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ABSTRACT

Background: Cerebral abscesses complicated by ventriculitis present significant treatment challenges, often
associated with high morbidity and mortality. Traditional management approaches, including systemic antibiotic
therapy and external ventricular drainage (EVD), face limitations due to the blood-brain barrier and risks of
catheter-related complications. This report discusses a case where the dual-lumen catheter system, an innovative
neurosurgical tool integrating continuous irrigation with drainage, was employed.

Case Description: A patient presented with a cerebral abscess ruptured into the ventricle, leading to ventriculitis.
Conventional treatment options were limited due to the abscess’s deep and eloquent location and the associated
risk of complications from standard EVD. The dual lumen system was chosen for its ability to provide continuous
irrigation and drainage, effectively addressing issues of catheter blockage and enhancing localized antibiotic
delivery. The system was used to create a single stereotactic tract for simultaneous treatment of the abscess and
ventriculitis. This approach allowed for a more controlled and effective treatment process, resulting in rapid
resolution of the conditions without chronic hydrocephalus development or further complications.

Conclusion: The use of the dual lumen system represented a significant advancement in this case, addressing
the limitations of conventional treatments. Its ability to maintain intracranial pressure within optimal limits
while providing localized, continuous treatment was pivotal. This case highlights the potential of the dual lumen
catheter in managing complex neurosurgical infections and underscores the need for further research to establish
its efficacy in broader clinical applications.

Keywords: Brain abscess, Frameless stereotaxy, Intrathecal therapy, IrraFlow, Ventriculitis

INTRODUCTION

This scientific report delves into the exploration of the dual lumen as a potential breakthrough
in the targeted treatment of brain abscess with ventriculitis, a complex and life-threatening
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pathology that precipitates an infectious condition within
the ventricular system paired with hydrocephalus due to
altered cerebrospinal fluid (CSF) circulation and intracranial
hypertension.>*1%8)  Consequently, treatment must be
targeted towards both controlling the infection and managing
the disturbed CSF dynamics.

Addressing both these facets is pivotal in management.
While systemic antibiotic therapy often results in suboptimal
efficacy due to limited penetration, and traditional external
ventricular drainage (EVD) systems are fraught with high
failure rates due to clogging from purulent material, the dual
lumen system presents a novel approach.

In an effort to improve outcomes, intrathecal (IT)
antibiotic therapy has been proposed as a supplemental
treatment.®) However, this approach is not without its
limitations. IT therapy is not a standardized treatment, and
when administered through conventional EVD, it introduces
several pitfalls. These include the risk of additional bacterial
contamination and the necessity to temporarily close the
system, both of which can lead to further complications.

Recently, the use of the Dual lumen catheter for continuous
ventricular drainage and irrigation has been advanced for
the management of ventricular hemorrhages*¢*1¢! and
infections,>”'*?!1 offering a cycle of irrigation that may
mitigate the risks of obstruction and infection through
continuous washout of clots and bacterial colonies.

In this case report, we present an unusual scenario involving
a thalamic abscess that had ruptured into the ventricular
system, leading to ventriculitis and hydrocephalus. We
performed a frameless stereotactic drainage of the abscess
and, through the same stereotactic approach, placed the
dual lumen catheter to irrigate both the ventricle and the
abscess cavity continuously. We discuss this case in detail,
highlighting the potential advantages and disadvantages of
this novel technique, also in light of a literature review.

CASE DESCRIPTION

A 73-year-old male with histories of hypertension and diabetes
mellitus and no other significant medical history presented in
good health to our emergency department with a 3-day history
of confusion and fever (37.8°C). Upon examination, the patient
was alert but exhibited signs of mild ideomotor slowing,
disorientation in time and space, recent memory impairment,
and mild right-sided hemiparesis, accompanied by a slight
headache (Glasgow coma score [GCS] 14). Though the fever
had resolved by the time of examination, no signs of meningeal
irritation were observed. Initial cranial computed tomography
(CT) imaging identified a hypodense nodular lesion in the
left thalamus suggestive of a neoplastic process or an abscess
[Figure 1]. He was admitted and started on dexamethasone
4 mg twice daily. The patient’s condition deteriorated rapidly
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over the next two days; he became becoming stuporous
with responsive eye-opening to verbal stimuli (E3), poor
collaboration, slowed responses, disorientation, inappropriate
speech (V3), and moderate right-sided hemiparesis (M6),
leading to a GCS of 12. In light of his worsening state and a
suspected infectious etiology, we initiated empirical antibiotic
therapy with Trimethoprim-Sulfamethoxazole and linezolid
and performed a magnetic resonance imaging (MRI) with
contrast. Laboratory tests revealed elevated inflammatory
markers, including procalcitonin, erythrocyte sedimentation
rate, and C-reactive protein.

The MRI confirmed a left thalamic abscess with a direct
rupture into the ventricular system, causing ventriculitis
characterized by diffuse ependymal enhancement and dense
intraventricular material [Figures 2 and 3]. An expanded
ventricular system indicated developing hydrocephalus with
transependymal resorption. We consulted with infectious
disease specialists, escalated the corticosteroid therapy to
dexamethasone 16 mg/day, and broadened the antibiotic
coverage to include piperacillin/tazobactam and fluconazole.

A decision for surgical intervention was made given the triad of
abscess, ventriculitis, and hydrocephalus. Preoperative planning
involved a 3D virtual model to strategize the stereotactic approach
to the abscess and possible EVD placement!!""*! [Figure 4].

Using the BrainLab VarioGuide system, we performed
frameless stereotactic surgery, aspirating the abscess
and obtaining samples for histological examination. The
confirmation of CSF flow through the stereotactic needle
indicated a patent communication with the ventricular system.
A dual-lumen catheter (IRRAFlow®, IRRAS, Stockholm,
Sweden) was subsequently inserted via the same stereotactic
route. Postoperative CT confirmed the reduction of the
abscess and optimal placement of the catheter [Figure 5].

Postoperatively, the irrigation and drainage exchange system
was initiated; treatment began with a single intraventricular
gentamicin bolus of 9 mg, followed by an infusion of NaCl
0.9% at 180 mL/h with gentamicin three mg/L diluted in the
saline solution. The intracranial pressure (ICP) alarm was
set at 15 mmHg to prevent over-irrigation. The patient was
rotated every six hours to facilitate antibiotic penetration
throughout the ventricular system and to aid in the drainage of
pus. Systemic antibiotic and corticosteroid therapy continued.

The patients clinical conditions gradually improved, and
laboratory tests were monitored, showing a progressive
normalization of inflammation markers. Follow-up cranial
CT scans revealed progressive clearance of the ventricular
system. After eight days, the catheter ceased functioning.
A subsequent CT indicated a slight dislocation; an MRI of
the brain confirmed the well-drained abscess and reduction
in ventricular size with a marked decrease in ventriculitis,
diminished intraventricular purulent material, and
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Figure 1: Basal head computed tomography scan; red arrows indicate left thalamic nodular lesion;
yellow arrows indicate high density cerebrospinal fluid inside the left ventricle.

Figure 2: Brain MRI: A left thalamic abscess measuring approximately 2cm in maximum diameter, with
characteristics consistent with an infectious process — hyperintensity on DWI, hypointensity on ADC, central
necrosis, surrounding edema affecting the thalamus and midbrain tectum. Dense material within the left
lateral ventricle (body;, atrium, and occipital horn) and partially in the right lateral ventricle, the aqueduct of
Sylvius, and the fourth ventricle. The upper (a) and middle (b) rows display MRI FLAIR sequences in sagittal,
coronal, and axial slices. The lower row (c) presents images in DWT and ADC map axial slices. FLAIR: Fluid
Attenuation Inversion Recovery, DWI: Diffusion Weighted Images, ADC: Apparent Diffusion Coefficent.

disappearance of transependymal resorption [Figure 6].
Therefore, the catheter was removed. Clinical conditions
continued to improve post-catheter removal, and the patient
commenced neuromotor rehabilitation. The histological
exam was consistent with abscess walls but without

identifiable pathogens. Cultures from abscess material, CSE,
and blood were negative. Antibiotic therapy was de-escalated
based on specific antibiotics central nervous system
penetration, with meropenem and linezolid maintained for
three weeks post-surgery.
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Figure 3: Post-contrast brain magnetic resonance imaging revealing thalamic abscess with ring
enhancement post-contrast, the red arrows show an apparent direct communication between
the abscess and the floor of the left lateral ventricle, causing ventriculitis with diffuse ependymal

enhancement.

Figure 4: Stereotactic planning using a pc-generated 3D virtual model
representing ventricles and abscess and showing the planned trajectory.
Panel a: 3D virtual model; Panels b, ¢, d: pos-contrast T1 weighted MRI,
axial, coronal and sagittal slices with superimposed reconstruction of
abscess and ventricles and planned stereotactic trajectory.

The patient’s recovery was remarkable; 4 weeks after surgery,
the patient appeared alert and, responsive, cooperative,
with mild memory deficits and slight confusion, complete
regression of hemiparesis (GCS 14), and in good general
condition, and was then transferred to a rehabilitation facility
to begin the recovery process.

DISCUSSION

This case report illustrates a complex scenario involving
the management of a cerebral abscess ruptured into the
ventricle with subsequent ventriculitis, a condition that poses
significant treatment challenges and is associated with high
morbidity and mortality rates from 26% to 72.7% reported in
various case series depending on the route of infection and
the organism responsible. >

The patient’s clinical journey underscores the nuanced
decision-making process in neurosurgical interventions and
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the critical role of innovative techniques such as the dual
lumen catheter system.>71821]

The standard management of cerebral abscesses through
systemic antibiotic therapy is hindered by the blood-brain
barrier, which limits the efficacy of therapeutic agents within
the CSF and abscess cavities. Conventional EVD, although
a critical component in treating ventriculitis, is prone to
complications. The frequent occurrence of catheter occlusion
by purulent material necessitates repeated repositioning,
increasing the risk of hemorrhagic events. The inflammation
of the ventricular walls, a consequence of the ongoing
infection, exacerbates this risk, as the fragile tissue is more
susceptible to bleeding during such interventions.

To overcome these challenges, the dual-lumen catheter system
has emerged as an innovative solution, transforming the
approach to managing such neurosurgical conditions.!>"!#2!l
This system uniquely integrates continuous irrigation with
drainage, potentially resolving issues of catheter blockage and
enhancing the delivery of antibiotics directly to the infected areas.

In our case, we were faced with the dual surgical challenges
of draining the abscess and treating hydrocephalus secondary
to ventriculitis. Brain abscesses could be managed via
stereotactic aspiration through a burr hole or open craniotomy.
Considering the deep and eloquent location of the abscess, we
favored a stereotactic aspiration over craniotomy, in line with
contemporary literature advocating for a minimally invasive
technique for supratentorial brain abscesses.>!41718]

Regarding ventricular drainage, drawing on prior literature
that suggests the high efficacy and safety of this dual-lumen
catheter system in ventriculitis cases, we decided to implement
this novel system.[>7*1>161821l We planned the procedure on
a virtual model and utilized direct communication between
the abscess and ventricle; the catheter tip was stereotactically
placed into the abscess cavity. This strategy allowed us to
create a single tract without directly manipulating the
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Figure 5: Panel a: Post-operative cranial CT scan (axial slices) demonstrating the accurate placement
of the catheter tip within the abscess cavity, which exhibits reduced density. Panel b: 3D representation
showing the ventricles, the abscess, and the catheter in situ.

Figure 6: Post-operative MRI performed 9 days following surgery, depicting a reduction in the size of
the brain abscess and ventricular dimensions, a decrease in edema, and an almost complete regression of
ventriculitis. Upper row (a): Fluid Attenuation Inversion Recovery (FLAIR) sequences in sagittal, coronal
and axial slices; lower row (b): post-contrast T1 weighted MRI in sagittal, coronal and axial slices. FLAIR:
Fluid Attenuation Inversion Recovery.

ventricular ependyma, thus minimizing hemorrhagic risk; to
our knowledge, this is the first documented instance of using
this device through a single stereotactic tract for concurrent
treatment of an abscess cavity and ventriculitis.

The Dual-lumen system difters from traditional EVD due to its
capability to drain and instill fluid simultaneously through a dual-
lumen catheter.*>7161821] Unlike the straightforward gravity and
pressure-based drainage of a standard EVD, this method employs
a continuous irrigation cycle. This ongoing flushing action
helps mitigate the risks of catheter obstruction and infection by
consistently clearing away blood clots and bacterial colonies.

It operates on a cycle, monitoring ICP for 9 s, infusing 1 mL
in 1 s (in our case, a solution of 0.9% NaCl with Gentamicin
9 mg/L at an infusion rate of 180 mL/h), and then draining
for 10 s. The system is programmed with maximum and

minimum ICPs to regulate the infusion and ensure balanced
fluid exchange within 24 hours. The patients positioning is
altered to facilitate ventricular lavage and the drainage of
the highly viscous pus. Our placement of the drain within
the abscess cavity enabled simultaneous washing of the
ventricular system and abscess cavity.

The dual lumen catheter system boasts an advantage over
standard catheters by flushing out inflammatory mediators
and debris from the ventricular system, which aids in
reducing inflammation; however, it particularly stands out
for its ability to deliver antibiotics directly into the ventricular
system, allowing for high local concentrations of antibiotics
that could be pivotal in eradicating the infection.

IT antibiotic therapy is still an emerging, non-standardized
technique, but recent literature points to its potential advantages
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in managing ventricular infections. Traditional delivery through
EVDs faces several challenges, including the risks associated
with opening a sterile system, bolus drug administration,
and the necessity to clamp the EVD post-medication, which
can complicate treatment. In contrast, the continuous and
controlled medication delivery offered by the dual-lumen active
fluid exchange system has been shown to diminish these issues,
signifying a potential leap forward in IT pharmacotherapy.

The case we reported showed excellent results with a short
treatment duration (7 days) and complete resolution of
ventriculitis and abscess without complications or chronic
hydrocephalus. Despite this positive outcome, caution is necessary
when considering the results; varying successes with this device in
ventriculitis have been documented in the literature. 182!

Rezai et al. reported on two patients who were treated with
the IRRAflow system for ventriculitis. The treatment lasted
for 11 and 19 days, respectively. Both patients developed
post-infectious hydrocephalus, which was managed with
an endoscopic third ventriculostomy in one case and a
ventriculoperitoneal (VP) shunt in the other."® Stati et al.
described three cases. In one patient, there was an over-
infusion compared to drainage, leading to a CSF leak around
the catheter entry site. Another patient experienced excessive
infusion after 13 days, necessitating a switch to a drain-only
mode, and eventually, the placement of a VP shunt was
required due to non-communicating hydrocephalus. In their
third case, ventriculitis resolved without hydrocephalus after
ten days of treatment with the dual lumen catheter, and this
was achieved without IT antibiotic therapy.?!) Hess et al.
reported an initial use of the dual lumen catheter in drain-
only mode, which became obstructed with pus in <24 h. They
had to place a new catheter and commence bilateral irrigation
with IT vancomycin. Despite laboratory and radiological
improvement, the patient eventually died.”? Another case by
Hess et al. involved an abscess treated with a craniotomy and
the placement of an IrraFlow catheter, which showed resolution
after eight days without hydrocephalus development.®

In our patient, we achieved rapid resolution of ventriculitis
without chronic hydrocephalus development. We speculate
that ventricular lavage (combined with systemic antibiotic
and cortisone therapy) may prevent post-infective
hydrocephalus, which is common after ventriculitis and
often necessitates VP shunt placement. Although we cannot
assert with certainty that the dual lumen catheter system
prevented hydrocephalus, as other cases have required shunt
implantation despite successful resolution with dual lumen
catheter, we hypothesize that it may expedite healing and
reduce the likelihood of developing chronic hydrocephalus.
This hypothesis, however, requires confirmation through
larger case series and controlled clinical trials. The use
of dual lumen catheters for ventriculitis treatment is an
evolving field, and ongoing research and clinical experience
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are necessary to better define its role, optimal protocols, and
long-term outcomes.

Potential drawbacks

While this device shows promise, there are challenges to
consider. These include the potential for complications
related to the irrigation procedure, the selection of
appropriate antibiotics, and the need for a dedicated team
with experience in the technique.

Another potential drawback of this device is its significantly
higher cost compared to standard EVDs, placing a heavier
financial burden on healthcare providers. However, should
clinical trials and evidence-based data demonstrate a clear
superiority in managing complex patient conditions, the
increased expense could be justified as a cost-effective
investment in improved patient outcomes.

CONCLUSION

The introduction of the dual-lumen catheter system was
pivotal in our patient’s recovery. Its mechanism of continuous
irrigation and drainage represents a significant advancement
in treating such infections. By ensuring the unobstructed
flow of CSF and the delivery of antibiotics directly to
the infection site, the dual-lumen catheter addresses the
fundamental limitations of conventional EVD. Moreover, the
systemy’s ability to maintain ICP within optimal limits while
administering localized treatment exemplifies the potential
for tailored therapeutic interventions in neurosurgery.

However, larger clinical trials and further research are necessary
to fully understand and establish the long-term benefits and
potential drawbacks of this innovative treatment modality.
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