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Background Aims: Intraventricular empyema (IVE), a rare and life-threatening neurological infection,
challenges healthcare p roviders due to its comp lexity and limited data on op timal management. T his scoping
review seeks to bridge the existing literature gap by systematically summarizing current knowledge, identify ing
consensus, and highlighting research op portunities.

Methods and Materials/Patients: The inclusion criteria included all ages diagnosed with IVE based on the
population, concept, and context (PCC) framework. The search strategy involved utilizing key words and
controlled vocabulary terms in databases, such as PubMed, Science Direct, MEDLINE, Embase, Scop us, and
Google Scholar. The study selection process adhered to p redefined inclusion and exclusion criteria, with data
extraction and map p ing p erformed to summarize key information from the literature, including demograp hics,
sy mptoms, treatment modalities, and outcomes

Results: Analysis of 12 articles shows that IVE p redominantly affects men between the ages of 17 to 81 years,
with various sy mptoms, including headaches, fever, and neurological issues. Infections are found in multip le
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ventricular sites, often comp licated by drug-resistant strains and negative cerebrospinal fluid (CSF) cultures.
While surgical interventions, such as ventriculostomy are common, conservative treatments also show favorable
outcomes, emp hasizing the need for tailored management and timely interventions in optimizing p atient outcomes
for central nervous sy stem (CNS) infections.

Conclusion: In conclusion, the diagnosis and management of intraventricular infections necessitate a

multidiscip linary approach involving clinical evaluation, imaaina. and therap eutic interventions. Imaging features
like ventricular debris on comp uted tomograp hy (CT)and magnetic resonance imaging (MRI) aid diagnosis,
supplemented by other modalities, such as nuclear scintigrap hy . Cerebrospinal fluid analy sis is crucial,
highlighting increased leukocy te counts and commonly imp licated p athogens like gram-negative organisms and
Streptococcus species.

Keywords: Intraventricular empyema (IVE), Surgery, Conservative, Outcomes

Highlights:

e Multidiscip linary approach: Diagnosis and management of intraventricular infections requirew a
between clinicians, imaging specialists, and therap eutic intervention teams.

e Imaging features: Ventricular debris on computed tomograp hy (CT) and magnetic resonance imagin
(MRI) serve as characteristic findings aiding in diagnosis, with additional modalities, Such aflnuclear
scintigrap hy and ultrasonograp hy as supplementary tools. &

e Cerebrospinal fluid analy sis: Increased leukocy te counts and identification of com at nsysuch as
gram-negative organisms and streptococcus species are crucial diagnostic indicat \

iated intra ular

e Promptdiagnosis and treatment: Essential to reduce mortality rates asso;
infections, emp hasizing the imp ortance of early intervention.
e Therapeutic interventions: Intraventricular antimicrobial therapy may be
alongside long-term antibiotic treatment and follow-up monitoring as stand
o Surgical intervention: Craniotomy or neuroendoscopic lavage ma
situations, to optimize outcomes and p revent comp lications.
e Need for further research: Precise treatment protocols, parti
require additional investigation to guide effective clinical de
e Proactive ap proach: Comp rehensive understanding an
mitigate morbidity and mortality risks associated with i icufar infections.

inefractory cases,

Plain Language Summary:

Dealing with infections inside the brain's ventricles
brain scans, and those who p erform treatments. Bra
resonance imaging (M RI), can show certain things
other tests, such as nuclear scans and ultra; j 0
the number of white blood cells is di al or if wesind certain germs. Prompt diagnosis and treatment of
these infections is crucial to avoid sefi We may give strong medicines directly into the brain if

uclas comp uted tomograp hy (CT) and magnetic
agnose these infections. We also sometimes use

to learn more about the be se Infections to help patients get better faster and stop them from
hap peningin the first
patients safe.

arare and life-threatening condition characterized by the accumulation of
's ventricular sy stem [1]. This condition p oses significant challenges to healthcare
lexity , p otentially devastating outcomes, and limited available data on optimal
manage! i . Advances in medical science and technology have led to a growing interest in

Intraventricular
infected pus wi

academicians arious fields, including neurosurgery, infectious diseases, and critical care, have actively
pursued investigations to imp rove the clinical outcomes of patients suffering from this severe neurological
infection [4].

Numerous microorganisms, such as bacteria, viruses, fungi, and parasites, can infect the ventricular sy stem.
Hematogenous dissemination to the subep endyma of the choroid p lexus, diffusion by contiguity from a brain
abscess, or direct imp lantation as a result of trauma or surgery are all p otential paths for infection of the
ventricular sy stem [5]. Hematogenous sp read occurs when pathogens enter the bloodstream and are carried to the
brain. The subep endyma of the choroid p lexus, which is resp onsible for p roducing cerebrospinal fluid (CSF), is
particularly vulnerable to hematogenous spread due to its rich blood supply [6]. Once the pathogens reach the
subependyma, they can infect the ventricular sy stem and cause inflammation and damage. Direct imp lantation is a
less common mechanism of infection and occurs when p athogens are introduced directly into the ventricular

sy stem through a traumatic injury or surgical procedure [7]. This can happen when a foreign object, such as a
bullet or surgical instrument, p enetrates the brain and enters the ventricular sy stem.




Timely and effective management is essential not only to save lives but also to reduce healthcare costs and

imp rove the overall quality of life for survivors. Investigating the most up -to-date and comp rehensive information
on the management and outcomes of IVE is crucial for healthcare providers, p olicy makers, and researchers to
enhance patient care and resource allocation [3], [8].

Despite the growing interest in IVE, a substantial literature gap exists. While individual studies and case reports
have contributed valuable insights, a comprehensive sy nthesis of available knowledge is lacking. To address this
void, this scopingreview will methodically summarize the current literature, p inp oint areas of agreement, and
draw attention to knowledge gaps that can influence future studies. T o better understand best p ractices and
potential areas for future research, this study intends to give a comp rehensive review of the existing body of
information in this field by illuminating the variety of management strategies, their linked outcomes, and
developing trends.

2. Methods and Materials:

This review aims to consolidate existing literature on the treatment modalities, outcomes, and evolving tren

IVE management. It will provide an overview of current knowledge and suggest avenues for future reSgarch
clinical practice enhancements in this medical domain. The sy nthesis of literature includes surgical and -
surgical interventions, their resp ective outcomes, comp lications, and p ractice p atterns.

Research Inquiry:

The central inquiry of this study delves into the management options and outcomes asso th | The
objective is to exp lore the array of methods utilized, alongside their diagnostic a ns,
outcomes, and any emerging clinical practices. This comp rehensive framework 1ay dwork for

conducting a scop ing review aimed at investigating the management options for |
understanding of their efficacy, outcomes, and evolving trends.

Inclusion Criteria:

The inclusion criteria were formulated based on the p opulation, con xt (PCC) framework in
consultation with academic librarians. The target population e sses individuals of all ages diagnosed with
IVE. Search terms were develop ed to encompass keywords.an olled®ocabulary terms (MeSH terms) to

ensure a comp rehensive retrieval of relevant literature.

Concept:

This review examines the gamut of management strat p loyed for IVE, encompassing surgical
interventions, non-surgical ap proaches, ¢ ati management, minimally invasive techniques, and other

therap eutic strategies.

Context:

The medical context u
as hospitals, medical ce
management app

r imyais the treatment and management of IVE across various clinical settings, such
,and reséarch institutions. These settings witness the imp lementation of diverse
specific medical condition.

Type of Sources:

h studiesy whether quantitative, qualitative, or mixed methods, were considered for inclusion in

The inclusion criteria remained relatively stable throughout the review process, including p rimary research studies
available in full text and written in English. The exclusion criteria included studies not directly addressing IVE or
lacking relevance to the core of the study.

Search Strategy :
A literature search was conducted across PubMed, Science Direct, MEDLINE, Embase, Scop us, and Google
Scholar due to their extensive collections related to IVE. Articles p ublished in full text, involving research on the

condition and written in English, were included for evaluation.

Data Collection:




All identified literature underwent data collection and summarization using Microsoft Excel and Zotero. Duplicate
articles were eliminated during title review, followed by screening based on titles and abstracts to ensure
adherence to inclusion criteria. Relevant articles were then reviewed in full text by two indep endent reviewers,
with disaareements resolved by athird reviewer. The scopinareview methodoloay was documented following the
preferred rep orting items for sy stematic reviews and meta-analy ses scoping reviews (PRISM A-ScR) guidelines.

Data Mapping:

Data map pinginvolved extracting pertinent information from the literature relevant to the research question.
Mapped data included author names, patient demograp hics, and sy mptoms, site of empyema, CSF and blood
culture results, neurosurgical treatments, antibiotic regimens, and outcomes. A narrative summary was p rovided to
elucidate key findings from each data extraction set with the research objectives.

3. Results:

Article Search Results: The process of article search consisted of three distinct stages, identificatio
and feasibility evaluation. The identification p hase commenced by conducting a comp rehensive search
pertinent publications in three databases, resulting in the retrieval of 715 papers relevant to the revie
The article titles were compiled in Microsoft Excel and organized in alp habetical order to idefiify d
total of 49 dup licate articles were found and subsequently excluded from the review process. Sulise
p ublications underwent a screening p rocess where their titles and abstracts were evaluate:
relevance to the predetermined inclusion criteria. A total of 666 p ublications that satisfie
were identified, while 549 articles failed to meet the inclusion criteria due to being revi
abstracts or results, and not being written in English. Out of the 117 papers tha
procedure, 105 articles were identified as irrelevant to the review topic and were
assessment. A total of 12 papers about this topic were discovered, leading to the r

1. (A

Recordsidentified from:
1. Pubmed (n=29)

2. Google Scholar (n = 2) (n=49)
3. Science Direct (n = 684)

\ve articles. Figure

Duplicate records removed

Record excluded based on title
and abstract (n=549)

1. Non full text (n=491)
2. No abstract/result

Records screened after

Included ] [ Eligibility ][ Screening ][Identiﬁcation]

(n =666) available (n=52)
l 3. Non-english version (n=4)
4. Excluded article typed
Full-text articles reviewed for (n=2)
eligibility
(n=117) Full-text articles excluded
l Out of topic (n=105)
1. Non intraventricular
Studies included in scoping empyema cases (n=72)
‘ review 2. Not relevant (n=32)
(n=12) 3. Non human (n=1)

Figure 1. eleemon FIow Diaaram Based on the Preferred Rep orting ltems for Sy stematic
Reviews and M eta-Analy ses Scop ing Reviews (PRISM A-ScR) Framework

N\

Re S:

kinds of literature, the incidence of IVE predominantly affects men compared to women. The
age range of patients with IVE varies from 17 years to 81 years. This suggests that IVE can affect individuals in a
wide age range. The condition ap pears to affect men and women, with a fairly balanced representation in the
provided cases. Cases involved men (24, 17, 35, 69, 39, 63, 62, 66, 55, and 49 y ears) and women (57 and 61
years). This indicates that IVE is not limited to a particular gender.

Headache is a common clinical presentation in several cases, including patients with fever with chills,
headache after a trip, intermittent occip ital headache, and frontal headache. Fever is another prevalent sy mptom,
often accompany ing headache. Patients presented with fever with chills, fever, abnormal movements, and acute
headaches with vomiting and fever. Elevated body temperature is acommon finding in IVE. Various neurological
sy mptoms were observed, including right hemip legia, ap hasia, facial paresis, and right extensor p lantar resp onse.
In one case, a p atient with intravenous drug abuse presented with a headache and left earache. Some patients
experienced gastrointestinal sy mptoms, such as diarrhea, which could be associated with sy stemic infection or
inflammation. In a few cases, psychiatric symptoms, such as anxiousness, restlessness, and p sychomotor
retardation were noted, along with generalized weakness and unusual movements (suction, such as mouth
dy skinesia). Some patients had comorbidities or other conditions, such as COVID-19.
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Figure|2. Ventricles of the Brain View of Intraventricular Empyema (IVE) Site of Infect

The sites of empyema within the brain's ventricular sy stem listed in Table 1 indicate a divers
locations of pus accumulation and infection. These locations encompass various p arts of the igntricdlar sy st
including the lateral ventricles, third ventricle, and fourth ventricle, and sp ecific regions within
occipital horns (figure 2). The presence of empyemain both the left and right lateral ventr|
in regions, such as the aqueduct of Sy Ivius highlights the p otential for extensive and com
Additionally, the mention of empyema extending into the frontal and p arietal lobes und
of diagnosing and managing this condition promptly.

Drug-resistant strains, including methicillin-resistant stap hylococcus aurt
carbap enemase, indicate the concerning issue of antibiotic resistance in central nervous sy stem (CNS) infections.
Several typical pathogens linked to bacterial meningitis, such as Streptococcus p neumioniae and neisseria
meningitidis, are also present. Some cases y ielded negative CSF culture rgSults, underSgoring the diagnostic
challenges and p otential need for alternative diagnostic methods. Additi p resence of p olymicrobial

infections.
Conversely, patients who received conservative treatm

rontal ventriculostomy or microsurgical
sness of CNS infections. The dataset emp hasizes
the significance of individualized treatment strateg interventions to op timize patient outcomes in

cases of central nervous sy stem infections.

4. Discussion:

Inflammation of the ep endy malliningyof the’cerebral ventricular sy stem, commonly known as IVE,
ventriculitis, pyogenic ven litis, or intkaventicular brain abscesses, is a suppurative infection of the ventricles.
It typically results fromm iti abscess, or infections related to shunts or catheters. The
these ventricles, caused by an infection, can result in various sy mptoms
es of this disorder, which mostly affects newborns and infants. The
er in both routine and life-threatening situations. It aids in the diagnosis of
ic diseases, which in turn allows for more targeted p atient care [9].

t hemip legia, difficulty speaking, extreme tiredness, rigors, frontal headache, nuchal
ht extensor p lantar resp onse, random bouts of heat and sweat, dizziness, nausea,

[11], [12], [13], nausea, vomiting, altered mental status, and seizures [14]. Severe

on sy mptom, often accomp anied by increased intracranial pressure. Furthermore, dep ending
on the extent an®location of the inflammation, patients may develop neurological sy mptoms, such as weakness,
numbness, or visual disturbances. Fever is a common sy mptom of many infections due to the number of events
resulting in IVE. Alongside sy mptoms, such as anxiousness, restlessness, psychomotor retardation, generalized
weakness, and suction-like mouth dy skinesia [10], [11], [13].

Additionally, intermittent occip ital headaches, right ankle swelling, and abnormal movements of the
extremities were also observed. T he diagnosis of COVID-19 suggests that some of these sy mptoms may have
been related to the viral infection. The right hemip legia and ap hasia may have required further evaluation to rule
out neurological conditions. Improving patient survival rates and making quick decisions about p atient care are
both made possible by accurate and timely evaluations of the extent of injuries and neurologic involvement in
emergencies [15].

To better detect pyogenic ventriculitis and effect rapid therapy, it is necessary to identify comp uted
tomograp hy (CT) and magnetic resonance imaging (MRI) characteristics of the condition. Ventricular debris was
observed. Due to the high protein concentration and, p otentially, necrotic material, the shap e of this substance may

[ Commented [t1]: Figure 2 mustbe mentionedin the text]

Commented [sbs2R1]: MENTION AS FOLLOWS,
THANKYOU



be uneven. The most common ventriculitis imaging sign (94%) was the presence of ventricular debris [16].
Imaging studies, such as CT scans and MRI can help diagnose IVE, but they may not alway s be conclusive.
Among the imaging methods that have been used for these ventriculitis cases include nuclear scintigrap hy,
ultrasonography, and CT scans [17]. The CT scan reveals an augmentation in ventricular size, while the patient
exhibits an elevated count of white blood cells [8]. Brain imaging confirms the diagnosis by a CT scan, which is
recently insensitive. MRI is more reliable thana CT scan in identify ing p us in the cerebral ventricular sy stem and
ependymal inflammation. MRI can distinguish between blood and pus and reveals abnormal ventricular detritus
[18]. Only diffusion M RI sequences showed p urulent material in the ventricles for diagnosing pyogenic
ventriculitis [4].

In these current case rep ort studies, IVE mostly occurs in bilateral ventricles of the brain. Others may
occur in the left or right ventricle, aqueduct of sy lvius, third, fourth, and occip ital horns of the lateral ventricle. In
some cases, a lumbar puncture may be necessary to obtain a samp le of CSF for analy sis. An increase in the
number of white blood cells (leucocytes) in the CSF can indicate an infection in the brain or its surrounding
structures. When neutrop hils predominate in a bacterial infection, ly mphocytes predominate in a viral one, a|
vice versa. Our results corroborate the results of Adhikari and Marineli, who demonstrated the signi
patient leucocy tosis screening. Following a negative neurological evaluation two weeks later, the CSF |
count drop ped to 64/mma3. Previously, it had been 1000/mm3, with normal values ranging from 0 t ].
analy sis was consistent with the bacterial infection including neutrop hilic leukocy tosis (2,30@nm3 leukocyites
with 83% polymorphonuclear leukocy tes [PMNSs]), after three day s of antimicrobial theragy, atient improved
significantly and leukocytosis was back to baseline [18].

Gram-negative meningitis was the most common form of infection associated witfPp y0genic riculitis
(nine [60%] of 15 cases in which an organism was established by culture or Gram stain)\fellowe
Stap hylococcus species [16]. Streptococci constitute the most cases (44.9%) of Wiigh, S pReumoniae is the
primary cause of ventriculitis in patients with bacterial meningitis. Additionally, % reptococci were
identified as a significant source of ventriculitis associated with brain abscesses [19

Reducing the mortality rate associated with empyema requires p rampt diagnosis, treatment, and careful
management of the illness. When patients exp erience a p oor resp onse to 8y stemic antimicrobial therapy alone for
healthcare-associated ventriculitis and meningitis, intraventricular a ic erapy should be investigated
[20].

Current best practices include administering antibiotics extendgd time, monitoring neurological
sy mptoms, and conducting neuroimaging [18]. The admini antili@tics at an earlier stage and over an
extended time y ields more favorable results, obviating th fogReurosurgical intervention [21]. How
y stery” Because there is less blood sup ply to the
a s effective than intrap arenchy mal [22] It is
difficult to practice intraventricular antibiotics in nedRpates, althotigh they may be effective in treating ventriculitis
caused by multidrug-resistant bacteria [23].

As the IVE condition is an emerge o%e 0
ti ess this prablem. The data tabulation of this study also

craniotomy is one of the operativ!

mentioned that the surgical procedu

endoscopy [8], [24], [25].
Achieving cerebro i rapidly is p ossible with neuroendoscopic lavage, minimally invasive

treatment for p urulent itis i

Reports indicate that the e has shown efficacy in treating a rup tured brain abscess within the lateral

ventricles [27]. F , we conclude that surgery is still a necessary and immediate option

following the plati orough action will achieve optimal results to save the patient from the threat

t be refuted that p erforming surgical removal of the intraventricular brain

ould have potentially averted the occurrence of isolated ventricular dilatation [22].

n established for the management of ventricular catheter-related ventriculitis. However,

recommendations or exp ert opinions regarding the op timal treatment regimen or duration

ventriculitis. Further clinical competence is necessary to determine the most ap propriate

5. Conclusion:

M ost patients who underwent a conservative ap proach combined with surgery survived their infections. This
suggests that a surgical intervention, when comp lemented by appropriate conservative measures, can be effective
in managing these conditions.
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