoofour cases and inbothcases, congenital causesof
bleeding diathesis, perinatal infections and alloimmune
thrombocytopenia were ruled out. Fetal growth restriction
in both cases, as well as the perinatal asphyxia in one, might
explain the thrombocytopenia. Dystocia necessitating vacuum
extraction could well explain the intracranial events in two of
our infants; however, we could not delineate any etiologic
explanation for the 2nd and 4th case, although the former
demonstrated mild metabolic acidosis and was heterozygous

Fig. 3 Ultrasound and magnetic resonance imaging (MRI) findings of
case 2. (A) Cranial ultrasound (cUS) coronal view, showing midline
shift and a right-sided germinal matrix hemorrhage; (B) cUS image
showing a large round-shaped echogenic area in the right parieto-
occipital lobe consistent with the hematoma; (C) MRI-T2 sequence
performed on day 2 before the procedure shows a midline shift,
bilateral intraventricular hemorrhage, and small subdural and large
subarachnoid hemorrhage associated with intraparenchymal hemor-
rhage and ischemia of the parenchyma; (D) MRI-susceptibility
weighted imaging at the same level demonstrates a right-sided large
intraparenchymal hemorrhage in association with extra-axial blood
collection; (E and F) MRI T1 and T2 sequences at 3 months showing
evolution of the parenchymal and extra-axial hemorrhage.
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for factor V Leiden mutation. Occasionally, a parenchymal
hemorrhage is accompanied by a subdural and/or subarach-
noid extra-axial component and in most cases, it involves a
single hemisphere.1,18 Thiswasmost prominent in the second
and the third casewith a large hemorrhage into the arachnoid
cyst accompanying the parenchymal hemorrhage (►Table 1).
Arachnoid cysts are reported in the literature either as a
developmental process or secondary to trauma, hemorrhage
and inflammation. Palin et al25 reported a neonate who had
ICHafter thedevelopmentofanarachnoidcystandsuggesteda
reverse causal relationship. Regardless of the primary focus, a
therapeutic intervention to remove an intra- or extra-axial
hematoma becomes essential when it causes neurologic find-
ings such as seizures and compression of the adjacent cerebral
tissues, leading to a midline shift or herniation.6,11 We saw
seizure activity on aEEG and amidline shift on cUS in all of our
cases and dramatic improvement in these findings on serial
monitoring after the intervention. Cessation of the status
epilepticus was evident in two cases and is noteworthy as a
potential major benefit of this bedside intervention.

ICH has also the potential for severe long-term adverse
neurological outcomes. Prematurity, presence of perinatal
asphyxia, the extent of injury, early onset of repetitive
seizures or status epilepticus, and the need for more than
one antiepileptic drug to control seizures were associated
with an unfavorable outcome.1,26 Klinge et al27 showed that
ICH is a major risk factor for neurodevelopmental morbidity
including psychomotor retardation and cerebral palsy in
infants with hemophilia. The newborns in our series pre-
sented with one or more of these risk factors; however, we
saw a surprisingly favorable clinical outcome during the
follow-up of these infants, normal scores for their ages on
the neuro-developmental tests, and apparent improvements
in their subsequent neuroimaging findings. We speculate
that the relatively good outcome of these infants despite the
presence of such risk factors might be due to the timely
intervention and effective removal of the extra-axial com-
ponent of these large space-occupying lesions with a mini-
mally invasive method at the bedside without further
compromising the clinical condition.

In summary, we described eight newborn infants pre-
senting with overt clinical symptoms including seizure,
apnea, and respiratory failure within the first 2 days after
birth. All showed a clear midline shift due to an intra- and
extra-axial ICH on neuroimaging. We saw a dramatic
improvement in the symptoms with this minimally invasive
aspiration technique guided by cUS performed at the bed-
side. We observed no complications during or after the
procedure in our infants and the subsequent scans showed
disappearance of the midline shift and resolution of the
hematoma after the procedure. The neurologic outcome of
the infants was rather favorable, all achieving results within
the normal range on neurodevelopmental tests.

Conclusion

Bedside ultrasound-guided percutaneous needle aspiration
technique should be considered for themanagement of largeTa
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hemorrhages with both intra- and extra-axial component,
especially in infants with ongoing seizures, before perform-
ing neurosurgical trepanation.
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