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Abstract
Background
Meningitis is a common neurological emergency and a leading cause of death and neurological
disability worldwide. MRI is extremely useful for detecting and monitoring the complications of
meningitis. The purpose of this study was to describe the brain MRI findings in children with
complicated meningitis.
Materials and Methods
This cross-sectional study was conducted in Radiology Department at the Central Pediatric Teaching
Hospital, Baghdad, Iraq between the period of October 2015 and August 2017. A total of 40 children
who were known cases of meningitis that not respond to the conventional treatment and examined
with MRI were included in this study. MRI protocols were achieved with Variable Echo Multiplanar
sequences and all the images were interpreted by two qualified radiologists for any intracranial
findings.
Results
The mean age of patients was 3.3±3.2 years; 35% of them were infant age group. Females were more
than males with a female to male ratio as 1.2:1. About half of children were diagnosed by MRI with
necrosis, 30% of them with hydrocephalus, 15% of them with abscess and 7.5% of them with
subdural effusion. The hydrocephalus was found among children with lower mean age and abscess
was found among children with higher mean age children.
Conclusion
The main MRI findings of children with complicated meningitis were necrosis, hydrocephalus,
abscess and subdural effusion.
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1- INTRODUCTION
Meningitis is a serious clinical
condition which proceeds immediately and
can lead to significant morbidity. Even
with proper treatment, meningitis can
damage the brain and cause long-term
complications (1-3). A child's prognosis
after an episode of meningitis, depends
upon the cause (the type of bacterium or
virus), the severity of the illness, the time
taken in diagnosis, and initiation of
treatment, and the age of the child (3, 4).
In developed countries such as the United
States, approximately 15% of children
with
bacterial
meningitis
develop
complications (1, 5, 6). Complications are
more common in children who live in
developing countries (7, 8). Conventional
contrast-enhanced
brain
Magnetic
resonance imaging (MRI) is the most
sensitive radiological investigation for the
diagnosis of meningitis because it serves to
recognize the appearance and degree of
inflammatory changes in the meninges as
well as complications. Fluid-attenuated
inversion recovery (FLAIR), and contrastenhanced MRIs serve to represent the
complications of meningitis better than
other images (9). These complications
involve empyema, effusion, cerebritis,
abscess, venous thrombosis, venous and
arterial
infarcts,
ventriculitis,
hydrocephalus, and edema (10). Distention
of the subarachnoid space on MRI is the
earliest finding in meningitis (9).
Several days after the onset of infection,
the pia covering the brain and the
arachnoid lining the dura mater develop
vascular congestion; contrast injection may
demonstrate enhancement of these
meninges (9). Diffusion-weighted imaging
(DWI)
is
used
to
characterize
complications of meningitis such as
cerebral
infarction,
purulent
leptomeningitis, subdural empyema and
cavernous sinus abscess formation (11).
The purpose of the study was to describe
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brain MRI findings in children with
complicated meningitis.
2- MATERIALS AND METHODS
2-1. Study population
This
cross-sectional
study
was
conducted in Radiology Department at the
Central Pediatric Teaching Hospital,
Baghdad, Iraq, between the period of
October 2015 and August 2017. The study
included randomly 40 patients aged less
than 10 years who were known cases of
meningitis that not respond to the
conventional treatment and referred to the
Radiological Department with deteriorated
clinical symptoms in spite of ongoing
treatment medication. Ethical clearance for
this study was obtained from the Central
Pediatric Teaching Hospital Scientific and
Ethics Committee (approval number 32 /
2015) before the commencement of the
study. Informed consent for all patients’
parents was obtained.
For descriptive purpose, the study groups
regarding the age were divided into 4
categories (neonate, infant, less than 5
years, 5-10 years). The MRI was
performed in a 1.5-Tesla MRI system
(Magnetom Symphony, Siemens Medical
Solutions, Erlangen, Germany). Sedation
with oral chloral hydrate or ketamine (IV),
50mg/ml in a dose of 1-2 mg/kg was used
in the young child who could not tolerate
the examination study. Using head coils,
imaging protocols include T1 weighted
sagittal spine echo, axial T2 weighted
turbo spine echo, coronal FLAIR, and
Diffusion-weighted. All images were
interpreted by two qualified radiologists
for any intracranial findings. The
radiologists used a high-resolution
individual monitor for their interpretation
of the MR images and a special formatting
sheet for gathering the observed findings.
2.2. Statistical analysis
Every one of patients' information entered
utilizing automated factual programming;
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Statistical Package for Social Sciences
(SPSS) form 21.0 was utilized. Engaging
measurements displayed as (mean ±
standard deviation), and frequencies as
rates. Kolmogorov Smirnov test checked
the ordinariness of the information set.
Fisher’s correct test utilized when the
expected variable was fewer than 20%.
One way ANOVA investigation was
utilized to look at between more than two
means. In all factual examination, level of
criticalness (p-value) set at ≤ 0.05 and the
outcome displayed as tables and
additionally charts.

(Figure.2), 3 children were diagnosed with
subdural effusion (Figure.3), 2 children
were diagnosed with tuberous sclerosis, 2
children were diagnosed with multiple
white matter necrosis and tuberous
sclerosis, 2 children were diagnosed with
thalamic and basal ganglia infarction, 2
children were diagnosed with bilateral
basal ganglia infarction, 2 children were
diagnosed with subdural empyema and
triventricular hydrocephalus. MRI revealed
that each one child had the following after
meningitis; hemorrhagic necrosis, multiple
bilateral basal ganglia ischemia, bilateral
parieto-occipital white matter small vessel
ischemia, bilateral non-symmetrical focal
necrosis of white matter and basal ganglia,
diffuse parieto-frontal necrosis, bilateral
parietal necrosis, diffuse necrotic foci, tri
hydrocephalus and cerebral necrosis,
periventricular restricted edema, basal
ganglia necrosis, diffuse bilateral cortical
necrosis,
temporal
brain
abscess,
ventriculitis
and
triventricular
hydrocephalus and cerebral abscess
(Figures 4 and 5).

3- RESULTS
To describe brain MRI findings with
complicated meningitis, a total of 40
children with meningitis were included in
this study. The mean age of these children
was 3.3±3.2 years; 35% of them were
infant age group, 27.5% were 5-10 years,
20% were less than 5 years age and 17.5%
of them were in neonatal age group.
Females were more than males with a
female to male ratio as 1.2:1. All these
findings were shown in Table.1.

All these findings were shown in Table.3.
No significant differences between
children with different general diagnosis
regarding their age and gender as shown in
Table.4 (P>0.05). The results showed that
there were no significant differences
between age children with different
general diagnosis regarding their mean age
(p=0.8). However, hydrocephalus was
found among children with lower mean
age and abscess was found among children
with higher mean age children as revealed
in Figure.6.

Generally, about half of children were
diagnosed by MRI with necrosis, 30% of
them with hydrocephalus, 15% of them
with abscess, and 7.5% of them with
subdural effusion. All these findings were
shown in Table.2. Three children were
diagnosed by MRI with diffuse temporaloccipital restricted diffusion and 3 children
were diagnosed with parietal necrosis
(Figure.1). Two children were diagnosed
with left temporal venous thrombosis, 2
children were diagnosed with ventriculitis

Table-1: Demographic characteristics of children included in the present study
Variables
Age, mean± SD (3.3±3.2 years)
Neonate
Infant
Less than 5 years children
5-10 years children
Total
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Number
7
14
8
11
40

Percent
17.5
35.0
20.0
27.5
100.0
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Gender
Male
Female
Total

18
22
40

45.0
55.0
100.0

Table-2: The general diagnosis of children included in the present study
General diagnosis

Number

Percent

Hydrocephalus
Necrosis
Abscess
Subdural effusion
Total

12
19
6
3
40

30.0
47.5
15.0
7.5
100.0

Fig.1: Axial DW image in a 7 years male patient shows right parietal white matter necrosis.
DW: diffusion-weighted.

Fig.2: Axial DW image in a 9 years old female shows ventriculitis.
DW: diffusion-weighted.
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Fig.3: Axial T2 MRI image in a 7 months male patient shows bilateral moderate subdural effusion.

Fig.4: Axial T2 MRI image in a 10 years old male show massive hydrocephalus with periventricular
edema.

Fig.5: Axial T1 post-contrast MRI image in a 7 years female patient shows left-sided parietal abscess.
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Table-3: Detailed diagnosis of children included in the present study
Detailed diagnosis

Number

Percent

Left temporal venous thrombosis
Hemorrhagic necrosis
Multiple bilateral basal ganglia ischemic necrosis
Bilateral parieto-occipital white matter small vessel ischemia
Ventriculitis
Bilateral focal necrosis of white matter and basal ganglia
Bilateral periventricular deep white matter ischemia
Subdural effusion

2
1
1
1
2
1
1
3

5.0
2.5
2.5
2.5
5.0
2.5
2.5
7.5

Tuberous sclerosis
Multiple white matter necrosis & tuberous sclerosis

2
2

5.0
5.0

Thalamic and basal ganglia infarction

2

5.0

Diffuse temporo-occipital restricted diffusion

3

7.5

Bilateral basal ganglia infarction

2

5.0

Subdural empyema

2

5.0

Diffuse parieto-frontal necrosis

1

2.5

Bilateral parietal necrosis

1

2.5

Parietal necrosis

3

7.5

Diffuse necrotic foci
Tri hydrocephalus and cerebral necrosis
Periventricular restricted edema
Basal ganglia necrosis
Diffuse bilateral cortical necrosis
Temporal brain abscess
Tri ventricular hydrocephalus

1
1
1
1
1
1
2

2.5
2.5
2.5
2.5
2.5
2.5
5.0

Ventriculitis and triventricular hydrocephalus

1

2.5

Cerebral abscess
Total

1

2.5

40

100.0

Table-4: Distribution of children' demographic characteristics according to general diagnosis.
Variables

Hydrocephalus
Number Percent

Necrosis
Number Percent

Abscess
Number Percent

Effusion
Number Percent

*Pvalue

Age
Neonate

1

8.3

5

26.3

1

16.7

0

-

Infant

7

58.3

4

21.1

1

16.7

2

66.7

Less than 5 years

1

8.3

5

26.3

2

33.3

0

-

5-10 years

3

25.0

5

26.3

2

33.3

1

33.3

Male

7

58.3

8

42.1

2

33.3

1

33.3

Female

5

41.7

11

57.9

4

66.7

2

66.7

0.4

Gender
0.7

*Fishers exact test.
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5
4.5
4
3.5
3
2.5
2
1.5
1
0.5
0
Column1

Hydrocephalus

Necrosis

Abscess

2.9

3.1

4.3

Subdural
effusion
3.9

Fig.6: Mean age distribution according to general diagnosis.

4- DISCUSSION
Meningitis continues to be an
important disease throughout the world
and can be a life-threatening emergency if
not suspected, appropriately diagnosed,
and managed expeditiously (12). In
children, MRI is widely accepted for its
safety and high soft-tissue resolution. It is
better than sonography in determining the
presence of the complications, mainly in
the posterior fossa. It has the additional
benefit of not utilizing ionizing radiation
(13). Imaging of brain used principally to
recognize complications of meningitis and
to eliminate focal brain lesions mimicking
meningitis. The present study showed that
necrosis was the main MRI finding for
children with complicated meningitis,
followed by hydrocephalus, abscess and
subdural effusion. These findings are
consistent with results of Dietemann et al.
(14) study in Spain which stated that MRI
is valuable to demonstrate the presence
meningeal diseases, especially among
children. The current study revealed that
frequent MRI findings among children
with meningitis were subdural effusion,
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diffuse
temporal-occipital
restricted
diffusion, and parietal necrosis. These
findings are close to results of Kamra et al.
(15) study in India which reported that
MRI is an important technique for
detection and characterization of infectious
meningitis of different etiology. MRI is the
best imaging tool to assess the intracranial
and intraspinal meninges and meningitis
(16). In one study designed and achieved
by Appenzeller et al. (17) were presented a
comparison between MRI and CT. MRI
has been observed to be more useful than
computed tomography (CT) in describing
and outlining the lesions. In addition, it
show pathologies not regularly detected on
CT. Also, the appearance of focal findings
on MRI indicates real cerebral disease,
which is an essential feature in
differentiating drug complicating effects or
primary psychiatric disease. In the present
study, the higher mean age of children was
related with MRI brain abscess and lower
mean age of them was related to MRI
hydrocephalus. This is similar to results of
Vaswani et al. (18) study in Pakistan. The
common age groups of children with
meningitis in our study were neonate and
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newborn child age with slight female
predilection. These results were in lining
with reports of Brouwer et al. (19)
considered in the Netherlands. There was a
dramatic shift in the meantime of cases of
bacterial meningitis, from 15 months of
age in 1986 to 25 years old in 1995, in
light of the fact that most cases of
Haemophilus meningitis reported before
immunization occurred in babies and
children aged 6 to 12 months. This notice
highlighted
the
importance
of
immunization and showed the necessity
for the improvement of compelling
conjugate antibodies against the other
basic meningeal pathogens (19).
4-1. Limitations of the study
There are some limitations in the present
study such as loss of follow up in some
cases; it was a single center study,
infrequent
availability
of
general
anesthesia and motion artifacts in some
cases. However the results of this study
encouraging physicians and radiologists to
apply MRI as a diagnostic choice of
meningitis among children. Further
national multi-center studies on MRI
findings of childhood meningitis must be
supported.
5- CONCLUSION
According to the results of this study,
magnetic resonance imaging is a useful
diagnostic tool for detection and
characterization of childhood meningitis of
different etiology. The main MRI findings
of children with complicated meningitis
were necrosis, hydrocephalus, abscess and
subdural effusion. Age of children with
meningitis increased with the brain abscess
and decreased with hydrocephalus.
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