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ABSTRACT

Objective: To determine the diagnostic accuracy of contrast-enhanced FLAIR images as an imaging tool in
diagnosing tuberculous meningitis considering CSF analysis as gold standard.

Study Design: Comparative Cross sectional Study.

Place and Duration of Study: This study was conducted in Radiology Department of Pakistan Institute of Medical
Sciences, Islamabad, from May to Oct 2016 in collaboration with Neurology Department.

Methodology: Total 255 patients having clinical suspiscion of Tuberculous meningitis were included. Patients
having intracranial hemorrhage, claustrophobia and metallic implants in body were excluded. MRI scan of brain
from the vertex till the base of skull was performed at 1.5 Tesla MRI machine. Contrast enhanced T2 FLAIR
images were acquired and evaluated by radiologists for tuberculous meningitis. CSF analysis was done after
lumbar puncture of the patient. Diagnostic accuracy of the procedure was determined by taking CSF analysis as
the gold standard. Data was analyzed by using SPSS 21.

Results: One hundred and fifty four (61%) patients were found to have abnormal enhancement on contrast
enhanced FLAIR images. One hundred and forty six (58.4%) were True Positive and 8 (3.2%) were False Positive.
Among, 101 contrast enhanced FLAIR images negative patients, 6 (2.4%) were False Negative where as 95 (38%)
were True Negative. Overall sensitivity was 96.05%, specificity 92.23%, positive predictive value 94.81%, negative
predictive value 94.06% and diagnostic accuracy 94.51%.

Conclusion: This study concluded that contrast-enhanced FLAIR magnetic resonance images have high
sensitivity and specificity in diagnosing tuberculous meningitis.
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INTRODUCTION

Meningitis is an acute inflammatory condi-
tion of the protective membranes called menin-
ges, covering the brain and spinal cord!. The inf-
lammation may be caused by infection with diffe-
rent microorganisms, and rarely by some medica-
tion2. Although there has been much advance-
ment in the complete management of infectious
diseases, meningitis is still considered as a big
cause of mortality and morbidity, especially in
the children3. There are many causative bacteria
for meningitis according to the patients’ age
group. In premature babies and infants, common
causes are group B streptococcus and bacteria
that normally inhabit the gastrointestinal tract
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such as Escherichia coli. Listeria monocytogenes
(sero type IVb) affects the newborns and may
occur in epidemics®.

Sixty nine lac fifty thousand seven hundred
and fifty 69,507,50 total cases were reported
worldwide in WHO 2019 annual report. The glo-
bal incidence was 132 per 100,000 and in Pakistan
was 265 per 100,000. Meningitis is an important
disease affecting the world and can lead to
serious emergency if not appropriately diagnosed
and further treated accordingly. Meningitis is one
of the biggest causes of neurological and medical
emergency and causes considerable morbidity
and mortality affecting all age groups®. Infective
diseases like meningitis including tuberculous
and bacterial meningitis has been a common
cause of stroke in younger population of
Pakistan®.
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According to the latest World Health Org-
anization (WHO report), there were an estimated
11 million prevalent cases of tuberculosis. Out of
estimated 9 million people who got TB in 2013,
(56%) were in the South-East Asia. It is estimated
that 1.5 million people died of TB in 2013. Among
6.1 million cases, 0.83 million patients had extra-
pulmonary TB. Tuberculous Meningitis (TBM)
accounted for 25.4% of all adult meningitis”. TBM
is a complex disease further leading to neurolo-
gical deficit as well as other complications, dem-
anding early diagnosis and treatment. Its diag-
nosis needs very high index of clinical suspicion.
TBM must always be considered if a patient
presents with signs of meningeal irritation, par-
ticularly in extremes of age, immunocompro-
mised people and patients with history of TB
contact?®.

Incidence of extrapulmonary Tuberculosis
varies greatly among different countries of the
world and is affected by overall incidence of
Tuberculosis. Population based estimation of
TBM is not commonly reported. TBM causes
death and disabilities with other complications in
children. Intracerebral as well as spinal disease is
mediated by inflammation leading to meningitis,
tuberculous abscess formation, vasculitis, hydro-
cephalus and infarction®.

Diagnosis of TBM is often not microbio-
logically confirmed. Delay in diagnosis may lead
to delayed initial treatment, advanced disease
and complications as being predictors of poor
outcome. Clinical and lab findings are imperfect.
CT scan and MRI have been widely used to diag-
nose TBM. CT scan and routine MRI may be
normal in 15%10-13,

CT scan may reveal abscess formation, tuber-
culoma and hydrocephalus (early communicating
and late non communicating hydrocephalus)
however, the earliest signs of TBM may not
be manifested on CT scan. Findings may be over-
looked due to conspicuous vascular enhancement
further masking the meningeal enhancement.
Lumbar puncture (LP) may be contraindicated in
cases of increased intracranial pressure. Patients
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may not OPT the LP as it is an invasive proce-
dure. Contrast enhanced T1 weighted images
have been used in MRI brain for diagnosing
meningitis as well as various other pathologies
but Contrast enhanced FLAIR (fluid attenuated
inversion recovery) sequence is a new tool. These
are T2 weighted images with dark CSF and
showing more accurate meningeal enhancement
and conspicuity’.

LP has been the previous method of choice
for confirmation of Tuberculous meningitis. CT
scan as well as common MRI images are not very
helpful so CE FLAIR MRI remains a non-invasive
method of investigation. We had planned this
study to assess the diagnostic accuracy of CE
FLAIR images as a diagnostic tool, so as to make
highest possible effective use of this method
in the non-invasive diagnosis of tuberculous
meningitis in our local population.

METHODOLOGY

This comparative cross sectional study was
conducted in Radiology Department of Pakistan
Institute of Medical Sciences, Islamabad from
May to October 2016 with collaboration of
Department of Neurology.

Sample size was calculated by taking sensi-
tivity 96%!16, specificity 85.71%1, expected preva-
lence 25.4%7, precision 4% & confidence level 95%
and sample size came out to be 255 by using
WHO calculator.

After taking approval from Ethical Commi-
ttee, male and female patients in the age range of
13-70 yrs diagnosed on clinic presentation of
fever (>38°F), headache ,vomiting and neck stiff-
ness were included in the study through non
probability consecutive sampling. Informed con-
sent was taken from all patients. Patients having
intracranial hemorrhage, brain tumour and those
with MRI contraindications (severe claustropho-
bia or with cardiac pacemakers) were excluded.

MRI brain was performed with standard
head coil and routine protocol from base of the
skull to vertex. After that IV contrast Gadolinium
was injected with dose adjusted according to the

1311



Contrast Enhanced Flair MRI

weight of the patient as 0.Immol/kg body
weight, using automatic injector at speed of 0.2
ml/second. MRI images were reported by senior
radiologists having experience >3 years in neuro-
radiology. CE FLAIR images were labeled as
“positive” when there was thick meningeal
enhancement in extra axial CSF spaces, along the
superficial brain surfaces or within the sulci and
along the nerves and cisterns. It was compared
and confirmed on CSF examination by pleocy-
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In each patient, MRI scan of brain from the
vertex till the base of skull was performed and
contrast enhanced FLAIR images were acquired.
Contrast enhanced FLAIR images supported the
diagnosis of tuberculous meningitis in 154 (61%)
patients. CSF analysis confirmed tuberculous
meningitis in 152 (59.61%) cases where as 103
(40.39%) patients revealed no TBM. In 154 CE
FLAIR images positive patients, 146 (58.4%) True
Positive cases had tuberculous meningitis and 8

Table-I: Tuberculous meningitis on contrast enhanced FLAIR.

Tuberculous meningitis on CSF

Tuberculous meningitis on

Yes No

contrast enhanced FLAIR Yes

True Positive (a) False Positive (b)

No

False Negative (c)

True negative (d)

Sensitivity: a / a+c x 100, Specificity: d / b+d x 100, Positive predictive value: a / a+b x 100, Negative predictive value: d / c+d x 100,

Diagnostic accuracy: a+d / a+b+c+d x 100

Table-I: Contrast-enhanced FLAIR images and CSF findings.

Positive on CE FLAIR Negative on CE FLAIR p-value
Positive on CSF 146 (TP)* 6 (FN)*** 0.857
Negative on CSF 8 (FP)** 95 (TN)**** )

*TP=True positive, **FP=False positive, **FN=False negative, ***TN=True negative

tosis of =50 cells/uL predominantly lymphocytes
(=250%), CSF protein 240 mg/dl, CSF sugar
<40.0% of blood sugar. Lumbar puncture was
done by neurologist and report was sent to hos-
pital lab verified by pathologist. Findings were
noted on questionnaire as positive on MRI,
Positive on CSF analysis, Negative on MRI and
Negative on CSF analysis. The data was analyzed
on SPSS version 21. A 2 x 2 table was used to
determine sensitivity, specificity, positive predic-
tive value, negative predictive value and diagnos-
tic accuracy. Mean and standard deviation were
calculated for quantitative variables like age.
Frequency and percentage were calculated for
qualitative variables like gender and positives
contrast-enhanced FLAIR images (table-I).

RESULTS

Age range in our study was 13-70 years with
Mean + SD = 41.37 + 15.94 years. Majority of the
patients 98 (38.43%) were between 31 to 50 years
of age. Out of 255 patients, 153 (60%) were males
and 102 (40%) were females with male to female
ratio of 1.5:1 as shown in fig-1.

(3.2%) False Positive cases had no tuberculous
meningitis on CSF analysis. Among, 101 contrast
enhanced FLAIR images negative patients, 6

o Male

M Female

Figure-1: Distribution of patients according to gender.

(2.4%) False Negative cases had tuberculous men-
ingitis on CSF analysis where as 95 (38%) true
Negative cases had no tuberculous meningitis on
CSF analysisas shown in table-II.

Overall sensitivity was found to be 96.05%,
specificity 92.23%, positive predictive value
94.81%, negative predictive value 94.06% and
diagnostic accuracy 94.51% (fig-2).
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DISCUSSION

The diagnosis of meningitis is established by
history, physical examination, and laboratory
evaluation but the ability to detect and differen-
tiate intracranial infections has markedly impro-
ved with the introduction of MRI. The lack of
bone artifacts and the multiplanar capability of
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Figure-2: Diagnostic accuracy of contrast-enhanced
FLAIR images as an imaging tool in diagnosing
tuberculous meningitis.
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MRI have led to this preeminence?516.

Vaswani et al in 2014 performed a prospec-
tive study in Karachi, Pakistan similar to our
study. The number of patients was 57. Patients
presented with signs of meningeal irritation in
the form of headache, photophobia, neck rigidity,
fever and vomiting. The study signifies the
clinical parameters and symptoms showing that
90% patients presented with history of vomiting.
They also calculated diagnostic accuracy of T1
weighted post contrast images. The sensitivity of
FLAIR post contrast MRI was 96% and specificity
was 85.71%1°.

In a prospective study by Splendiani,
Twenty seven patients were evaluated with plain
routine and contrast enhanced TIWI and FLAIR
sequences. On TIWI only six patients were
diagnosed and on FLAIR imaging twelve patients
were positive. After MR, all patients underwent
spinal tap and it was found that twelve patient
had CSF positive findings. Thus, sensitivity of
Contrast enhanced FLAIR remained 100%7.

In a retrospective study at Karachi, Pakis-
tan, fifty patients were included through their
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medical records. This study was different from
our study as it was done retrospectively and it
included the Plain unenhanced FLAIR sequence
rather than contrast enhanced images. There were
36 true positive cases and 10 were true negative.
One of the two false positive patients was due
to motion blurr the other proved out to be
meningeal carcinomatosis. They revealed 94.7%
sensitivity and 83.3% specificity?s.

Galassia et al' retrospectively studied 24
patients. This research was more complex as it
consisted of total 35 studies of 24 patients,
consisting of two groups. First group comprised
of 21 out of 33 studies with T1 weighted Fat
suppression images performed before CE FLAIR
images. Second group consisted of 12 out of
33 studies included CE FLAIR imaging before
CE T1 weighted Fat Suppression images. Time
interval between both types of groups was 2-5
minutes. The results showed that CE FLAIR
images are less sensitive than CE T1 weighted Fat
Suppres-sion imaging. The conclusion of the
study was totally opposite to ours as they found
out con-trast-enhanced T1-weighted images were
rated better than CE-FLAIR in 25 of 33 studies.
Limi-tations of this study were small sample size
and complex study design.

Another study by Ahmad A20 has quantified
the differences in MR signal intensities using
TIWI FS and FLAIR images, thus providing
better results favoring FLAIR images in mening-
itis patients. It also shows that suppressing the
vascular enhancement on FLAIR images signifies
better visualization and discrimination of men-
ingeal enhancement. The overall accuracy was
90.3% for CE_FLAIR sequence compared to
54.8% for conventional post contrast TIWI.

CONCLUSION

It is concluded that MRI could have an im-
portant role in the early screening for infectious
tuberculous meningitis, provided a CE FLAIR
sequence is used.

CONFLICT OF INTEREST

This study has no conflict of interest to be
declared by any author.

1313



Contrast Enhanced Flair MRI

REFERENCES

1.

10.

11.

12.

Tai MLS, Nor HM, Rahmat K, Viswanath S, Kadir A, Ramli N, et
al. Neuroimaging findings are sensitive and specific in diagnosis
of tuberculous meningitis. Neurol Asia 2017; 22(1): 15-23.

Feng F, Xia B, Shi X, Zhang Z. Radiological characterization of
disseminated tuberculosis in patients with AIDS. Radiology
Infect Dis 2016; 3(1): 1-8.

Peter D Corr. Imaging in CNS Tuberculosis. Updated: 2018
[Internet] Avaiable from: https://emedicine.medscape.com/
article/344862-overview

Séez-Llorens X, McCracken GH. Bacterial meningitis in children.
Lancet 2003; 361(9375): 2139-48.

WHO. WHO Global Tuberculosis Report 2019. [Internet]
Avaiable from: https://www.who.int/tb/publications/ global
report/en/

Moghtaderi A, Alavi-Naini R, Rashki S. Cranial nerve palsy
as a factor to differentiate tuberculous meningitis from acute
bacterial meningitis. Acta Med Iran 2013; 51(2): 113-18.

Garg RK, Malhotra HS, Jain A. Neuroimaging in tuberculous
meningitis. Neurol India 2016; 64(2): 219-27.

Khatri GD, Krishnan V, Antil N, Saigal G. Magnetic resonance
imaging spectrum of intracranial tubercular lesions: one disease,
many faces. Pol ] Radiol 2018; 83(1): 628-39.

Sher K, Firdaus, Abbasi A, Bullo N, Kumar S. Stages of tuber-
culous meningitis: a clinicoradiologic analysis. ] Coll Physicians
Surg Pak 2013; 23(6): 405-08.

Hwang JH, Lee KM, Park JE, Kim HG, Kim EJ, Choi WS, et al.
Atypical cerebral manifestations of disseminated mycobac-
terium tuberculosis. Front Neurol 2017; 8(1): 462.

Raut T, Garg RK, Jain A, Verma R, Singh MK, Malhotra HS. Hy-
drocephalus in tuberculous meningitis: Incidence, its predictive
factors and impact on the prognosis. J Infect 2013; 66(4): 330-37.
Shaikh MA, Shah M. Criteria indicating morbidity in tuber-

13.

14.

15.

16.

17.

18.

19.

20.

Pak Armed Forces Med ] 2020; 70 (5): 1310-14

culous meningitis. ] Pak Med Assoc 2012; 62(11): 1137-39.
Alarcon F, Moreira J, Rivera J, Salinas R, Duefias G. Tuberculous
meningitis: do modern diagnostic tools offer better prognosis
prediction?. Indian ] Tuberc 2013; 60(1): 5-14.

Modi M, Goyal MK, Anumiti Jain A, Sawhney SS, Sharma K,
Vyas S, et al. Tuberculous meningitis: Challenges in diagnosis
and management: Lessons learnt from Prof. Dastur's article
published in 1970. Neurol India 2018; 66(6): 1550-71.

Azad R, Tayal M, Azad S, Sharma G, Srivastava RK. Qualitative
and quantitative comparison of contrast-enhanced fluid-atten-
uated inversion recovery, magnetization transfer spin echo, and
fat-saturation T1-weighted sequences in infectious meningitis.
Korean ] Radiol 2017; 18(6): 973-82.

Vaswani AK, Nizamani WM, Ali M, Aneel G, Shahani BK,
Hussain S. Diagnostic accuracy of contrast-enhanced FLAIR
magnetic resonance imaging in diagnosis of meningitis corre-
lated with CSF Analysis. ISRN Radiol 2014; 578986: 1-7.
Splendiani A, Puglielli E, de Amicis R, Necozione S, Masciocchi
C, Gallucci M. Contrast-enhanced FLAIR in the early diagnosis
of infectious meningitis. Neuroradiol 2005; 47(8); 591-98.
Mubarak F, Anwer SSM. Accuracy of hyperintense cerebro-
spinal fluid signals (CSF) on inversion recovery (IR) images of
brain in the diagnosis of meningitis - a cost effective experience
from third world country. Int Neuropsychiatr Dis J 2014; 2(6):
266-73.

Galassia W, Phuttharaka W, Hesselinka JR, Healya JF, Dietrich
RB, Imbesi SG. Intracranial meningeal disease: Comparison of
contrast-enhanced MR imaging with fluid-attenuated inversion
recovery and fat-suppressed T1l-weighted sequences. Am ]
Neuroradiol 2005; 26(3): 553-59.

Ahmad A, Azad S, Azad R. Differentiation in leptomeningeal
and vascular enhancement on post contrast FLAIR sequence:
Role in early Detection of Infectious Meningitis. ] Clin Diagn Res
2015; 9(1): TC08-12.

1314


https://www.sciencedirect.com/science/article/pii/S2352621116000024?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S2352621116000024?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S2352621116000024?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S2352621116000024?via%3Dihub#!
https://www.sciencedirect.com/science/journal/23526211/3/1
http://www.neurologyindia.com/searchresult.asp?search=&author=Ravindra+Kumar+Garg&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.neurologyindia.com/searchresult.asp?search=&author=Hardeep+Singh+Malhotra&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.neurologyindia.com/searchresult.asp?search=&author=Amita+Jain&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.frontiersin.org/people/u/440862
http://www.frontiersin.org/people/u/466380
http://www.frontiersin.org/people/u/471255
http://www.neurologyindia.com/searchresult.asp?search=&author=Manish+Modi&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.neurologyindia.com/searchresult.asp?search=&author=Manoj+Kumar+Goyal&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.neurologyindia.com/searchresult.asp?search=&author=Anumiti+Jain&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.neurologyindia.com/searchresult.asp?search=&author=Suhalika+Singhal+Sawhney&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.neurologyindia.com/searchresult.asp?search=&author=Kusum+Sharma&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.neurologyindia.com/searchresult.asp?search=&author=Sameer+Vyas&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.neurologyindia.com/searchresult.asp?search=&author=Sameer+Vyas&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.neurologyindia.com/searchresult.asp?search=&author=Sameer+Vyas&journal=Y&but_search=Search&entries=10&pg=1&s=0
https://www.ncbi.nlm.nih.gov/pubmed/?term=Azad%20R%5BAuthor%5D&cauthor=true&cauthor_uid=29089830
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tayal%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29089830
https://www.ncbi.nlm.nih.gov/pubmed/?term=Azad%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29089830
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sharma%20G%5BAuthor%5D&cauthor=true&cauthor_uid=29089830
https://www.ncbi.nlm.nih.gov/pubmed/?term=Srivastava%20RK%5BAuthor%5D&cauthor=true&cauthor_uid=29089830

