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ABSTRACT 
Ventriculitis is a severe central nervous system infection with high mortality. We present the 
case of a 24-year-old male with nasopharyngeal carcinoma who developed primary Klebsiella 
pneumoniae ventriculitis during hospitalization. He presented with fever, headache, and al-
tered mental status. Due to acute hydrocephalus, an external ventricular drain was inserted, 
and subsequent cerebrospinal fluid (CSF) cultures yielded K. pneumoniae. Despite aggressive 
intravenous and intrathecal antibiotic therapy, the patient died from septic shock. This case 
highlights the rapid clinical deterioration associated with Gram-negative bacterial ventricu-
litis and the management difficulties encountered in immunosuppressed oncological pa-
tients, emphasizing the critical nature of this rare but fatal complication.
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INTRODUCTION

Bacterial meningitis and ventriculitis are severe central nervous system (CNS) infec-
tions characterized by high morbidity and mortality, particularly in immunocom-
promised patients (1). In clinical practice, ventriculitis is predominantly encountered 

as a secondary complication of invasive neurosurgical procedures, such as the placement 
of external ventricular drains (EVDs) or following intraventricular hemorrhage (2). Con-
versely, primary ventriculitis is defined as an infection of the ventricular system occur-
ring via hematogenous spread or contiguous extension in the absence of prior surgical 
intervention and is exceedingly rare in the literature (3). This rarity poses a significant 
diagnostic challenge for clinicians, often leading to delayed recognition and management.

Gram-negative bacteria, particularly multidrug-resistant (MDR) Klebsiella pneumoniae 
strains, are associated with limited therapeutic options and mortality rates reaching up to 
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70% in CNS infections (4,5). Patients with malignan-
cies receiving radiotherapy are at an elevated risk for 
the translocation of such aggressive pathogens due 
to immune dysfunction, disruption of anatomical 
barriers, and mucosal damage. The development of 
primary K. pneumoniae ventriculitis complicated by 
acute hydrocephalus in a patient with nasopharyn-
geal carcinoma without a history of neurosurgery 
represents an unusual clinical presentation.

In this report, we present a case of primary K. pneu-
moniae ventriculitis in a young patient with naso-
pharyngeal carcinoma following radiotherapy. 
Despite aggressive interventions, including intra-
thecal colistin and surgical drainage, the clinical 
course was fatal. This case aims to highlight the 
aggressive nature of primary Gram-negative ven-
triculitis and to contribute to the limited literature 
by emphasizing its diagnostic pitfalls and manage-
ment complexities.

CASE

A 24-year-old male, who had been followed for 
six years with a diagnosis of nasopharyngeal car-
cinoma, presented to the emergency department 
with fever and headache after completing a 10-day 
course of radiotherapy two months earlier. The 
chronological progression of the patient’s clinical 
status, diagnostic findings, and antimicrobial ther-
apy is summarized in Table 1. Upon physical exam-
ination, his general condition was fair to poor; he 
was confused, with limited orientation and coop-
eration. Vital signs were as follows: temperature, 
38.2°C; blood pressure, 110/60 mmHg; heart rate, 
94 bpm; and SpO2, 98%. Neurological examination 
revealed nuchal rigidity and positive Kernig and 
Brudzinski signs. 

A lumbar puncture was performed, yielding tur-
bid CSF. CSF biochemistry showed profound hypo-
glycorrhachia, with a glucose level of 1 mg/dL 

Graphical Abstract



Infect Dis Clin Microbiol 2026; 8(4): 419–25

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License. 421

(concomitant blood glucose, 110 mg/dL) and an 
elevated protein level of 977 mg/dL. Although ini-
tial Gram stain and culture results were negative, 
these findings were interpreted as early evidence of 
a severe pyogenic process likely already involving 
the ventricular system (7). Empirical therapy was 
initiated with intravenous (IV) ceftriaxone (2 × 2 g) 
and vancomycin (2 × 1 g).

During follow-up, the patient developed respiratory 
distress. Chest computed tomography (CT) demon-
strated bilateral ground-glass opacities in the upper 
zones and pneumonic consolidations in the left 
middle zone, consistent with pneumonia (Figure 1). 
Initial blood, CSF, and sputum cultures obtained 
during the first week remained sterile. Due to clin-
ical deterioration and a declining Glasgow Coma 
Scale (GCS) score, the patient was transferred to the 
intensive care unit (ICU). Following unsuccessful 
intubation attempts, an emergency tracheostomy 
was performed to secure the airway.

On Day 14, following further clinical deterioration, 
K. pneumoniae was isolated from deep tracheal aspi-
rate (DTA) cultures. Microbiological identification 
was performed using matrix-assisted laser desorp-
tion/ionization time-of-flight mass spectrometry 

(MALDI-TOF MS) with the Bruker IVD MALDI Bio-
typer 2.3 system (Bruker Daltonik GmbH, Bremen, 
Germany). Antimicrobial susceptibility testing was 
conducted using the fully automated BD Phoenix 
100 system (Becton Dickinson, Sparks, MD, USA) 
and interpreted in accordance with European 

Figure 1. Thoracic CT scan showing bilateral ground-glass 
opacities in the upper zones and consolidation in the left 
middle zone, interpreted as pneumonia.

Day Clinical status Diagnostic findings and 
microbiological data

Antimicrobial therapy  
and interventions Interpretation

1
Fever, headache, 
nuchal rigidity, 
confusion

Initial lumbar puncture: Turbid CSF, glucose: 
1 mg/dL, protein: 977 mg/dL

Empirical therapy: IV 
ceftriaxone (2 × 2 g) + 
vancomycin (2 × 1 g)

Onset of primary CNS 
infection (meningitis/
ventriculitis)

7–13 Respiratory distress; 
transfer to the ICU

Thoracic CT: Bilateral pneumonia.  
Sterile blood and initial CSF cultures

Emergency tracheostomy. 
Continued empirical 
antibiotics

Systemic deterioration 
and pulmonary 
involvement

14 Further neurological 
decline (GCS drop)

DTA culture: MDR K. pneumoniae 
(carbapenem-resistant, ESBL-producing; 
susceptible only to colistin)

Escalation: Switched to 
Meropenem (3 × 1 g) + 
Polymyxin B (IV)

Identification of 
the causative MDR 
pathogen

16 Acute intracranial 
hypertension, GCS 7

Brain CT: Acute hydrocephalu. 

EVD placement: Drainage of frank purulent 
CSF

Surgical Intervention: 
Emergency EVD placement

Hydrocephalus as a 
complication of pre-
existing ventriculitis

17–24 Comatose state

EVD-CSF culture: MDR K. pneumoniae

Brain MRI: Confirmed ventriculitis (fluid-
debris levels, ependymal enhancement)

Targeted therapy: 
Meropenem (3 × 1 gr) + IV 
colistin + daily intrathecal 
colistin (10 mg)

Microbiological 
and radiological 
confirmation of 
ventriculitis

25 Septic shock and  
multi-organ failure - Cardiac arrest Fatal outcome

Table 1. Clinical progression, diagnostic findings, and antimicrobial management timeline.

CSF: Cerebrospinal fluid, DTA: Deep tracheal aspirate, EVD: External ventricular drain, GCS: Glasgow Coma Scale, IV: Intravenous,  
MDR: Multidrug-resistant, ICU: Intensive care unit.
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Committee on Antimicrobial Susceptibility Testing 
(EUCAST) guidelines. Extended-spectrum beta-lac-
tamase (ESBL) positivity was detected by the dou-
ble-disk synergy test. Notably, colistin susceptibility 
was specifically determined using the broth micro-
dilution method. The isolate was categorized as 
MDR based on the criteria established by Magiora-
kos et al. (8), exhibiting a carbapenem-resistant and 
ESBL-producing phenotype. Consequently, the anti-
microbial therapy was switched to IV meropenem (3 
× 1 g/day) and polymyxin B (loading dose of 25,000 
IU/kg, followed by a maintenance dose of 12,500 IU/
kg twice daily [BID]).

Following further neurological decline on Day 16, a 
brain CT revealed acute hydrocephalus (Figure 2), 

necessitating the emergency placement of an EVD, 
which yielded purulent CSF (Figure 3). On Day 17, K. 
pneumoniae was subsequently isolated from the CSF. 
Notably, this isolate was also identified as the rare 
subspecies K. pneumoniae ssp. ozaenae DSM 16358T 
with high-confidence MALDI-TOF MS scores (2.425 
for DTA and 2.160 for CSF) and exhibited an iden-
tical antibiotic susceptibility profile to the DTA iso-
late. Although genetic characterization for clonality 
is not routinely performed in our clinical practice, 
the isolation of the same rare biotype with an iden-
tical resistance profile from both sites, coupled with 
temporal consistency, strongly suggested a hema-
togenous translocation from the respiratory tract 
to the central nervous system.

Contrast-enhanced brain magnetic resonance 
imaging confirmed ventriculitis with fluid-debris 
levels and restricted diffusion (Figure 4). Consid-
ering the poor CSF penetration of systemic poly-
myxins, the regimen was intensified as a salvage 
strategy with high-dose meropenem (3 × 2 g), sys-
temic colistin, and daily intrathecal colistin (10 
mg) to achieve bactericidal concentrations within 
the ventricular system (4). Despite these intensive 
measures, the patient progressed to septic shock 

Figure 4. Contrast-enhanced brain MRI demonstrating 
fluid-debris levels within the occipital horns of the lateral 
ventricles and restricted diffusion, consistent with 
pyogenic ventriculitis.

Figure 2. Non-contrast brain CT scan demonstrating 
acute hydrocephalus with significant ventricular 
enlargement following neurological deterioration.

Figure 3. Gross appearance of purulent CSF drainage 
observed during the emergency placement of an EVD.
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and multi-organ failure, leading to a fatal outcome 
on Day 25.

DISCUSSION

Primary ventriculitis is generally defined as a 
spontaneous infection of the ventricular system 
occurring in the absence of prior neurosurgical 
intervention or trauma (1,2). It can rarely mani-
fest as primary ventriculitis in patients without a 
surgical history (3). The interpretation of this case 
as primary ventriculitis remains valid despite the 
isolation of K. pneumoniae from the DTA three days 
prior to its isolation from the ventricular CSF. In 
neurosurgical terminology, secondary ventriculitis 
is fundamentally defined as an iatrogenic infec-
tion following invasive procedures, such as EVD 
placement or craniotomy (4). In contrast, primary 
ventriculitis occurs spontaneously via hematoge-
nous or contiguous spread in the absence of sur-
gical intervention. Since our patient had no prior 
neurosurgical history, the pulmonary involvement 
likely represented a concurrent focus or the hema-
togenous source, which is a recognized pathway 
for primary infection. Furthermore, the profound 
hypoglycorrhachia (1 mg/dL) and meningeal signs 
present on Day 1 provide strong evidence that the 
CNS infection was established at admission, well 
before the clinical progression of pneumonia or 
any surgical breach. Therefore, the chronological 
sequence of positive cultures does not exclude the 
diagnosis of primary ventriculitis, as the infection 
arose spontaneously rather than as a procedural 
complication.

The microbiological findings obtained later in the 
clinical course support this suspected pathogen-
esis. Specifically, K. pneumoniae was isolated from 
the DTA on Day 14 and subsequently from the ven-
tricular CSF on Day 17. The isolation of the same 
rare subspecies with an identical resistance profile 
from both sites, coupled with temporal consistency, 
strongly suggests hematogenous spread from the 
respiratory tract to the central nervous system, 
although molecular analysis was not performed 
to confirm clonality. Furthermore, the aggressive 
nature of the infection and its rapid progression 
to ventricular empyema in a non-neurosurgical 
patient raise the suspicion of a hypervirulent K. 

pneumoniae (hvKp) phenotype. hvKp strains are 
characterized by increased capsular polysaccha-
ride production and specific virulence genes (such 
as rmpA and iucA), which enhance their ability to 
cause invasive disease, including primary CNS 
infections, by translocating through mucosal bar-
riers, a process likely facilitated in this patient by 
radiotherapy-induced tissue damage (6). However, 
because phenotypic or molecular investigations for 
hypervirulence markers are not performed as part 
of routine microbiology practice at our institution, 
the hypervirulence status of the isolated strain 
could not be further evaluated.

Radiological imaging is vital for the diagnosis of 
ventriculitis. Ventricular dilatation, ependymal 
enhancement, and fluid-debris levels observed in 
our patient are characteristic findings (7,9). Dif-
fusion-weighted imaging is particularly sensitive, 
as purulent exudates typically exhibit diffusion 
restriction, providing a diagnostic advantage over 
conventional sequences (10). In this case, the rapid 
progression and heavy debris accumulation char-
acteristic of invasive K. pneumoniae ventriculitis 
were clearly delineated by these imaging modali-
ties (10,11).

The management of MDR Gram-negative ventricu-
litis is severely limited by the pharmacokinetics of 
systemic antibiotics. In the present case, the esca-
lation of antimicrobial therapy followed a stepwise 
rationale based on microbiological findings and 
pharmacokinetic challenges. Initially, upon the 
isolation of MDR K. pneumoniae from the respira-
tory tract, the regimen was switched to IV mero-
penem (3 × 1 g/day) and polymyxin B (loading dose 
of 25,000 IU/kg, followed by a maintenance dose of 
12,500 IU/kg BID). Following the subsequent confir-
mation of ventriculitis by culture of EVD-derived 
CSF, the treatment was further intensified by dou-
bling the meropenem dosage to 2 g every 8 hours 
to maximize peak concentrations. Simultaneously, 
daily intrathecal colistin (10 mg) was initiated as 
a salvage strategy. This decision aligns with the 
2017 Infectious Diseases Society of America (IDSA) 
guidelines, which recommend localized antimi-
crobial delivery for MDR Gram-negative infections 
when systemic penetration is inadequate or clinical 
response is poor (4). Systemic polymyxins exhibit 
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particularly poor blood-brain barrier penetration 
even in the presence of inflammation, necessitating 
direct intraventricular administration to achieve 
therapeutic bactericidal levels (12–14). However, 
the management of such cases is often compli-
cated by dense purulent material and intraventric-
ular flocculation, which can create adhesions and 
hinder antibiotic bioavailability. While some cen-
ters advocate for early ventricular lavage to reduce 
this purulent burden (15), our patient progressed to 
septic shock and multi-organ failure despite emer-
gency surgical drainage and intensive antimicro-
bial therapy. 

The fatal outcome in this case was likely multi-
factorial. The suppressive effect of radiotherapy 
on both innate and adaptive immunity, combined 
with the loss of mucosal barrier integrity, may have 

rendered the patient more susceptible to invasive 
pathogens. Furthermore, prolonged hospitalization, 
ICU stay, and invasive airway management likely 
served as catalysts for K. pneumoniae colonization 
and subsequent systemic dissemination.

CONCLUSION

The risk of invasive Gram-negative ventriculitis 
must be considered in patients with nasopharyn-
geal carcinoma and a history of radiotherapy, even 
in the absence of neurosurgical intervention. Given 
the rapid progression of primary Gram-negative 
ventriculitis, a multidisciplinary approach incorpo-
rating early radiological assessment, prompt intra-
ventricular antibiotic therapy, and early surgical 
lavage appears to be the only viable strategy for 
improving survival.
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