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ABSTRACT

Background: Subdural haematoma (SDH) is a prevalent neurosurgical emergency, and its
pathophysiology is consistently advancing with the discovery of novel varieties. The separated or
multi-layered type, first described by Nakaguchi et al., is a unique pathoanatomic entity with particular
imaging and clinical features. Case summary: This report details a rare case of an infected
separated-type subdural haematoma in a 38-year-old female with a history of chronic alcohol use,
intravenous drug use and head injury. She presented in a comatose condition without fever or focal
neurological abnormalities. An axial non-contrast CT scan showed a right fronto-parietal subdural
collection with multiple internal septations. We performed burr hole evacuation. Microbiological culture of
the drained subdural contents revealed Staphylococcus aureus sensitive to cefotaxime, meropenem, and
ceftriaxone. The patient regained full consciousness after the evacuation, and neurological function was
intact within 24 hours. Infection of existing subdural hematomas by haematogenous methods is a rare yet
complex condition commonly associated with immunosuppression, chronic alcohol use and old age.
Common microbes isolated include Staphylococcus aureus, E. coli, H. influenzae, and Salmonella
species. Conclusion: Infected separated-type SDH constitute a rare yet significant variant of chronic
SDH. This condition is often misdiagnosed as a simple chronic subdural hematoma. Rapid diagnosis and
appropriate antibiotic management are crucial to patient outcomes.
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INTRODUCTION

An infected subdural hematoma (ISH) is an aetiology of CSDH remains unclear, two main

uncommon intracranial infection caused by the
hematogenous seeding of microorganisms into a
pre-existing chronic subdural hematoma (CSDH)
(1). Infected subdural hematoma is frequently
misdiagnosed as CSDH and subdural empyema;
however, there are notable differences in
incidence and pathogenesis (1—4). The precise
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theories exist, the first suggests that head trauma
leads to rapture of bridging veins causing
hematoma development in the subdural space.
The second theory points to inflammatory changes
and abnormal angiogenesis as key drivers of
hematoma formation following trauma. Head injury
triggers an inflammatory process leading to
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release of mediators such as vascular endothelial
growth factor (VEGF), interleukins 6 and 8 (IL6,
IL8), bradykinin, tumour necrosis factor a (TNF a),
matrix metallo-proteinases (MMPs), and fibroblast
growth factor (FGF). This process induces the
formation of leaky fragile vessels and impaired
clot formation, leading to hematoma growth (5,6).
Infection of a CSDH occurs infrequently, with an
estimated incidence of 1%. By 2020,
approximately 50 cases were documented in the
literature and linked to elevated mortality rates
(1,2). A systematic review on subdural hematoma

CASE PRESENTATION

Patient information:

We admitted a 38-year-old homeless female to our
facility following an abrupt loss of consciousness;
the patient had no preceding history of fever,
headache, or infection. In her past medical history,
she sustained a traumatic brain injury following a
fall while intoxicated 2 months before admission.
She is also a tobacco and intravenous drug user.
The patient was not on any anticoagulant or
antiplatelet medications.

Clinical findings:

The neurological examination indicated a Glasgow
Coma Scale (GCS) score of 13/15 (E4, V3, M6)
and no lateralising symptoms. Pupils were
symmetrical and responsive. Her respiratory exam
was normal, with a respiratory rate of 15 breaths
per minute and oxygen saturation of 96% on room
air. She had warm peripheries and normal
capillary refill. She presented with a blood
pressure of 123/76 mmHg. Her pulse rate was 71
beats per minute, and there were no murmurs on
auscultation.

Investigations:
i) Laboratory Results:

The preoperative laboratory investigations showed
low serum sodium levels at 123 mmol/L and
elevated white cell, platelet and neutrophil counts
(Table 1). Postoperatively, we requested ftriple
serology and C-reactive protein levels.

i) Imaging:

A non-contrast CT scan of the brain showed a
large right fronto-parietal hypodense subdural
collection with internal membranes, fluid-fluid
levels, and a distinct septated appearance,
consistent with a separated-type CSDH
(Nakaguchi type Ill), as shown in Figure 1.
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mimickers in 2016 reported only 2 cases of ISH
(7). On the other hand, a subdural empyema is the
accumulation of frank pus in the subdural space,
resulting most commonly from paranasal sinus
infections, other sources of infection include ofitis,
head trauma and surgical site infections following
neurosurgical procedures (1,2,8).

This case report presents an intraoperatively
diagnosed infected subdural hematoma and
examines the pathogenesis and diagnosis of ISH.

No other imaging, such as X-ray or
echocardiography, was performed for this patient.

Diagnosis:

Preoperatively, the patient was diagnosed with a
chronic subdural hematoma according to the
radiologic appearance. The diagnosis of an
infected subdural hematoma was made
postoperatively.

Management:

Upon admission, the patient received 3%
hypertonic sodium at 2-5 mil/kg 6-8 hourly,
targeting a sodium level of 145-155 mmol/L.

We then transferred the patient to the trauma
theatre where we performed emergency
evacuation of the hematoma through right parietal
and frontal burr holes. On opening, we
encountered thick, brown foul-smelling fluid under
pressure with loculations and noted a distinct
membranous separation (Figure 2). We collected
the fluid for microscopy, culture and sensitivity. We
excised the inner membrane partially for
decompression. Using 4 litres of warm saline, we
irrigated the cavity until the effluent became clear.
We performed the final irrigation  with
vancomycin-saline fluid flush; this confirmed the
communication between the frontal and parietal
burr holes. Following the procedure, with the help
of the anaesthetist, we performed a Valsalva
manoeuvre to facilitate brain re-expansion and
reduce the residual cavity.

In the immediate post-operative period, the patient
had a GCS score of 9/15; she was intubated and
transferred to the neuro-intensive care unit for
monitoring. While awaiting culture results, we
initiated  intravenous  (IV)  broad-spectrum
antibiotics:  metronidazole (500 mg TDS),
vancomycin (1 g BD) and ceftriaxone (1g BD). We
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also provided analgesia, anti-emetics, prokinetics,
proton pump inhibitors and anticonvulsants.

The postoperative period was uneventful; she was
successfully weaned off the ventilator and
extubated on postoperative day 2 with a GCS
score of 14/15, with no focal neurologic deficits.
On day 4, a non-contrast CT scan of the brain was
performed, which showed a well-expanded brain
(Figure 3).

Gram stain showed cocci in clusters; culture grew
Staphylococcus aureus, sensitive to ceftriaxone,
ampicillin, cefotaxime, meropenem, ciprofloxacin
and trimethoprim-sulfamethoxazole. She received
intravenous ceftriaxone (2 g 12 hourly) for 14
days, as it was readily available at our facility.
Because of limited resources, i.e., limited bed
capacity, we discharged her 7 days later
(postoperative day 9) on oral antibiotics.

Outcome and follow-up:

INFECTED SEPARATED-TYPE SUBDURAL HEMATOMA  EAJNS 5(3): 165-173

The patient presented to the neurosurgical
outpatient clinic 1 week after discharge. She
reported no headaches, convulsions or focal
neurological deficits, and on examination, she had
a GCS score of 15/15 and no lateralising signs.
Other systemic examinations were all normal. She
was still on analgesics and anticonvulsants
(Levetiracetam 500 mg BD orally). The patient
was then lost to follow-up.

Ethics:

We obtained written consent from the patient at
the facility to share clinical details, laboratory
results, radiologic imaging and intraoperative
images. We have not included any patient
identifiers, including name or hospital identification
number, in this manuscript. Due to the
retrospective nature of this case and institutional
guidelines, no ethical review board approval was
required

Table 1: Laboratory investigations, pre-operatively the patient had an elevated white cell count, neutrophilia and thrombocytosis.
Upon identification of the ISH, we performed further testing; CRP and Triple serology.

Parameter Value
Pre-operative tests
Full haemogram
WBC 11.35 X 10% L
Neutrophils 10.33 x 10% L
Lymphocytes 0.79 X 10° /L
Monocytes 0.23 X 10°/L
Eosinophils 0.0 X10°/L
Haemoglobin 11.9 g/dL
Haematocrit 36.2 %
Platelets 470 X 10% L
Serum Sodium 123 mmol/L

Post-operative tests

HIV ag/Ab Non-reactive
Anti-HCVII Non-reactive
HBsAg Non-reactive
CRP 54.3 mg/L
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Reference range

4.00 - 10.00 X 10% L
2.00-7.00 X 10% L
0.80 — 1.00 X 10% L
0.12-1.20 X 10° /L
0.02 -0.50 X 10% L
11.00 — 16.00 g/dL
37.0-54.0 %

100 — 300 X 10% L
135 — 145 mmol/L

(0.2-15.0)
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d. e. f.
Figure 1: Axial non-contrast CT scan brain window showing a right fronto-parietal subdural collection with mass effect on the right
cerebral hemisphere and associated subfalcine herniation (panels a, b, c, d, e, f). A midline shift is present (panel c, 17 mm). The
subdural hematoma has a maximum thickness of 34.3 mm at the level of the body of the lateral ventricles (b).

Membranes

(20)
Figure 2: Intraoperative images showing the membranes encountered within the surgical site (a), presence of pus and a minor focal
bleed, both of which were evacuated during the procedure (b), and the sample collected from the subdural collection (c).
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Figure 3: CT scan done on post-operative day 4 showing the brain is well expanded after evacuation of the subdural

collection (orange arrow).

2 months prior to admission

medications.

TRAUMATIC BRAIN INJURY

Fall while intoxicated resulting in
head injury. Background history of
tobacco and intravenous drug use.
No anticoagulant or antiplatelet

Day of admission
EMERGENCY
PRESENTATION
Abrupt Loss of
Consciousness

No preceding fever,
headache, or infection.

Laboratory investigations
Thrombocytosis: 618 X 10"9/L
Triple Serology Negative
WBC 7.43 x10°/L

Hb 11.9 g/ dL within normal
range.

LFTs, CRP and procalcitonin

Treatment - SURGERY

Burr-hole evacuation
Antibiotics

ICU admission for 2 days
Discharge 9 days post op
First follow up 2 weeks after
discharge

Non-contrast CT Brain —
LARGE RIGHT CSDH

Large right-sided hypo-
dense chronic subdural
collection over the fronto-
parietal convexity. Internal
membranes, fluid-fluid
levels, and septated
architecture consistentwith
a separated-type CSDH —
Nakaguchi classification
type IIL

No CXRor
echocardiography
obtained.

unavailable.

Day of admission
NEUROLOGICAL
EXAMINATION

Reduced Conscious Level

GCS 7/15—E2 V1 M4.

Pupils symmetrical and reactive.

No lateralising signs. No focal
neurologic deficits

Figure 4: Timeline of management for the patient
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DISCUSSION

Chronic subdural hematoma is a prevalent
neurosurgical condition particularly affecting the
elderly. The annual incidence of this condition has
been increasing due to the shift in population
dynamics towards the elderly. The estimated
global incidence of CSDH ranges from 1.72 to 20.6
cases per 100,000 people (5,6). The peak age of
onset has shifted from 50 years in the 1970s to 80
years in more recent years (5). It is more prevalent
among men, with a male-to-female ratio ranging
from 2:1 to 5:1; the gender disparity decreases
with age (5).

The patient presented at the age of 38 years and
had no known history of immune dysfunction;
however, she is a chronic alcohol and intravenous
drug (IVD) user with a preceding history of a fall.
Published reports indicate that ISH occurs
predominantly in very young individuals (< 1 year
old) or in the elderly (> 60 years) with immune
dysfunction. A case series by Tamai et al. on 30
published reports regarding ISH indicated that the
median age of patients was 71.5 years, with a
predominance of male patients (70%, n=21). This
series included 2 patients aged 20 and 23 years, 1
patient aged 45 years, and 4 patients in their 5th
decade of life (two aged 50 and one each aged 55
and 56 years) (1). This indicates that although the
age range for CSDH and ISH may overlap (>60

years); ISH can also manifest in younger
individuals.
Chronic alcohol consumption is linked to a

heightened risk of development and recurrence of
CSDH. One mechanism is the increased risk for
traumatic brain injury. On the other hand, the
neurotoxic consequences of excessive drinking are
linked to accelerated brain atrophy, particularly the
shrinkage of the cerebral cortex and white matter;
this mechanism is especially significant in elderly
alcoholics. The resultant cranio-cerebral
disproportion facilitates the separation of the dural
layer from the skull, thereby creating a space
conducive to hematoma formation. Alcohol is also
linked to anomalies in platelet production and
function, resulting in protracted bleeding after
trauma (5).

Intravenous drug use is associated with an
elevated risk for traumatic brain, spinal, or
peripheral nerve injuries. It is also linked to an
elevated risk of central nervous system infections,
particularly in patients with intravenous drug
use-related endocarditis (9). According to Hoang
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et al, IVD users undergoing treatment for
infectious  endocarditis  exhibit  neurological
complications at a rate of 31.3%, compared to their
non-injection drug-using counterparts (23.8%).
These complications encompassed intracranial
haemorrhage, ischemic stroke due to septic
emboli, intracranial mycotic aneurysms, and brain
abscesses (10). Conversely, intravenous drug use
elevates the chance of HIV infection (9). We did
not evaluate our patient for cardiac problems or
reasons of immune weakness; nonetheless,
injectable drug use may facilitate the admission of
pathogenic microorganisms.

In our patient, ISH manifested with altered mental
status; however, additional symptoms often found
in adults, such as fever and focal neurological
deficits, were absent (1,2). The clinical findings in
the paediatric populations include fever followed by
seizures and focal neurological deficits (2).

The Gram stain revealed cocci in clusters, and the
culture identified Staphylococcus aureus, but we
could not identify the source of this infection. The
microbial agent in ISH is not identified in 50-70% of
patients, while E. coli is detected in 30% of
samples (1,11). In the paediatric population, H.
influenzae, E. coli, Salmonella species, and
Staphylococcus aureus are identified (11). The
pre-operative hematologic parameters for the
patient in this report indicated an ongoing
inflammatory response (neutrophilia) typically
observed in similar cases (1,3). We did not perform
inflammatory marker tests before the surgery.

A 2025 study involving 80 patients managed for
CSDH demonstrated that subclinical infection
plays a significant role in the development and
recurrence of CSDH. The study indicated that,
although inflammatory responses such as elevated
CRP, leucocytosis, and fever were absent in the
patient cohort, microscopic organisms were
cultured in 40% of swabs taken during hematoma
drainage; the main organism cultured was C.
acnes (69%), while S. epidermidis and S. capitis
represented 9% (10). Like our patient, the majority
of individuals were treated for chronic subdural
hematoma (CSDH), with no notable differences
identified in comorbidities, including diabetes and
immunosuppression. This research demonstrates
that the hematoma serves as an
immune-privileged niche for biofilm development
(12).
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The membrane excised from our patient
underwent no histologic assessment. The
pathological assessment of membranes in patients
with comparable presentations reveals thickening
accompanied by significant inflammatory changes
in the dura mater (1).

The severe hyponatremia in our patient could have
explained the low level of consciousness. This
level of sodium is associated with somnolence,
confusion, disorientation, decreased
consciousness, muscle weakness, falls, seizures,
nausea/vomiting and cardiorespiratory distress
(13). The non-contrast CT scan of the brain done
as per the management protocols for patients
presenting with these symptoms at our facility
identified the subdural collection.

Computed tomography (CT) is the examination of
choice in the diagnosis of CSDH, typically
presenting as hypo-intense, isointense or mixed
density lesions (6). Initial imaging of our patient
showed features suggestive of a separated-type
chronic subdural hematoma (Table 2).

The observed separated type in this patient
represents a transitional form characterized by
internal organization that results in encapsulated
compartments. The histological layers represent
various ages of blood and fibrovascular septation.
This type exhibits the highest recurrence rate,
necessitating careful perioperative management
and regular postoperative follow-up (14).

Studies suggest that the shape of a hematoma on
CT might be indicative of the presence of infection.
In the series by Tamai et al., 50% (n=15) of ISH
cases exhibited a biconvex shape, whereas only
20.6% (n=21) of CSDH cases displayed this
morphology (p=0.0017). Other studies suggest
that the presence of high-density regions at the
lower end of a hematoma may indicate the
presence of ISH; however, this finding is not
statistically significant (p=0.13) (1).

In individuals with ISH, the risk of recurrence and
death is increased by delayed diagnosis or
insufficient drainage (1). The quick recovery of our

INFECTED SEPARATED-TYPE SUBDURAL HEMATOMA  EAJNS 5(3): 165-173

patient highlights the reversibility of neurologic
impairment after the ISH is drained. In line with
comparable cases where the care goal was to
alleviate a CSDH, prompt surgical evacuation
combined with antimicrobial treatment in
accordance with  microscopy, culture, and
sensitivity studies produce a positive outcome
(1,3,12).

ISH demonstrates a heightened tendency for
recurrence, especially when the implicated
pathogen remains unidentified or when suitable
antibiotic therapy is not provided. In this instance,
craniotomy is advised subsequent to the lesion's
recurrence post bur-hole draining. In more severe
instances of recurrence, prolonged draining may
be required, as seen in the case report by
Yamamoto et al, (3). An additional factor
contributing to elevated mortality linked to ISH is
the spread of infection to the brain parenchyma,
resulting in vascular damage. A 2001 investigation
suggested that infection was the aetiology of
infarction in 70 patients presenting with ischemic
stroke of atypical origin (3,15).

This case report has several limitations. First, the
diagnostic  workup  was  incomplete, as
inflammatory biomarkers such as C-reactive
protein (CRP) and procalcitonin were not obtained,
limiting assessment of the underlying inflammatory
response before surgical intervention. In addition,
blood cultures, chest radiography, and
echocardiography were not performed, precluding
exclusion of infective endocarditis as a potential
hematogenous source of infection in this patient
with a history of intravenous drug use. Second,
histopathological examination of the excised

membranes was not undertaken, limiting
characterization of the inflammatory and
pathological changes associated with infected

subdural hematoma. Third, long-term follow-up
data were unavailable, preventing assessment of
recurrence and long-term neurological outcomes.
Finally, as this is a single case report, the findings
cannot be generalized or used to establish optimal
management strategies or long-term prognostic
outcomes.

Table 2: Nakaguchi et al. (2001) classified CSDH based on CT appearance into four main types. (14)

Classification of CSDH

Homogeneous type
Laminar type

Separated type
Trabecular type
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Uniform density throughout the collection.
High-density layer along the inner membrane.

Distinct low- and high-density layers separated by a membrane.
Mixed densities with fibrous strands traversing the hematoma.
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CONCLUSION

Our patient had an incidentally diagnosed
infected-separated type CSDH, while young and
having no identified immune dysfunction. This
patient will require meticulous follow up with
recurrent imaging. Infected separated-type SDH
constitutes a rare yet significant variant of CSDH.
This is often misdiagnosed as simple chronic
subdural hematoma. Timely neurosurgical
intervention and antibiotic administration guided by

microbiological

analysis improves neurological

outcomes.
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