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BACKGROUND The optimal treatment for posthemorrhagic hydrocephalus in newborns has not been established yet. Moreover, despite many valid
therapeutic alternatives, unfavorable neurodevelopmental outcomes are frequent. According to recent literature, these discouraging results could be
related to secondary inflammatory damage of the white matter due to the gradual dissolution of the intraventricular hematoma, which should be
removed.

OBSERVATIONS Neuroendoscopic lavage (NEL) has proven to be a safe and reliable procedure, able to adequately remove the intraventricular clots
and the products of blood degradation. To increase surgical control of the entire ventricular system, the authors illustrated a case in which they
associated real-time transfontanellar ultrasound monitoring with NEL.

LESSONS Coupling these two techniques, the authors performed a rapid ventricular wash and obtained intraoperative confirmation of complete and
accurate clot removal.
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The optimal treatment for posthemorrhagic hydrocephalus (PHH)
in newborns is still unclear, and recommendations in the literature
are not based on strong clinical evidence derived from randomized
controlled trials or prospective cohort studies.1,2 Despite several val-
id therapeutic alternatives (i.e., ventricular access devices, external
ventricular drains, ventriculosubgaleal shunts, or seriate lumbar
punctures), unfavorable neurodevelopmental outcomes and shunt
dependency are still common results. According to recent literature,
poor outcomes could be related not only to primary ventricular dila-
tion but also to secondary white matter damage due to the pres-
ence of intraventricular hematoma. In fact, gradual dissolution of
the clot triggers a secondary injury caused by free radicals damage
and chronic inflammation, as described previously.3–6

To overcome this pathophysiological phenomenon, neuroendo-
scopic lavage (NEL), which allows an effective wash of blood com-
ponents and residual clot suction, has been recently introduced by

several pediatric neurosurgery centers in Europe.7–12 This tech-
nique has proven able to arrest hydrocephalus progression, espe-
cially in cases in which adequate removal of the hematoma was
achieved.9,10,12 However, in more complex cases with extensive
hemorrhage or subacute presentation, endoscopic visibility could be
inadequate to obtain complete suction of the clot. A case involving
a full-term newborn affected by univentricular congenital heart dis-
ease, complicated by subacute PHH after an endovascular stenting
procedure, gave us the opportunity to associate real-time ultrasound
(US) monitoring with NEL. The aim of intraoperative US control
was to facilitate removal of the intraventricular hematoma in a pa-
tient with abnormal hemodynamic and coagulative conditions before
an irreversible progression of the hydrocephalus. US monitoring
seemed a feasible, rapid, and inexpensive way to increase surgical
control over the entire ventricular system during the neuroendoscopic
procedure.

ABBREVIATIONS CSF 5 cerebrospinal fluid; CT 5 computed tomography; DRIFT 5 drainage, irrigation, and fibrinolytic therapy; IVH 5 intraventricular hemorrhage; MRI 5
magnetic resonance imaging; NEL 5 neuroendoscopic lavage; PHH 5 posthemorrhagic hydrocephalus; rtPA 5 recombinant tissue plasminogen activator; US 5 ultrasound.
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Illustrative Case
A 28-day-old full-term newborn (gestational age 39 weeks) with

univentricular congenital heart disease was affected by tetraventric-
ular PHH caused by a grade III intraventricular hemorrhage (IVH)13

after percutaneous endovascular stenting that required antiaggre-
gant and anticoagulant therapy. The patient suffered a generalized
seizure with gaze deviation, and magnetic resonance imaging (MRI)
showed tetraventricular hydrocephalus sustained by IVH (Fig. 1).
Immediately after the reversal of coagulative conditions, we decided
on US-assisted NEL.

After induction of general anesthesia and intubation, the patient
was supine with the head straight. On the right side, a short, pre-
coronaric half-moon incision was created, and a small burr hole was
made first by rotating a scalpel and then by using a rongeur. The sec-
ond surgeon performed transfontanellar US (C11�, 8-5 MHz, Sonosite
M-Turbo) to evaluate the ventricular dilation and clearly display the clot
distribution before opening the dura (Fig. 2). The dura was coagulated
and opened, and a minimal corticotomy was realized. The flexible en-
doscopy unit (4 mm, Karl Storz-Endoskope) was inserted under US
guidance, and continuous irrigation was performed with Ringer’s solu-
tion. After removal of the clot from the right lateral ventricle and the fo-
ramen of Monro, the contralateral clot could be visualized and
removed by performing an interventricular septostomy. Subsequently,
the tip of the endoscope was guided backward into the third ventricle
to achieve complete hemorrhage suction under constant US monitor-
ing. During this step, the probe’s sagittal projection ensured better

visualization of the third ventricle and the hematoma embedded in the
sylvian aqueduct, providing a chance to verify its patency after aspira-
tion, which was performed in safe and monitored conditions (Fig. 3).
Before removing the endoscope, a final transfontanellar US scan of
the ventricular system was performed to ensure its complete wash and
exclude acute complications. At the end of the procedure, a ventricular
catheter connected to an Ommaya reservoir was placed in the right
ventricle. The burr hole was sealed with a gelatin sponge and glue.
Soft-tissue incisions were meticulously closed.

Discussion
Conventional temporary treatments of neonatal IVH have led to

variable results, and a fervent debate in the literature confirms the
lack of well-defined guidelines. Therefore, this uncertain climate and
the fragility of this patient population have pushed the neurosurgical
community to find new therapeutic alternatives.

In 2007, Whitelaw et al. proposed a randomized clinical trial entitled
DRIFT (drainage, irrigation, and fibrinolytic therapy), in which they treated
PHH with fibrinolytic therapy using recombinant tissue plasminogen acti-
vator (rtPA) and continuous cerebrospinal fluid (CSF) flushing.14 The

FIG. 1. Preoperative (A and C) and postoperative (B and D) imaging.
A: Axial CT scan shows a large clot inside the lateral and third ven-
tricles. B: CTconfirms complete removal of the clot, and the pneumo-
ventricle resolved spontaneously within a few days. C: Coronal T2-
weighted MRI offers better visualization of intraventricular clot and its
extension. D: T2-weighted MRI shows the patency of the ventricular
system, the absence of residual hemorrhage, and the reduction of ven-
tricular dilatation. Ommaya reservoir is correctly positioned.

FIG. 2. Superior view of operative field prepared with accurate expo-
sure of anterior fontanelle. One surgeon handles the endoscopic unit,
and a second surgeon, standing laterally, performs the real-time trans-
fontanellar US after coating the probe with sterile transmission gel. A
third surgeon (not visible) controls irrigation and aspiration from the
endoscope.
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study showed a reduction of severe disability and an improvement of
neurocognitive development in the intervention group at 2 years,15 but it
stopped recruitment because of a significant increase in early rebleeding
(which was not reported by Park et al. with the administration of uroki-
nase instead of rtPA16). However, despite the adverse event, DRIFT had
the merit to move the treatment of PHH toward direct washing of CSF
to eliminate blood components and cytokines from the ventricular sys-
tem, thus limiting the progression of hydrocephalus. Indeed, a few years
later, Schulz et al. reported the first series of 19 newborns treated with
NEL, demonstrating that this procedure is a feasible and safe alternative
for complete CSF wash.8 This endoscopic treatment has been evaluated
only in short case series, indicating that the principal benefit of this pro-
cedure is the significant reduction of shunt dependency, which varies
from 57% to 61% compared to 60% to 87% with standard therapeutic
alternatives.7–9,11,12,17 Moreover, similar results have already been dem-
onstrated in adult patients undergoing endoscopic treatment of IVH, in
which the most significant prognostic factors are the amount of intraven-
tricular blood and its complete removal.18–21 At present, an international,
prospective multicenter study is in progress, and its results may enforce
the benefit of NEL in neurodevelopmental outcome.22

Although described as safe and effective, endoscopic treatment of
IVH in newborns can present intraoperative pitfalls and complications,
especially if performed in less experienced centers. For example, the
achievement of complete removal of the clot can lengthen surgical
times and expose a patient to the risk of longer time under general an-
esthesia. To potentiate the safety and efficacy of this surgery in these
fragile and often pluripathological infants, we propose an association
between intraoperative transfontanellar US and NEL.

Observations
In our case, US helped to check blind spots not directly visible

from the endoscope and ensure complete removal of the hemor-
rhage, despite suboptimal vision. Indeed, the gradual degradation
of the clot caused cloudy CSF, which made navigation burdensome
(Fig. 4). Real-time US monitoring was useful for overcoming this ob-
stacle, and by flipping the probe on different axes, the US could be
a valuable “second eye” guiding the surgeon toward safe aspiration
of the clot. As with our patient, the clot generally is adherent to the
choroid plexus of the lateral ventricles8 and is connected to the third
ventricle plexus. Therefore, when the endoscope sucks out the clot
from the foramen of Monro, a simultaneous effect on the third ven-
tricle component must be considered because it could be firmly at-
tached to the endothelium and rebleed. By monitoring distal indirect

motions of the clot in real time, we modulated the lavage and suction
force, thus controlling its fragmentation (Video 1).

VIDEO 1. Clip showing three moments of intraoperative US
monitoring through the anterior fontanel. In coronal and sagittal
views, the tip of the endoscope is easily recognizable while
removing the clots. Click here to view.

A surgeon, especially if less experienced, can feel more confident
when using the endoscope by taking advantage of the US global view
of the ventricular system. By expanding the operative vision, it is possi-
ble to plan the most effective surgical strategy in real time and guide
the aspiration step by step. Furthermore, US ensures a final check that
excludes the presence of residual clots immediately after the procedure.
Recently, Tirado-Caballero et al. published a series of 46 newborns with
IVH treated using NEL in which the presence of residual clots, observed

FIG. 3. Frames from intraoperative US monitoring video. A and B: Coronal views of lateral ventricles during
and after clot aspiration. The white arrow shows the endoscope’s tip over the clot near the right foramen of
Monro. C: Sagittal view of third ventricle at the end of procedure. The supraoptic and the infundibular
recesses are visible at the intersection of the floor and the anterior wall. The white arrow indicates the
endoscope directed toward the sylvian aqueduct (asterisk), which is completely patent.

FIG. 4. Intraoperative view during NEL for a massive IVH in our patient.
Despite copious irrigation with Ringer’s solution, the cloudy CSF offers
bad visibility of hematoma and anatomical structures, making naviga-
tion more difficult. C = intraventricular clot; CP = choroid plexus; M =
right foramen of Monro; S = septum.
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in 54% of patients, was associated with hydrocephalus progression that
required further lavage. In this case series, multiple NELs were associ-
ated with a higher infection rate, poorer cognitive results, and a worse
shunt dependency rate.12 Therefore, because the goal of this surgery
should be removal of the clot in a single procedure, we assume that in-
traoperative US can reduce the risk of a second lavage by improving
the outcome. In our case, we achieved the goal without lengthening op-
erating times (Fig. 5).

The presence of an additional surgeon dedicated to US was not
uncomfortable and did not affect the management of the endoscope
by the first surgeon. The probe, placed at the level of the anterior
fontanel, which must be widely exposed during preparation of the
sterile field, did not come into conflict with the endoscope. Lastly,
US is a quick and inexpensive resource that can be easily used
multiple times. However, a surgeon requires adequate training to
become familiar with brain anatomy as seen with US.

In our patient, postoperative computed tomography (CT) con-
firmed complete removal of the intraventricular hematoma (Fig. 1).
Head circumference and US ventricular index were monitored daily
and remained stable in the weeks after surgery. Postoperative infec-
tion or intraventricular rebleeding did not occur. Subgaleal fluid col-
lection above the entry point was the only complication, but it did
not require any treatment. The patient’s neurological conditions are
progressively recovering with intensive physiotherapy and neurocog-
nitive rehabilitation. Unfortunately, a second coagulation disorder 2
months after the NEL procedure caused a dorsal spinal epidural he-
matoma that required neurosurgical evacuation, leaving a condition
of areflexic paraplegia. However, the most recent neurological eval-
uation indicated complete head control and mild muscle tone of the
trunk in the sitting position that requires use of the hands for

support. In a supine position, the infant grabs and manipulates ob-
jects and shows correct progressive psychomotor acquisitions. At
present, he receives antiepileptic drugs and hydrocortisone replace-
ment therapy, but he did not suffer further generalized seizures,
and electroencephalogram controls confirmed good organization of
electrical activity by age. Approximately 8 months after surgery, the
patient still does not need a ventricular shunt, and the last MRI
study showed stable ventricular sizes with no white matter injuries.
The patient’s head circumference is in the 25th to 50th percentile.

Lessons
In our still limited preliminary experience, US monitoring during

NEL was technically feasible and safe, ensuring a second continu-
ous point of view on the operative field to facilitate clot removal. In
the future, we are confident that US monitoring will become a com-
mon accompaniment to NEL in the treatment of pediatric PHH.
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