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Introduction: The two most 

neurocysticercosis (NCC) & tuberculoma. 

tuberculomas radiologically since they show the same imaging findings on computed 

tomography (CT). Hence, this study was performed to assess the r

Resonance Imaging (MRI) as an additional advanced modality to aptly characterize the 

lesion. Conventional MRI 

Weighted Imaging (DWI), 

Resonance Spectroscopy (

characterizing the lesion and  help in
 

 
Objectives: To compare the findings of diffusion weighted imaging, apparent diffusion 

coefficient cut off values, spectroscopy and contrast enhanced MRI in differentiating 

neurocysticercosis from tuberculoma.

 

Material and Methods:

Magnetic Resonance Imaging (MRI) of

channel, MR Scanner (Siemens® Magnetom Avanto®).  Following Imaging sequences 

were included -T1WI (Axial 

500 and 1000 mm2/s ‘b

Based on MRI features such as 

surrounding edema,  diff

values, enhancement pattern of lesions and spectroscopy findings, we evaluate

differentiated the lesions as neurocysticercosis or 

were correlated in terms
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ABSTRACT 

The two most common infectious causes of ring enhancing lesions

cosis (NCC) & tuberculoma. It is a challenge to differentiate 

tuberculomas radiologically since they show the same imaging findings on computed 

Hence, this study was performed to assess the r

Resonance Imaging (MRI) as an additional advanced modality to aptly characterize the 

MRI with additional advanced imaging sequences 

Weighted Imaging (DWI), Apparent Diffusion Coefficient (ADC), 

esonance Spectroscopy (MRS) and Post ContrastT1 weighted imaging 

the lesion and  help in differentiating NCC and tuberculomas.

To compare the findings of diffusion weighted imaging, apparent diffusion 

off values, spectroscopy and contrast enhanced MRI in differentiating 

neurocysticercosis from tuberculoma. 

ethods: Individuals who matched the inclusion criterion

Magnetic Resonance Imaging (MRI) of Brain ( Plain &Contrast ) 

channel, MR Scanner (Siemens® Magnetom Avanto®).  Following Imaging sequences 

T1WI (Axial &Sagittal), T2WI (Axial &Coronal), FLAIR

b’ values with corresponding ADC values & Single Voxel

Based on MRI features such as number, size, location, margins of lesions

diffusion weighted  imaging  features with corresponding ADC 

values, enhancement pattern of lesions and spectroscopy findings, we evaluate

lesions as neurocysticercosis or Tuberculoma. Radiological diagnosis 

were correlated in terms of clinical symptoms and response to treatment.

ring enhancing lesions are 

to differentiate NCC and 

tuberculomas radiologically since they show the same imaging findings on computed 

Hence, this study was performed to assess the role of Magnetic 

Resonance Imaging (MRI) as an additional advanced modality to aptly characterize the 

advanced imaging sequences like Diffusion 

pparent Diffusion Coefficient (ADC), Magnetic 

imaging aids in 

NCC and tuberculomas. 

To compare the findings of diffusion weighted imaging, apparent diffusion 

off values, spectroscopy and contrast enhanced MRI in differentiating 

inclusion criterion underwent 

( Plain &Contrast ) in 1.5 Tesla, 18 

channel, MR Scanner (Siemens® Magnetom Avanto®).  Following Imaging sequences 

), FLAIR, DWI at 0, 

Single Voxel MRS . 

gins of lesions, scolex,  

with corresponding ADC 

values, enhancement pattern of lesions and spectroscopy findings, we evaluated and 

Tuberculoma. Radiological diagnosis 

onse to treatment. 



 

 

 

Results: In our study,

neurocysticercosis cases were 25 (59.52 %) 

mean age of patients included

contrast imaging, all 25 cases

enhancement whereeas 

enhancement. On MR Spectroscopy, all 25 cases (100 %) of Neurocysticercosis 

showed amino acid peak and 

peak.  On DWI, out of 25 Neurocyst

in majority of cases (88 %) and

was present in 12 cases 

tuberculoma with central liquefaction

ADC value of NCC lesions

that of Tuberculoma 

obtained as cut-off to differentiate Neurocysticercosis and Tuberculoma. 

off value of 1.2 x 10-3 

differentiating Neurocysticercosis from Tuberculoma

 

Conclusions: Conventional MRI with additional advanced imaging sequence 

DWI, ADC, MRS and post contrast 

helps in differentiating NCC and tuberculomas. Hence, Multiparametric MRI 

assessment is useful in making a p

 
Key words: NCC, Tuberc

Spectroscopy. 
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In our study, 42 subjects were included of which total

neurocysticercosis cases were 25 (59.52 %) and tuberculoma were 17 (40.47 

mean age of patients included was 42.85 ± 14.76 years (21 to 78 years). On post 

, all 25 cases of Neurocysticercosis (100 %) showed 

whereeas majority of Tuberculomas (64.7%) showed thick irregular ring 

On MR Spectroscopy, all 25 cases (100 %) of Neurocysticercosis 

showed amino acid peak and all 17 cases (100 %) of Tuberculoma showed lipid lactate 

of 25 Neurocysticercosis cases, restriction of diffusion was 

88 %) and out of 17 cases of Tuberculoma, restriction 

cases (70.5 %) (T2 hyperintense tuberculoma, indicative of caseating 

loma with central liquefaction) and was absent in the rest. In our study, mean 

lesions (1.30 ±0.137 x 10-3 mm2/s) was found to be greater than 

 (0.74 ±0.090 x 10-3 mm2/s). ADC value of 

off to differentiate Neurocysticercosis and Tuberculoma. 

 mm2/s showed sensitivity of 92 % and specificity of 

ocysticercosis from Tuberculoma.  

Conventional MRI with additional advanced imaging sequence 

and post contrast T1WI aids in characterizing the lesion and thereby 

helps in differentiating NCC and tuberculomas. Hence, Multiparametric MRI 

is useful in making a prompt diagnosis and eliminating the need for biopsy. 

NCC, Tuberculoma, Diffusion weighted Imaging, ADC values, MR    

total number of 

17 (40.47 %). The 

to 78 years). On post 

(100 %) showed thin ring 

hick irregular ring 

On MR Spectroscopy, all 25 cases (100 %) of Neurocysticercosis 

all 17 cases (100 %) of Tuberculoma showed lipid lactate 

estriction of diffusion was absent 

restriction of diffusion 

tuberculoma, indicative of caseating 

In our study, mean 

was found to be greater than 

of 1.2 x 10-3 was 

off to differentiate Neurocysticercosis and Tuberculoma. The ADC cut 

sensitivity of 92 % and specificity of 94.1 % in 

Conventional MRI with additional advanced imaging sequence likes 

aids in characterizing the lesion and thereby 

helps in differentiating NCC and tuberculomas. Hence, Multiparametric MRI 

the need for biopsy.  

loma, Diffusion weighted Imaging, ADC values, MR     
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INTRODUCTION 

The two most common granulomatous lesions encountered in India are tuberculomas 

and NCC which are also the two most common causes of ring-enhancing lesions on CT 

and MRI.1 

Tuberculosis is caused by Mycobacterium tuberculosis. The most common form of 

central nervous system (CNS) tuberculosis is tuberculoma.2,3CNS tuberculomas are 

difficult to diagnose and because of their vague symptoms, early radiological diagnosis 

is essential.3 Biopsy with histopathological analysis provides a definitive diagnosis but 

it is only used when non-invasive methods are not conclusive.4 

Neurocysticercosis is endemic in many underdeveloped countries.5, 6 The larval stage of 

the pig tapeworm, Taenia Solium causes cysticercosis.7,8 Symptoms such as seizures 

and/or headaches are seen in cysticercosis.9 

Patients with suspected CNS tuberculoma and NCC should be evaluated with CT and 

MRI scan of the brain.10 It is a challenge to differentiate NCC and tuberculomas on 

computed tomography (CT) since they show similar imaging findings. Hence, this 

study was performed to assess the role of Magnetic Resonance Imaging (MRI) as an 

additional advanced modality to aptly characterize the lesion. The morphological and 

anatomical details of these lesions can be revealed by conventional MRI. In 

conventional MRI, the number, size, shape, location, wall thickness of lesions, presence 

of scolex, extent of surrounding edema can be assessed which would help in 

characterizing both these granulomatous lesions.11 

In addition to the conventional MRI sequences, MRI sequences such as T1 W post 

contrast sequence, Diffusion Weighted Imaging (DWI), Apparent Diffusion Coefficient 

(ADC) and Magnetic Resonance Spectroscopy (MRS) alone or in combination help in 
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further characterization and differentiation of these granulomatous ring enhancing 

lesions. 

Diffusion-weighted imaging (DWI) is a form of MR imaging based upon measuring the 

random Brownian motion of water molecules within a voxel of tissue. DWI would 

increase the possibility of accurate diagnosis and differentiation of NCC and 

Tuberculoma as it is based on restriction of water molecules by lesion. ADC is a 

quantitative measurement of diffusion derived from DWI. In lesions with hampered 

diffusion, ADC value will be low and in lesions where is free movement of water 

molecules without restriction, ADC value will be high. 

MR Spectroscopy is a non-invasive MR sequence that has been used to study metabolic 

changes in neuroinfection, seizure disorders, brain tumors, strokes, Alzheimer's disease, 

depression and other diseases affecting the brain. It provides additional biochemical 

information of the lesion. MRS can help in differentiating granulomatous ring 

enhancing conditions like Tuberculoma and NCC as specific peaks are found on MRS 

in Tuberculoma and NCC. 

This study was performed to assess the role of Multiparametric Magnetic Resonance 

Imaging (MRI) in aptly differentiaiting Neurocysticercosis and Tuberculomas. 
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NEED FOR THE STUDY 

In developing countries, Neurocysticercosis (NCC) and Tuberculoma are the two most 

common infectious causes of ring enhancing lesions. The differentials of ring enhancing 

lesions include both neoplastic and non-neoplastic causes and differentiating these 

lesions are a diagnostic problem in neuroimaging.12 Tuberculoma and 

Neurocysticercosis are common causes of acquired seizures in the developing countries 

especially in pediatric population.13 

 NCC is caused by the larval stage of Taenia solium (pork tapeworm). NCC has 

four different stages- the vesicular, colloidal vesicular, granular nodular and nodular 

calcified which are recognized on imaging.  

Tuberculosis is caused by Mycobacterium tuberculosis. The most common form of 

central nervous system (CNS) tuberculosis is tuberculoma.14 

 It is a challenge to differentiate NCC and tuberculomas radiological since they 

show the same imaging findings on computed tomography (CT). Hence, an additional 

modality is required to aptly characterize the lesions. Conventional MRI with additional 

imaging sequences like diffusion weighted imaging (DWI), apparent diffusion 

coefficient (ADC), magnetic resonance spectroscopy (MRS) and post contrast T1 

weighted imaging aids in characterizing the lesion and thereby helps in differentiating 

NCC and tuberculomas for appropriate treatment.15 MRS can provide additional 

biochemical information of the lesion and DWI would increase the possibility of 

accurate diagnosis as it is based on restriction of water molecules by lesion.16



 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

     AIMS AND  
    OBJECTIVES 
 

 



 
 

[Type text] Page 4 
 

 

AIMS AND OBJECTIVES 

 

 To compare the findings of diffusion weighted imaging, Apparent Diffusion 

Coefficient cut off values, Spectroscopy and contrast enhanced MRI in 

differentiating Neurocysticercosis from Tuberculoma. 
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Ring Enhancing Lesions in CNS: 

One of the most common abnormalities in neuroimaging is multiple ring-enhancing 

lesions. These lesions are found on CT and MRI, two imaging methods that are 

widely available. Multiple ring-enhancing lesions in the brain may be caused by a 

variety of different etiologies.17,18These lesions appear as iso- to hypodense or 

hypointense lesions on plain CT or MRI. Following injection of contrast, the area of 

hypodensity or hypointensity shows a ring- or homogenous disc-like enhancement. 

The enhancing lesions typically have different sizes and varying degrees of peri-

lesional edema around them and are generally seen adjacent to the grey-white matter 

junction.19 

Multiple ring-enhancing lesions in the brain can be caused by viral, neoplastic, 

inflammatory or vascular diseases. It can be caused by a variety of brain tumours, 

including low-grade gliomas, glioblastomas, brain metastases and lymphomas. Other 

conditions include pyogenic abscess, tuberculosis, cysticercosis, toxoplasmosis, 

radiation encephalopathy, demyelinating illnesses, neurosyphilis, and a number of 

other vasculitic conditions.20, 21  

The two most common causes of ring-enhancing lesions on CT and MRI are 

tuberculomas and NCC which are also the two most common granulomatous lesions 

encountered in India.1 

 

Imaging techniques in cerebral ring enhancing lesions: 

Role of computed tomography (CT)  

Computed tomography (CT) is a diagnostic imaging test used to create detailed 

images of internal organs. The cross-sectional images generated during a CT scan can 

be reformatted in multiple planes, and can even generate three-dimensional images 
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which can be viewed on a computer monitor, printed on film or transferred to 

electronic media.22 

On Plain CT, granulomatous infectious diseases like NCC and tuberculoma can be 

identified as iso-hypodense parenchymal lesions. Calcifications can also be identified 

on plain CT. On contrast enhanced computed tomography, these appears as iso-

hypodense ring enhancing lesions with varying degrees of peri-lesional edema. 

However, the use of CT in differentiating neurocysticercosis from tuberculoma is 

limited and MRI is considered superior for the same.22 

 

Role of magnetic resonance imaging (MRI): 

MRI is a non-invasive method of mapping the internal structure and certain aspects of 

function within the body . It uses non-ionizing electromagnetic radiation with no risk 

of exposure related hazard. It uses radio frequency (RF) radiation in the presence of 

precisely controlled magnetic fields to generate high-quality cross-sectional figures of 

the body in any plane. The MR image is created by placing the patient inside a large 

magnet that generates a relatively strong external magnetic field. This causes the 

nuclei of many atoms in the body, including hydrogen, to align with the magnetic 

field, and the RF signal to be applied later. The body emits energy, which is detected 

and used by the computer to create the MR image.23 

 

Multiparametric MRI Protocol 

The morphological and anatomical details of these lesions can be revealed by 

conventional MRI. Conventional MRI sequences include T1WI, T2WI and FLAIR 

sequences. In addition to these conventional MRI sequences, Multiparametric MRI 

protocol includes sequences like Post contrast T1W, and Diffusion-Weighted Imaging 
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(DWI), Apparent diffusion co-efficient (ADC) sequence and Magnetic Resonance 

Spectroscopy (MRS).23 

Multiparametric MRI protocol includes : 

 T1W axial and saggital  

 T2W axial and coronal 

 FLAIR axial and saggital  

 Axial Diffusion-weighted Imaging (DWI) at 0, 500 and 1000 mm2/s b values 

with corresponding ADC values. 

 Post contrast T1W 3D axial MPRAGE. Contrast used will be gadolinium in 

the dose of 1.5ml/Kg. 

 Single Voxel Spectroscopy- Performed using chemical shift imaging. 

 

T1 Weighted Imaging : 

It is the most frequently employed MR sequence. Images are produced using Short TE 

and TR timings. T1 weighted images are used mostly to evaluate the normal 

anatomy.23  Ring enhancing granulomatous lesions like Tuberculoma and NCC appear 

as iso-hypointense parenchymal lesions in this sequence. 

 

T2 Weighted Imaging : 

T2W imaging is included in standard MRI protocol. In order to obtain T2-weighted 

images, longer TE and TR durations are used. T2W images with FS will enable easy 

visualization of cystic lesion in the brain. T2W images without FS allows better 

depiction of the lesion morphology.23 For example, while evaluating granulomatous 

lesions like tuberculoma, the signal intensity of core of the lesion is important. 

Caseating granulomas with central liquefaction appear hyperintense on T2 Weighted 
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images and caseating granulomas without central liquefaction appear hypointense on 

T2 Weighted images. 

 

Flair sequence :  

Another widely used sequence is fluid attenuated inversion recovery (FLAIR). When 

compared to a T2-weighted images, the TE and TR timings of the Flair sequence are 

much longer.  

Brain tissue on FLAIR images appears similar to T2 weighted images with grey 

matter brighter than white matter but CSF is dark instead of bright. As a result, any 

abnormalities or lesions remain visible. This sequence helps in easy distinction 

between CSF and an abnormality and is highly sensitive to disease or lesion 

detection.23 This sequence is also helpful in the detection of peri-lesional edema. 

Table 1: Most common MR sequences and their TE and TR durations 

 TR (msec) TE (msec) 
T1-Weighted 
(short TR and TE) 

500 14 

T2-Weighted 
(long TR and TE) 

4000 90 

Flair 
(very long TR and TE 

9000 114 

 

Contrast-Enhanced MR Imaging: 

 Prior to the delivery of contrast material, a native T1W sequence should be 

obtained. Contrast should be given at a max dose of 0.1 mmol/kg body weight. These 

post-contrast images are mostly used for lesion detection. For MR imaging of the 

CNS, gadolinium-based contrast agents are injected. These agents have the capacity 

to momentarily aggregate in regions with a compromised blood-brain barrier (BBB), 

which causes visible contrast enhancement.24 
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sequence & its corresponding values. 

The use of spin diffusion measurements in MRI by Le Bihan and Breton in 1985 

resulted in a new technique known 

molecular movement within tissue is quantified by DWI

microstructure of tissue and its cellular density. 
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Figure 
 

 

 

Smooth and thin ring enhancements are seen in organising absces

granulomatous lesions like Neurocysticercosis whereas thick, uneven and nodular

to a necrotic tumour or another granulomatous ring enhancing 

lesion like Tuberculoma. Other patterns of enhancement include incomplete ring 

enhancement which is seen in demyelinating conditions. 24 

Diffusion Weighted MR Imaging, Apparent diffusion co-efficient (ADC) 

its corresponding values.  

The use of spin diffusion measurements in MRI by Le Bihan and Breton in 1985 

resulted in a new technique known as 'diffusion-weighted' imaging. The random water 

molecular movement within tissue is quantified by DWI which is infl

tissue and its cellular density. Normal tissue without restriction of 

diffusion appears darker in diffusion images and damaged tissue with restricted 

rs brighter in diffusion images. 

gure 1: Schematic representation of DWI. 
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The apparent diffusion coefficient

molecules, is used in diffusion weighted MRI to study the diffusion of water in

tissues. Each tissue voxel's ADC is determined, and the signal intensity is a

based on this ADC value, to produce ADC maps.

with pathology) has a low ADC and appears darker (low signal) 

tissue with no restriction has 

ADC is a quantitative measurement of 

expressed in 10−3 mm2 /s. Because of the hampered diffusion in carcinomas

lesions with liquefactive necrosis like Tuberculomas

(range: 0.7–1.2 ×10−3mm2 /s) compared with to that of benig

granulomatous lesions like NCC

Figure 2: Schematic representation of Signal intensity of DWI and ADC in 

diffusion restriction, increased diffusion

 

Magnetic Resonance Spectroscopy

Magnetic resonance (MR) spectroscopy is 

metabolic changes in the brain

beneath each peak denoting the relative concentration of nuclei seen for a particular 

chemical species. The frequency shift localising the metabolite is indicated on 

axis in parts per million. 

 

 

The apparent diffusion coefficient (ADC), which is the net displacement of 

molecules, is used in diffusion weighted MRI to study the diffusion of water in

Each tissue voxel's ADC is determined, and the signal intensity is a

based on this ADC value, to produce ADC maps. In ADC maps, restricted tissue (i.e. 

with pathology) has a low ADC and appears darker (low signal) whereas 

tissue with no restriction has high ADC.25 

ADC is a quantitative measurement of diffusion derived from DWI. Values are 

mm2 /s. Because of the hampered diffusion in carcinomas

tive necrosis like Tuberculomas, mean ADC is generally low 

mm2 /s) compared with to that of benign lesions

granulomatous lesions like NCC (range: 1.2–1.8 ×10−3 mm2 /s). 25 

Figure 2: Schematic representation of Signal intensity of DWI and ADC in 

diffusion restriction, increased diffusion 

agnetic Resonance Spectroscopy (MRS) 

Magnetic resonance (MR) spectroscopy is an MRI sequence that can measure 

lic changes in the brain. MRS data is presented as line spectra, with the area 

beneath each peak denoting the relative concentration of nuclei seen for a particular 

chemical species. The frequency shift localising the metabolite is indicated on 

 A volume of interest (VOI; voxel) is chosen for MRS using 
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Figure 2: Schematic representation of Signal intensity of DWI and ADC in 

that can measure 

presented as line spectra, with the area 

beneath each peak denoting the relative concentration of nuclei seen for a particular 

chemical species. The frequency shift localising the metabolite is indicated on the x-
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the acquired picture, and the field therein is further refined using a technique called 

shimming. Then, by suppressing their specific frequency band, the H2O protons 

within the VOI are rendered silent (termed water

switching magnetic field arrangement from an MRI scan is then used to acquire 

frequency profile or spectrum

composition of the sample because frequency is a measure of chem

 

Figure 3: Normal brain proton MR spectroscopy obtained in a healthy 

Different lesions show different MR Spectroscopy peaks. Based on the peak, we can 

differentiate different cerebral lesions. For example, the presence of choline peak 

points towards a tumour, amino acid peaks 

NCC and lipid lactate peak points towards tuberculoma.

 

 

 

 

the acquired picture, and the field therein is further refined using a technique called 

Then, by suppressing their specific frequency band, the H2O protons 

within the VOI are rendered silent (termed water suppression). The identical 

switching magnetic field arrangement from an MRI scan is then used to acquire 

frequency profile or spectrum. The spectrum is a typical outcome of the metabolite 

composition of the sample because frequency is a measure of chemical structure.

: Normal brain proton MR spectroscopy obtained in a healthy 

volunteer. 

Different lesions show different MR Spectroscopy peaks. Based on the peak, we can 

differentiate different cerebral lesions. For example, the presence of choline peak 

points towards a tumour, amino acid peaks such as acetate or succinate point towards 

nd lipid lactate peak points towards tuberculoma. 
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the acquired picture, and the field therein is further refined using a technique called 
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. The spectrum is a typical outcome of the metabolite 

ical structure.24 

 

: Normal brain proton MR spectroscopy obtained in a healthy 

Different lesions show different MR Spectroscopy peaks. Based on the peak, we can 

differentiate different cerebral lesions. For example, the presence of choline peak 

point towards 



 

 

Tuberculosis: 

The most common infectious cause of death globally is Mycobacterium tuberculosis,

which causes tuberculosis (TB)

Inhalation of M. tuberculosis

the lungs, results in one of 

● Primary disease: the first instance of an active illness

● Reactivation disease: 

of dormant infection.26 Reactivation is more likely in patients with

medical problems.27 

Figure 4
 

 

Epidemiology of tuberculosis:

M. tuberculosis is thought to infect more than 1.7 billion individuals

approximately 22% of the world's population

worldwide in 2003 and has since been progressively declining.

incidence of TB in India is 305/100,000, 

Survey (NFHS-4). Compared to the current figures, the true prevalence of 

tuberculosis in India is probably 

due to undiagnosed cases

 

 

The most common infectious cause of death globally is Mycobacterium tuberculosis,

which causes tuberculosis (TB). M. tuberculosis' natural reservoir is the human host. 

culosis-containing aerosol droplets, followed by deposition in 

the lungs, results in one of two outcomes: 

Primary disease: the first instance of an active illness 

Reactivation disease: Appearance of active disease several years 

Reactivation is more likely in patients with HIV and other 

 
Figure 4: Mycobacterium Tuberculosis30 

of tuberculosis: 

M. tuberculosis is thought to infect more than 1.7 billion individuals

22% of the world's population. The prevalence of TB peaked 

worldwide in 2003 and has since been progressively declining.28 The self

in India is 305/100,000, as per data from the National Family Health 

Compared to the current figures, the true prevalence of 

tuberculosis in India is probably higher. This may be due to underreporting

due to undiagnosed cases.29 
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The most common infectious cause of death globally is Mycobacterium tuberculosis, 

. M. tuberculosis' natural reservoir is the human host. 

containing aerosol droplets, followed by deposition in 

years after a period 

HIV and other 

M. tuberculosis is thought to infect more than 1.7 billion individuals and 

The prevalence of TB peaked 

The self-reported 

from the National Family Health 

Compared to the current figures, the true prevalence of 

underreporting of cases or 
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Etiopathogenesis: 

When the tubercle bacteria are transported in droplets small enough to enter the 

alveolar space, they cause infection in the lungs (5 to 10 microns). When in the lungs, 

macrophages secrete cytokines and chemokines that draw in neutrophils, monocytes, 

and other alveolar macrophages. These phagocytic cells eventually join together to 

create a tubercle, which is a nodular granulomatous structure. If the bacterial growth 

is not controlled, the tubercle will grow and eventually the bacteria will enter the 

adjacent draining lymph nodes. As a result, lymphadenopathy, a classic indication of 

primary TB, appears. The lesion (called Ghon focus) produced by the extension of the 

tubercle into the lung parenchyma along with lymph node enlargement and 

calcification  together comprise the Ranke complex.30 

In majority ( 90%)  of the exposed and infected people, the bacilli continues to 

multiply until an efficient cell-mediated immune (CMI) response develops, often 3 to 

11 weeks after first infection. The host's inability to develop a potent CMI response 

may result in progressive lung deterioration. Reactive oxygen and nitrogen 

intermediates, Tumor necrosis factor (TNF)-alpha, as well as cytotoxic cell 

components (granzymes, perforin), which are responsible for killing M. tuberculosis, 

may also result in collateral host cell damage and the formation of caseating 

necrosis.30 

Undiagnosed or untreated bacterial growth can cause bacilli to spread 

hematogenously and cause disseminated TB. Miliary TB is the word used to describe 

a widespread illness with lesions that resemble millet seeds. In up to 80% of cases, 

death results from lack of care.31 The other patients either develop a chronic illness or 

recover. Rarely do the bacilli completely disappear spontaneously. 
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Figure 5 : Schematic representation of Bacilli reaching the lungs provoking a 

host immune response 32 

Step 1- Bacilli reaching the lungs; step 2- provoking a host immune response          

Step 3 -  Granuloma formation ; step 4a- Suppression of infection in latent stage     

Step 4b- Reactivation resulting in an active disease state in which the disease can 

spread to other individuals. 

 

 
CNS Tuberculosis: 

Approximately 1 to 5 percent of patients with tuberculosis develop CNS TB.32 This 

isseen in regions where there is high rate of post-primary spread of Tuberculosis 

among children and young people. A major risk factor for CNS TB is HIV.33 The 

presence of HIV infection raises the probability of CNS involvement in patients by 

five times compared to those patients without HIV infection; this risk is significantly 

higher in those patients with low CD4 counts.34, 35 
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Figure 6: Pathogenesis of CNS tuberculosis37 

TBM pathogenesis and the theory behind Rich foci development. 

(a) The MTB aerosol transmission chain, (a) Alveolar macrophages in alveoli 

phagocytose MTB. (c) The development of granulomas in the lungs, which are 

then brought on by cellular and cytokine network responses; 90% of hosts who 

develop granulomas do so during the course of their lives. (d) In 10% of people 

with latent TB, MTB escapes from the granuloma. (e) MTB may escalate from 

the lung or undergo a secondary reactivation from a "leaked granuloma," which 

is then filtered into a local lymph node, to develop TBM. (f) MTB can enter the 

CNS across the BBB after spreading through the bloodstream (g) Bacilli attach 

to the brain parenchyma or meninges and produce subpial or sub-ependymal 

primary complexes. 
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Spectrum of intracranial tuberculosis:  

Intracranial tuberculosis can be broadly divided into meningeal and parenchymal 

patterns of involvement as under 36 

I ) Meningeal tuberculosis II) Parenchymal Tuberculosis 

a)  Leptomeninges a) Cerebritis  

b) Pachymeningitis  b) Abscess 

 c) Rhombencephalitis 

 d) Encephalopathy 

 e) Tuberculoma 

 

Table 2: Meningeal and parenchymal patterns of involvement of intracranial 

tuberculosis 

 

I) Meningeal tuberculosis  

a) Tubercular leptomeningitis  

Tubercular leptomeninges is the most typical pattern of complication of CNS TB. The 

"Rich focus," a subpial (rarely subependymal) focus of infection bursts into the 

subarachnoid space causing an inflammatory reaction.  

            The most frequent finding on MRI is diffuse leptomeningeal enhancement 

involving the affected areas. The leptomeningeal enhancement shows a distinctive 

predilection to involve the basal cisterns in TB, particularly the peri-mesencephalic, 

interpeduncular, prepontine, and suprasellar cisterns. It frequently extends over the 

floor of the third ventricle, the anteromedial surface of the temporal lobes and along 

the sylvian fissures. 

 

 

 



 

 

b) Tubercular pachymeningitis 

Compared to tubercular leptomeningitis, tubercular pachymeningitis is 

It is distinguished on MRI by

FLAIR sequence with intense 

simple in situations where there ar

tuberculoma. However, it could be challenging to distinguish the condition from other 

causes of pachymeningitis 

Wegener's granulomatosis

 
F

a, b Basal exud

a) Contrast-enhanced CT scan demonstrates an intense enhancement of the 

basal meninges. Note the widening of the temporal horns, due to communicating 

hydrocephalus. b) Axial gadolinium

demonstrates marked enhancement in the basal

 

 

 

 

 

Tubercular pachymeningitis  

Compared to tubercular leptomeningitis, tubercular pachymeningitis is 

It is distinguished on MRI by focal or widespread dural thickening visualized on 

intense post-contrast dural enhancement. The diagnosis is 

situations where there are other tuberculosis related pathologies like CNS 

, it could be challenging to distinguish the condition from other 

pachymeningitis such neurosarcoidosis, autoimmune diseases (

matosis) and neurosyphilis.36 

Figure 7: Meningeal tuberculosis36 

a, b Basal exudative tuberculous meningitis. 

enhanced CT scan demonstrates an intense enhancement of the 

basal meninges. Note the widening of the temporal horns, due to communicating 

Axial gadolinium-enhanced T1-weighted MR image 

demonstrates marked enhancement in the basal subarachnoidal cisterns
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Compared to tubercular leptomeningitis, tubercular pachymeningitis is not common. 

visualized on 

The diagnosis is 

e other tuberculosis related pathologies like CNS 

, it could be challenging to distinguish the condition from other 

such neurosarcoidosis, autoimmune diseases (example 

 

enhanced CT scan demonstrates an intense enhancement of the 

basal meninges. Note the widening of the temporal horns, due to communicating 

weighted MR image 

subarachnoidal cisterns 
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II) Parenchymal tuberculosis  

a) Tubercular cerebritis 

“Cerebritis refers to involvement of a focal area of brain parenchyma in the infective 

process. It is recognised on MRI as a focal area of gyral swelling and enhancement. In 

contrast to normal parenchyma, on T1W images, gyri appear hypointense, while on 

T2W images, they appear hyperintense and exhibit patchy post-contrast 

enhancement.36 

 

b) Tubercular abscess 

A tubercular abscess occurs in less than 10% of cases. It is more commonly seen in 

older patients as well as patients with compromised immune systems. There are two 

theories regarding the formation of tubercular abscesses. In the first, tubercular 

cerebritis is hypothesised to occur, whereas in the second, tuberculomas are thought to 

liquefy.36 

On imaging, they appear as a large, well-defined, localised lesions that usually 

measures more than 3 cm with mass effect. Peri-lesional edema will be present. The 

wall of abscess is typically thin and smooth. Frequently, the abscess's contents exhibit 

hypointensity on T1W, heterogenous hyperintensity on T2W, and different degrees of 

suppression on FLAIR. DWI often exhibits restricted diffusion with low apparent 

diffusion coefficient (ADC) values. Sometimes it can be difficult to distinguish 

between a tubercular abscess and a caseating tuberculoma with liquefaction.36 
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Figure 8: Tubercular abscess36 

 

A) T1W Post contrast axial MR images- Irregular hypointense lesion with a thin 

rim of peripheral enhancement in right temporal lobe and insular cortex.  

B) T1W axial MR images– Lesion appears hypointense.  

C) DWI axial MR images - The lesion shows diffusion restriction  

d) T2W axial MR images- Lesion is heterogeneous in signal intensity in this 

sequence. These findings were suggestive of tubercular abscess in right temporal 

lobe and insular cortex. 
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c) Tuberculous rhombencephalitis  

Tuberculous rhombencephalitis is a rare pattern of neurotuberculosis encompassing   

< 5% of the cases, although it is more frequent in patients with AIDS (~25%). 

Patients usually present with cerebellar symptoms or focal neurological deficits of 

cranial nerve palsies pointing to brainstem involvement. There is primary 

involvement of the cerebellum and brainstem (hindbrain). It is generally in the form 

of tuberculomas involving the parenchyma of the hindbrain and is frequently 

associated with leptomeningitis involving the basal cisterns. Associated inflammatory 

edema can be visualised as T2W/FLAIR hyperintensity with swelling of the 

brainstem structures. The hallmark of this condition is the high incidence of 

associated complications such as cranial nerve palsies (leading to focal neurological 

deficits) and hydrocephalus.36 

 

d) Tubercular encephalitis  

This typically occurs in young children with onset of seizures, altered sensorium, 

stupor, and coma without signs of meningitis. Pathologically, extensive white matter 

injury and perivascular de-myelination is present in the brain parenchyma. On MRI, 

extensive cerebral edema is found, with unilateral or bilateral extensive T2W/FLAIR 

hyperintensity. Diffuse post-contrast enhancement of the involved white matter may 

be seen. It has a poor prognosis, with death usually occurring within one to two 

months of onset.36 
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e) Tuberculoma: 

Conglomerate caseous foci called tuberculomas form inside the brain parenchyma 

from tubercles that were acquired during an episode of bacillemia. These are the 

outcome of an extensive inflammatory process. Although they can develop in the 

cord, tuberculomas usually develop in the brain. In underdeveloped nations, 

tuberculomas are more prevalent, especially in children.37 

 

Clinical manifestations: 

The most typical features include seizures and/ or headaches in adults. More serious 

symptoms include drowsiness, hydrocephalus and altered mental status.38,39 In 

children, common symptoms are fever, headache, seizures, nausea and vomiting. If 

there is accompanying meningitis, there will be clinical symptoms of meningitis.40 

Sometimes, in the absence of meningitis, tuberculoma may be asymtopmatic.41,42 

 

Pathogenesis: 

The lesions are often granulomatous, have a necrotic centre surrounded by 

lymphocytes, astrocytes, and epithelioid cells (which combine to create Langhans 

giant cells).43, 44 On contrast  enhanced computed tomography, the tubercles become 

organised throughout witha rim of connective tissue made of reticulin fibres 

surrounding them.45 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9 : Illustration of Tuberculoma with caseous necrotic center

 

There are four stages of Tuberculoma

A. Non caseating granuloma, 

B. Caseating granuloma, 

C. Caseating granuloma with central liquefaction,

D. Calcified granuloma.
 

 

 

 

 

 

 

 

Illustration of Tuberculoma with caseous necrotic center

Tuberculoma 37 

caseating granuloma,  

granuloma,  

granuloma with central liquefaction, 

granuloma.  
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Illustration of Tuberculoma with caseous necrotic center4 
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IMAGING IN TUBERCULOMA 
 

Tuberculomas are round to oval lesions that range in diameter from 2 - 10 cm. They 

are usually well-defined with varying degrees of peri-lesional edema. In some 

instances, authors have noted racemose patterns that are comparable to NCC.46,47 

Other observations may include peri-lesional edema (33%), mass effect 

(18%),enhancement of the meninges (12%), calcification (10%), and cortical and 

subcortical infarcts (12%).48,49 

 

In a study done by Wasay M. et al50, it was noted that around 30 % of patients had a 

single lesion, and approximately 70 % had numerous lesions. Lesions ranged in 

number from one to more than hundred (mean = four lesions per patient). 

Tuberculomas had a width that varied from 2 mm to approximately 6 cm. The lesions 

larger than 1.5 cm may show irregular, nodular rim enhancement on post contrast 

study. 50 

 

CT Appearance of Tuberculoma: 

Some writers believe that tuberculoma can be distinguished by the presence of a ring 

of enhancement surrounding a nidus of calcification known as the “target sign”. 51 

Early-stage tuberculomas can be detected on contrast computed tomography imaging 

as isodense or low density lesions, frequently with edema that is not proportional to 

the mass effect.52In the later stages, tuberculomas are well defined, iso- hyperdense 

lesion with peripheral ring enhancement. The enhancement can be irregular nodular 

ring enhancement.53 
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Figure 10: Target sign in Tuberculoma 

Axial CECT Brain image showing a central calcific nidus with surrounding rim 

enhancement (arrow) giving the “target sign” 52 

 

MRI appearance of Tuberculoma  

Depending on whether a tuberculoma is non-caseating, caseating with a solid centre, 

or caseating with a liquefied centre, the lesion's features change .48 

Caseating tuberculoma are generally composed of three zones- an inner T1W iso-

intense and T2WI hypo-intense layer image due to caseous necrosis.49 The middle 

layer appears as hypo-intense on T1WI and hyperintense on T2WI due to the presence 

of Langhans giant cells and epithelioid cells and an external layer which shows T1W 

iso-intense and T2W hypo-intense signals due to the collagenous capsule.49, 50 

Non-caseating tuberculomas, images usually show slight hypo-intensity on T1-WI 

and hyperintensity on T2-WI.51 
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Table 3: MRI imaging features of different stages of Tuberculoma. 36 

Lesion T1W T2W FLAIR DWI T1WCE 

Non 
caseating 

granuloma 

Iso- to 
hypointense 

Hyperintense 
No 

suppression 
No 

restriction 
Homogeneous 
enhancement 

Caseating 
granuloma 

Iso- to 
hypointense with 
hyperintense rim 

Hypointense 
No 

suppression 
No 

restriction 

Homogeneous 
or ring 

enhancement 

Caseating 
granuloma 

with 
central 

liquefaction 

Isointense to 
hypointense with 
hyperintense rim 

Hypointense rim 
with central 

hyperintensity 

Partial 
suppression 

May or may 
not show 
restriction 

Ring 
enhancement 

Calcified 
granuloma 

Iso- to 
hypointense 

Hypointense 
No 

suppression 
No 

restriction 
No 

enhancement 

 

 

Role of Post contrast T1W sequence: 

Post contrast MRI helps in visualising the degree of edema as well as soft tissue 

involvement of lesions.38After contrast, both caseating as well as non-caseating 

tuberculomas show ring enhancement and range in size from approximately 3 mm to 

6 cm. Larger lesions (>1-1.5 cm) show irregular, nodular ring enhancement.52 

 



 

 

Figure 11: Axial contrast enhanced T1 Weighted

tuberculomas with accompanying meningitis
 

Figure 12: Axial contrast enhanced T1 Weighted

tuberculomas with accompanying meningitis

 

 

Figure 11: Axial contrast enhanced T1 Weighted MR images showing 

tuberculomas with accompanying meningitis58 

 

Axial contrast enhanced T1 Weighted MR images showing

tuberculomas with accompanying meningitis58 
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showing multiple     

 

showing multiple  



 
 

 Page 27 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13 : Magnetic resonance imaging appearance of tuberculoma based on 

different stage of maturation52 

(A) A non-caseating granuloma (arrow), isointense on T1-weighted and 

hyperintense on T2-weighted images, with nodular homogenous post contrast 

enhancement. (B) A caseating solid granuloma (arrow), isointense on T1-

weighted and strikingly hypointense on T2-weighted images with rim 

enhancement on post contrast image. (C) A caseating granuloma (arrow) with 

central liquefaction, hypointense on T1-weighted and hyperintense on T2-

weighted images with peripheral hypointense rim of collagenous capsule. The 

lesion shows rim enhancement after contrast. A variable degree of vasogenic 

oedema is present in all the 3 stages 
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Diffusion Weighted Imaging: 

DWI is an MRI sequence for identifying infectious processes, although it is limited in 

tuberculomas with liquid necrosis as opposed to those with solid necrosis 

Tuberculomas can be divided into two groups on the basis of their T 2W morphology.  

 

T2 hyperintense lesions, suggestive of central liquefaction necrosis show 

hyperintensity on DWI with reduced ADC values. Caseating granulomas without 

central liquefaction which appear hypointense on T2WI showed no restriction of 

diffusion on DWI with high ADC values. 52 

 

There are only a few papers that describe the DWI appearance of tuberculomas in 

brain. In two individuals with multiple tuberculomas, Kaminogo et al.54 reported 

hyperintense DWI signal intensity in the core of the lesions. The lesions had low 

ADC values, which varied from 0.58 to 1.086 x 10-23mm2/s. However, in a different 

case report, Basoglu et al.55 discovered that lesions were isointense and had normal 

ADC values. 

 



 

 

Figure 14: MRI DWI and ADC images of non

A) T2 hypointense , non 

restriction of diffusion on DWI with high 

caseating granuloma revealed increased signal intensity cores on DWI 

ADC values 

 

 

 

 

 

MRI DWI and ADC images of non-caseating and caseating 

granuloma in Tuberculoma52 

non caseating granuloma with solid centre shows no 

restriction of diffusion on DWI with high ADC values. B) T2 hyperintense, 

caseating granuloma revealed increased signal intensity cores on DWI 
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caseating and caseating 

caseating granuloma with solid centre shows no 

B) T2 hyperintense, 

caseating granuloma revealed increased signal intensity cores on DWI with low 
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MR Spectroscopy: 

MRS can provide information on the biochemical processes occurring in the central 

nervous system. The chemical makeup of the brain is revealed by proton MRS. Gupta 

et al. have identified distinct lipid peaks that correlate to methylene, terminal methyl 

& fatty acyl chain components.56 

 

The MR spectral pattern of intracranial tuberculomas is characterised by a 

predominance of lipid peaks. The lipid peaks are seen at 0.9, 1.3, 2.0 and 2.8 ppm.56,57 

The presence of lipids in the cell wall of the tubercle bacillus is what causes the lipid 

peak in tuberculoma. However, an associated rise in choline has also been noted.58 

Choline levels are related to the amount of cell membrane turnover and due to 

increased cellularity oflesions.59 T2-hypointense tuberculomas, suggestive of 

caseating granulomas without central liquefaction have an isolated lipid peak at 0.9 

&1.3 ppm. In addition to a large lipid peak, T2-hyperintense tuberculomas, suggestive 

of caseating granulomas with central liquefaction may sometimes show choline peak 

at 3.22 ppm. A phosphoserine peak at 3.7 ppm is may also be frequently observed.56 

 

MR spectroscopy is also useful in differentiating tubercular from pyogenic abscesses. 

While pyogenic abscesses show amino acids at 0.9 ppm with varying combinations of 

succinate, acetate, alanine, and glycine, tubercular abscesses mostly show lipid peak 



 

 

Figure 15 : MRI brain spectroscopy 

 

 

Biopsy for Diagnosis: 

When a tuberculoma cannot be 

be performed which minimises

necessary when imaging examinations reveal that brain lesions are progressing, such 

as when a patient has treatment

tuberculosis drug therapy, or is uncooperative

According to Assefa et al., 58 (26.1%) 

lesions in the brain , after biopsy as per histological investigation, it was noted that 

there was one tuberculous abscess (0.4%), 28 tuberculomas with caseous necrosis, 

and 29 non-caseating tuberculomas (12.6%)

 

 

 

 

 

 

 

MRI brain spectroscopy demonstrating lipid lactate peak in 

frontal parafalcine tuberculoma58 

When a tuberculoma cannot be diagnosed radiologically, stereotactic biopsy

which minimises damage to tissue.51, 60Additionally, a biopsy is 

necessary when imaging examinations reveal that brain lesions are progressing, such 

as when a patient has treatment-resistant TB, exhibits a paradoxical reaction to 

ug therapy, or is uncooperative.61, 62 

fa et al., 58 (26.1%) out of 223 cases with tuberculosis

after biopsy as per histological investigation, it was noted that 

one tuberculous abscess (0.4%), 28 tuberculomas with caseous necrosis, 

caseating tuberculomas (12.6%).63,64 
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demonstrating lipid lactate peak in left 

stereotactic biopsy should 

Additionally, a biopsy is 

necessary when imaging examinations reveal that brain lesions are progressing, such 

resistant TB, exhibits a paradoxical reaction to ant 

with tuberculosis-related 

after biopsy as per histological investigation, it was noted that 

one tuberculous abscess (0.4%), 28 tuberculomas with caseous necrosis, 
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Complications: 

Complications of tuberculous meningitis include: 

 Up to 70% of individuals with tuberculous meningitis develop hydrocephalus. 

Head CT may demonstrate hydrocephalus, but MRI is the modality of choice for 

identification of tuberculous meningitis.65 

 At any stage during the entire duration of tuberculous meningitis, hyponatremia 

can occur. With vague symptoms (such as nausea, disorientation, delirium, and 

seizures) it may be misdiagnosed.66 

 A disruptive side effect of tuberculous meningitis that affects about 25% of 

patients is vision loss due to high intracranial pressure and direct M. tuberculosis 

invasion of the optic nerves. 

 Vascular complications: 

a. Arterial complications  – Infarcts and vasculitis  

b. Venous complications like venous infarcts and dural venous sinus thrombosis. 
 

Treatment: 

Directly observed therapy (DOT) should be used to treat every patient with TB. 

Antituberculous therapy and glucocorticoids are used to treat tuberculoma. 67 

Treatment for CNS TB typically lasts between 9 and 12 months and consists of a two-

month initial intensive phase (four drugs) and a long continuing phase (often two 

treatments administered for an additional 7 to 10 months).67 The antitubercular drugs 

are isoniazid, rifampicin, and pyrazinamide. Isoniazid has good CNS penetration and 

is more effective against organisms that are actively dividing as opposed to those that 

are dormant. Despite having relatively weak CNS penetration, rifampin is effective 

against both organisms that divide quickly and ones that are quiescent.67 There is a 

need for surgical consultation for people with hydrocephalus. 
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Cysticercosis: 

Cysticercosis is caused by the larval stage of the tapeworm, Taenia solium. It is 

further divided into Neurocysticercosis when it affects the Central Nervous System 

and extraneural cysticercosis when it affects other tissues like muscles. In endemic 

locations, neurocysticercosis is a major contributor to adult-onset seizures.68 

 

Epidemiology: 

Cysticercosis is endemic in many rural & periurban regions of India.69 Data on the 

global prevalence of neurocysticercosis is limited. There are a few population-based 

studies on prevalence which are neuroimaging studies.70 On computed tomography 

scans, 15 to 25% of people in endemic areas have evidence of neurocysticercosis, 

primarily in the form of calcified lesions.71 

 

 

 

Figure 16: Image of Adult Taenia Solium77 
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Life Cycle and Transmission: 

Humans, the definite hosts develop cysticercosis after consuming undercooked pork 

which contains cysticerci in muscle tissue. Pigs, the intermediate hosts get affected 

when they consume proglotids, infected human excrement, or food that has been 

polluted. Oncospheres (embryos) that have been ingested develop in the intestine, 

invade the gut wall & spread hematogenously to the brain, striated muscles, liver, 

and/or other organs.72 

The scolex enters the body after being consumed and uses its suckers and hooks to 

cling to the human small intestine. Over a period of two to four months, proglottids 

develop. Pigs can get sick from the proglottids or eggs. The eggs hatch after ingestion, 

and the larvae are then transported to various tissues by the bloodstream. 

Neurocysticercosis is caused by cysts in the brain; people who already have 

cysticercosis are unintentional dead-end hosts. The incubation period for cysticercosis 

is approximately 3.5 years.73 

A household tapeworm carrier who is asymptomatic is the most typical source of 

infectious eggs.74 Therefore, it is best to think of cysticercosis as a condition that is 

mostly spread from person to person, with diseased pigs serving as carriers of the 

virus. 



 

 

Figure 1

 

Neurocysticercosis: 

Cysticercosis frequently 

areas, the disease has a seroprevalence 

people are estimated to be 

America, China ,India, Africa,  and Nepal, where it causes NCC.

the main cause of seizures

 

 

 

 

 

 

 

 

Figure 17 : Development cycle of T.Solium81 

Cysticercosis frequently infects the CNS causing neurocysticercosis. In endemic 

areas, the disease has a seroprevalence of around 4% of the population. 

are estimated to be affected worldwide. T. Solium is indigenous to 

India, Africa,  and Nepal, where it causes NCC.75 In adults

seizures as well as hydrocephalus.  
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Pathogenesis: 

Neurocysticercosis is caused by the ingestion of larval cysts of the pork tapeworm 

(Taenia solium). The infection is brought on by consuming food or water that has 

been tainted with human faeces that contain the parasite eggs. Cysticerci, small tissue 

larvae, are generated from the embryos (oncospheres), which penetrate the small 

intestinal mucosa, enter the circulation, and then reach various tissues and organs. 

Cysticerci have specific affinity for the central nervous system, eyes and striated 

muscles what is accounted for high concentration of glucose or glycogen in these 

organs.76 

 
Clinical Manifestations of NCC: 

The location, number, size, and stage of development of cysticerci, as well as the host 

immune response to the parasite, all have a significant role in the clinical symptoms 

of NCC. NCC may be asymptomatic. The most prevalent symptom, occurring in 80–

90% of patients is seizures. In endemic areas, NCC is considered to be the primary 

cause of late-onset epilepsy. The other symptoms include focal deficit, intracranial 

hypertension, and cognitive impairment are the most common clinical symptoms. The 

most frequent clinical and imaging symptoms of neurocysticercosis in children are 

partial seizures.77 

Intraventricular neurocysticercosis can lead to the restriction of the CSF flow 

resulting in hydrocephalus and acute intracranial hypertension. They are most 

frequently detected in the fourth ventricle.78 The presence of a mobile intraventricular 

cyst may even cause acute intermittent hydrocephalus, severe positional vertigo 

,headaches and loss of consciousness.79 As a result, intraventricular neurocysticercosis 

is regarded as dangerous. 
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The term "racemose" cysticercosis refers to the initial appearance of the developing 

membranes, which initially resemble a bunch of grapes. Intense inflammation and 

fibrosis of the leptomeninges of the brain are associated with it. 

 

The CSF circulation is obstructed in roughly 50–60% of cases, which leads to 

hydrocephalus, progressive intracranial pressure, and death in over 22% of cases.79 

Cerebellopontine-angle syndrome, cranial nerve palsy and cerebral infarcts brought 

on by occlusive endarteritis may all manifest. 80 

Mortality is high in cases of hydrocephalus owing to cysticercotic meningitis (55 %) 

and most patients pass away within three years of CSF shunting. 81  

 

Classification: 

Neurocysticercosis is classified into four types based on its location into- 

 Parenchymal,  

 Subarachnoid,  

 Intraventricular,  

 Spinal and ocular forms.82 

 

Parenchymal NCC is further classified into 4stages by Escobar83 

 Vesicular,  

 Colloidal vesicular,  

 Granular nodular and  

 Calcified nodular.83 
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1) Intraparenchymal neurocysticercosis: 

 The most prevalent form of cysticercosis, affecting more than 65% of patients, is 

intraparenchymal NCC.84,85 The onset of symptomatic parenchymal NCC often 

happens two to four years after infection, but it can happen up to 20 years later. 

Nonviable (calcified) lesions are frequently found in patients who arrive later.85 

The clinical features depend on the number, location of cysticercus as well as degree 

of inflammation.86, 87Usually parenchymal NCC are asymptomatic and discovered by 

chance during imaging done for other purposes. Seizures followed by headache are 

the most common symptom of NCC.84, 85 Usually, a fever is not present. Patients with 

a single lesion have a more favourable prognosis than those patients with multiple 

cysticerci. 

 

A) Vesicular-stage: 

 A cystic lesion filled with fluid with no debris is noted in the vesicular stage. It has a 

thin wall and an eccentric, opaque, 4-5 mm marginal nodule called scolex. In this 

stage, the parasites are alive and they cause little to no inflammation in the tissue 

around them. Since the cystic lesions are subcentimetric and have minimal mass 

effect, there are typically no symptoms at vesicular stage. 83 

 

B) Colloidal - vesicular stage: 

The larva gradually gets smaller as it starts to degenerate from the scolex. Due to the 

surrounding inflammatory reaction in the brain parenchyma, the cyst fluid turns turbid 

and the cyst wall thickens. In this stage, peri-lesional edema is predominant. 
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C) Granular nodular stage: 

In this stage, the cystic lesion further reduces in diameter & changes into a small 

nodule. The cyst may appear as a thick, tiny, nodular ring-enhancing lesion. The most 

typical pathologic feature is pericystic gliosis, which can range in severity. The 

surrounding edema eventually lessens and is not as severe as it was in the colloidal 

vesicular stage.88 

 

D) Nodular - calcified stage 

When a lesion reaches this stage, it has almost entirely calcified, fully shrunken in 

size, and is free of any surrounding edema. 

 

 

2) Subarachnoid neurocysticercosis (SAN): 

SAN in the basilar cisterns is the worst type of NCC.88CT is not useful in 

demonstrating these lesions, similar to the intraventricular type of neurocysticercosis. 

Hence, MRI may be better in visualizing these lesions.  

SAN may be associated with chronic arachnoiditis.89 The presence of arachnoiditis is 

shown by the enhancement of the leptomeninges following administration of contrast. 

Chronic arachnoiditis may also be associated with communicating hydrocephalus due 

to secondary obstruction of the foramina of Magendie and Luschka.88If cysts grow to 

10 cm or greater within the subarachnoid space, patient can suffer mass effect and 

focal neurologic abnormalities. 87 
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Figure 18 : MRI Brain image demonstrating subarachnoid Neurocytsicercosis98 

(A – axial; B – coronal Post Contrast images ) Complex Cysticerci cysts in the 

subarachnoid space of the left Sylvian fissure between the temporal and parietal 

lobes. 

 

 

3) Spinal NCC: 

Roughly 1% of cases result in spinal cord involvement. Spinal cysticerci are typically 

found in the subarachnoid area, where they can affect peripheral nerve roots by 

inducing inflammation and demyelination. Radicular discomfort and paraesthesias are 

frequently seen in patients. The lesion's location affects the neurologic deficits, which 

can often be clinically indistinguishable from those caused by other spinal cord 

lesions. Basal subarachnoid involvement and spinal subarachnoid cysticerci are 

strongly correlated.11 Less commonly, intramedullary cysticercosis can occur and may 

be associated with transverse myelitis. 
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Figure 19  : MRI Spine images demonstrating spinal Neurocysticercosis99 

(A) Gadolinium-enhanced sagittal T1, (B) Sagittal T2 Magnetic resonance 

imaging showing intramedullary cystic lesion located at T3-T4 level 

 

4) Intra Ventricular NCC: 

Intraventricular NCC is most frequently seen in the fourth ventricle, followed by the 

third and lateral ventricles. On computed tomography and magnetic resonance 

imaging, the cysts have the density and signal intensity as CSF. MRI, especially 

FLAIR sequence is useful in characterizing the lesion. It is crucial to determine the 

cyst's location before surgery because it may be affixed to the ventricle wall or move 

inside or outside of the ventricular system.89 

 

Neuroimaging in NCC: 

CT is useful for identifying parenchymal cysticerci as well as calcifications. CT is 

also useful for diagnosis of ocular cysticercosis.However, MRI is the investigation of 

choice for diagnosing NCC and its many sequelae. It can also help in diagnosis of 

disseminated cysticercosis. The imaging appearance depends on the stage of the 

NCC.90 
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Vesicular stage: 

On both CT and MRI, a well-defined cystic lesion with a thin wall (2-4 mm) and no 

post-contrast enhancement is noted. The cyst fluid's density or signal intensity is 

similar to that of the cerebrospinal fluid (CSF). No peri-lesional edema or mass effect 

noted. 

 

 In this stage, a distinct, eccentric scolex within the cystic lesion serves as the main 

imaging finding.The scolex exhibits iso- to hyper-intensity on T1-weighted and T2-

weighted MR sequence. On Post contrast study, scolex appears as a round enhancing 

structure within the cyst. The scolex may demonstrate restricted diffusion on DWI. 

In this stage, the parasites can occasionally be so abundant that the brain has a "swiss 

cheese" appearance. The cyst might persist in this stage for years.90 

 

 

 

 

 

 

 

 

 

Figure 20 : Vesicular stage of neurocysticercosis (NCC)100 

(A) Axial contrast-enhanced computed tomography, (B) Postcontrast T1 

magnetic resonance imaging (MRI) demonstrates fluid-filled cysts without wall 

enhancement or surrounding parenchymal edema. Eccentric intracystic nodules 

(arrow) represent the scolices. 

 



 

 

Colloidal vesicular stage:

In this stage, cystic fluid becomes turbidand is 

and appears and hyperattenuating on CT

The cyst wall becomes 

giving ring enhancement

degeneration. Extensive perilesion

this stage may result in diffuse brain 

midline shift due to the host immunological response to the 

 

Figure 2

MRI Brain Axial FLAIR image show

with moderate perilesional edema in left parietal and right frontal lobes

Vesicular stage of NCC 

 

 

vesicular stage: 

cystic fluid becomes turbidand is hyperintense as compared to the 

and hyperattenuating on CT and hyperintense on T1-weighted images. 

 thick and brightly enhances on administration of contrast

enhancement. The scolex shrinks and eventually vanishes as a result of 

Extensive perilesional edema is seen in this stage.90 Multiple lesions at 

this stage may result in diffuse brain edema and ventricular system collapse without 

midline shift due to the host immunological response to the degraded cysts

 

Figure 21: Colloid Vesicular stage of NCC 100 

MRI Brain Axial FLAIR image shows two heterogeneously hypointense lesions 

with moderate perilesional edema in left parietal and right frontal lobes
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as compared to the CSF 

weighted images. 

brightly enhances on administration of contrast 

. The scolex shrinks and eventually vanishes as a result of 

Multiple lesions at 

and ventricular system collapse without 

degraded cysts.91,92 

hypointense lesions 

with moderate perilesional edema in left parietal and right frontal lobes- Colloid 



 

 

Figure 22: Multiple ring enhancing lesions in Colloid Vesicular Stage of 

MRI Brain T1W Post Contrast Image shows 

Colloid Vesicular Stage of NCC

 

Granular Nodular Stage:

In this stage, the cysts appear as 

lesional edema gradually lessens and is not as severe as colloidal vesicular stage.

Figure 23: Nodular

MRI Brain Axial FLAIR

intensity with minimal perilesional edema 

 

 

 

: Multiple ring enhancing lesions in Colloid Vesicular Stage of 

MRI Brain T1W Post Contrast Image shows multiple ring enhancing lesions in 

Vesicular Stage of NCC 

Granular Nodular Stage: 

appear as small, ring enhancing nodules. The amount of 

gradually lessens and is not as severe as colloidal vesicular stage.

 

: Nodular-granular stage neurocysticercosis100

Axial FLAIR-Lesions have retracted appearing as low signal 

with minimal perilesional edema  
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: Multiple ring enhancing lesions in Colloid Vesicular Stage of NCC100 

g enhancing lesions in 

The amount of peri-

gradually lessens and is not as severe as colloidal vesicular stage.93,94 

100 

Lesions have retracted appearing as low signal 
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Nodular calcified stage: 

The calcified lesion can be seen clearly on CT. Small, high-density calcified nodules 

without edema or enhancement can be seen on CT scan.95In MRI, due to calcification, 

the nodules look hypointense on all sequences with the absence of perilesional edema 

or significant enhancement. 95 

 

 

Role of DWI and corresponding ADC values in NCC: 

The discovery of the scolex is pathognomonic for NCC. On DWI, the vesicular stage 

of NCC show eccentric hyperintense signal. This eccentric DWI hyperintensity that 

represents the scolex has significant diagnostic implications as restriction of diffusion 

is present in scolex. Hence, DWI helps in the identification of the scolex.96 The other 

stages of Neurocysticercosis usually show no restriction of diffusion on DWI.96 

In a study done, ADC values from the core of cysticercus showed a value of 

1.66 ± 0.29 × 10−3 mm2/s, which was significantly higher than the core of all groups 

of tuberculomas and tuberculous abscess. 96 
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Figure 24: MR images demonstrating restricted diffusion in scolex in a case of 

NCC97 

(A-D) MRI images (A) Axial FLAIR B) Axial T2 Fast spine Echo C) Axial DWI D) 

Axial ADC images :(A) &( B ) These images show lesions in the right thalamus and 

the left lentiform nucleus; the thalamic lesion is compatible with NCC in the 

colloidal stage. On DWI (C), In this lesion, the curvilinear scolex is clearly seen in a 

transverse section, as 2 hyperintense contiguous dots. ADC map (D) discloses the 

scolex as iso-/hypointense dots. 

 

 

 



 

 

MR spectroscopy in NCC

When conventional MR sequences cannot reliably diagnose NCC, MRS provides 

specificity and aids in these circumstances.

succinate, pyruvate, acetate and choline are seen 

acetylaspartate (NAA) and creatine.

Alanine peaks at 1.3 and 1.4 ppm and inverts at 144 ms

and another peak is seen at 3.6 ppm 

resonate close to each other at 2.4 ppm with a narrow difference in chemical shift th

is difficult to distinguish.

(a-d) MRI images (a) Coronal T2WI (b) Sagittal T2WI (c) & (d

(a & b): Well-defined cystic lesion with mass effect is seen in the left sylvian 

fissure.  

(c & d):  MRS shows lactate (arrowhead in c and d), alanine (thick arrow in c 

and d) and succinate (thin 

neurocysticercosis. 

 

 

 

in NCC: 

When conventional MR sequences cannot reliably diagnose NCC, MRS provides 

specificity and aids in these circumstances. Amino acid peaks like alanine,

acetate and choline are seen in NCC with low levels of

tylaspartate (NAA) and creatine. 

nd 1.4 ppm and inverts at 144 ms. Threonine peaks at

and another peak is seen at 3.6 ppm which inverts at 135 ms. Pyruvate and succinate 

resonate close to each other at 2.4 ppm with a narrow difference in chemical shift th

.97 

Figure 25: MRS in NCC.97 

images (a) Coronal T2WI (b) Sagittal T2WI (c) & (d) MRS 

defined cystic lesion with mass effect is seen in the left sylvian 

MRS shows lactate (arrowhead in c and d), alanine (thick arrow in c 

and d) and succinate (thin arrow in c and d) peaks characteristic of 

 Page 47 

When conventional MR sequences cannot reliably diagnose NCC, MRS provides 

alanine, threonine, 

with low levels of N-

peaks at 1.33 ppm, 

which inverts at 135 ms. Pyruvate and succinate 

resonate close to each other at 2.4 ppm with a narrow difference in chemical shift that 

 

defined cystic lesion with mass effect is seen in the left sylvian 

MRS shows lactate (arrowhead in c and d), alanine (thick arrow in c 

arrow in c and d) peaks characteristic of 
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Differential Diagnosis:  

 Other many ring or nodular enhancing lesions like pyogenic brain abscess, 

tuberculoma, mycotic granuloma, toxoplasmosis, nocardiosis, primary or metastatic 

tumours, and septic emboli. 

Other diagnostic methods: 

A blood sample from the patient is taken, immunoblots utilising pure glycoproteins 

and recombinant chimeric antigens are confirmed serologically, and the presence or 

absence of a particular reaction to any of the antigens is then determined. Serological 

testing is another technique employed.98 Only if the patient has several cysts is a 

serological examination performed; it is ineffective for single lesions. 

Electroimmuno-transfer blot assays are common procedures in the field of molecular 

biology. For individuals with at least two cysts, these tests are 100% specific and have 

a sensitivity of 94–98%. 

Enzyme-linked immunosorbent assays such as Ag-ELISAs with a sensitivity of 86% 

and a specificity of 96% are also used.99 It is advised that it be used in conjunction 

with clinical information and radiological examinations. Due to its limited specificity 

and sensitivity, the use of the ELISA approach in the diagnoses of NCC has not been 

successful.100 

 

Treatment: 

The first step in treating individuals with NCC include managing immediate 

symptoms like seizures (by antiseizure drugs). Antiparasitic treatment shouldn't be 

started right away and shouldn't even be thought about until after initial symptomatic 

treatment. 
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Albendazole and combination therapy with albendazole and praziquantel are 

antiparasitic regimens for the treatment of patients with viable and/or degenerating 

cysts on neuroimaging. 

The choice of antiparasitic regimen depends on the burden of disease.101 

 For patients with one to two cysts, treatment consists of albendazole (15 mg/kg 

per day in two daily doses up to 1200 mg per day, with food). 

 For patients with more than two cysts, treatment consists of albendazole (15 

mg/kg per day in two daily doses up to 1200 mg per day, with food) and 

praziquantel (50 mg/kg per day in three daily doses). 

The combination of albendazole and praziquantel has been associated with a higher 

rate of radiographic resolution than albendazole alone.102 

 

Adjunctive corticosteroids should be administered prior to and during antiparasitic 

therapy. Corticosteroid treatment (dexamethasone 0.2 to 0.4 mg/kg per day) is used to 

treat diffuse cerebral edema in order to minimise inflammation. Surgery is typically 

used to treat obstructive hydrocephalus (by placement of an external ventricular drain 

or shunt).  
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Table 4: Role of MRI in differentiating NCC and Tuberculoma 

Features Neurocysticercosis 
Tuberculoma of the 

brain 

Lesion size Smaller (<15 mm ) Larger (>15 mm),  
Number Single or multiple Often multiple, 

conglomerated 
Location  Junction of grey-white 

matter  
Common in posterior fossa  

Perilesional edema Mild or moderate Mostly moderate to severe 
Wall thickness Usually thin walled Thick irregular walls 
Associated meningitis  Absent  Present  
Post contrast features Thin regular ring 

enhancement 
Thick irregular ring 
enhancement 

MR spectroscopy  Multiple amino acid peaks  Lipid peaks  
Focal neurological deficits  Absent  Present  
Raised ICP  Transient  Present  
Constitutional symptoms  Absent  Present  
 

 

CLINICAL STUDIES:  

Sachin L et al103 studied the characteristic imaging findings in various ring enhancing 

lesions and the role of MR spectroscopy. Out of the 50 patients evaluated, 22 cases 

were tuberculomas, 16 were NCC, 5 abscesses, 5 metastasis, 1case of pilocytic 

astrocytoma and 1 case of tumefactive demyelination. It was concluded that MRI is 

the most sensitive modality in the characterization of intracranial ring enhancing 

lesions. On MRI, each lesion had its own characteristic imaging findings which helps 

in differentiating different various ring enhancing lesions. 

Sharma BB et al104 studied 10 patients between 5 - 15 years (mean age 10.4 

years) with complaints of headache and/or seizures who had undergone MRI with or 

without CT scan. Out of the ten patients, four patients were diagnosed as NCC and six 

were diagnosed as CNS tuberculomas. All 10 cases showed ring enhancement on post 

contrast study. MRS further helped to differentiate NCC and tuberculoma. NCC cases 
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showed amino acid peak in MR spectroscopy and tuberculoma cases showed lipid 

lactate peak. The reasonable achievable target to differentiate between NCC and 

tuberculomas in the brain was achieved by analysing the post contrast and MRS 

findings. 

 In their retrospective study to assess the value of MRS and DWI as an adjuvant in 

differentiating tuberculoma and NCC among 30 patients, Maheshwarappa RP et al16 

found that on DWI, Out of the 17 cases, in 14 cases, the lesions had diffusion 

restriction. These lesions were hyperintense on T2 weighted images indicative of 

caseating granulomas with central liquefaction. However, the 3 lesions which did not 

show restriction of diffusion on DWI were hypointense on T2 weighted images 

suggestive of caseating tuberculomas without central liquefaction. All cases of NCC 

examined were hypointense on DWI, that is there was no restriction of diffusion. On 

MRS, NCC cases did not exhibit a lipid peak while all tuberculoma lesions, with the 

exception of one, exhibited predominant lipid peaks. Reduced N-acetylaspartate 

(NAA) levels were seen in both lesions. Acetate/succinate or both peaks were present 

in NCC lesions, however they were not in tuberculoma lesions. All NCC patients had 

normal Cho/creatinine ratios. Out of 17 tuberculoma lesions, seven showed increased 

Cho/creatinine ratio (greater than 1).  

Gupta RK et al105 in their research work involving 70 tuberculomas divided 

tuberculomas into three groups based on the intensity in the core of the lesion on T2 

weighted images.12 patients with 12 distinct neurocysticercosis lesions at various 

stages of development were also included for comparison. This was to demonstrate 

spectrum of diffusion weighted imaging (DWI) abnormalities in tuberculomas and to 

distinguish these from degenerating neurocysticercosis.The mean ADC value from the 

core of T2 hyperintense Tuberculoma lesions, indicative of caseating granulomas with 
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central liquefaction was 0.80 +/- 0.08 x 10−3 . This was significantly higher than the 

mean ADC value from the core of T2 hypointense lesions, suggestive of caseating 

granulomas without central liquefaction-1.24 +/- 0.32. Mean ADC value from core of 

Neurocysticercosis lesions was 1.66 ± 0.29× 10−3  which was found to be significantly 

higher than the core of all groups of tuberculomas. Hence, it was concluded that the 

mean ADC value from the core of NCC was the highest, followed by caseating 

tuberculoma without central liquefaction followed by caseating tuberculomas with 

central liquefaction. 

Singh et al. 106in their study to differentiate ring enhancing Neurocysticerosis and 

Tuberculoma, noted that the maximum numbers of cases were seen in the second and 

third decade of life with majority of patients being male. MR Spectroscopy in 

tuberculomas showed a lipid peak whereas in NCC showed amino acid peaks, 

predominantly acetate and succinate peaks. They concluded that MR Spectroscopy 

greatly helps to differentiate NCC from Tuberculomas and should be done to 

differentiate various  ring enhancing lesions. 

A study done by E Javier Pretell at al 96 showed that cerebral ring enhancing brain 

lesions (SELs), mostly as a result of neurocysticercosis or tuberculosis, are a common 

cause of seizures. Ten patients with ring enhancing lesions caused by 

neurocysticercosis (n=6) or tuberculosis (n=4) were examined by proton magnetic 

resonance spectroscopy. Tuberculomas had lipid lactate peaks and reduced N-

acetylaspartate ( NAA). The choline/creatine ratio was greater than 1 in all 

tuberculomas. On other hand, NCC showed specific amino acid peaks with reduced 

NAA level.It was concluded that Magnetic resonance spectroscopy differentiates ring 

enhancing lesions caused by cysticercosis or tuberculosis and may avoid brain 

biopsies or unnecessary antituberculosis treatments. 
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MATERIALS AND METHODS:
 
Study site: This study was performed in the Department of Radio

R.L Jalappa Hospital and Research

Study population: All the

underwent MRI Brain (Plain

R.L Jalappa Hospital and Research center were 

Study design: The present
 
Sample Size: 42 patients
 

Jitendra Singh et al 6 . had reported the sensitivity and specificity of lesion size to

differentiate Tuberculoma and NCC to be 79.5% and 73.8% respectively. Assuming 

alpha error of 5% (95% confidence limit) and an absolute precision (d) of 3%, the 

minimum required sample size to estimate the sensitivity of MRS in differentiating 

neurocysticercosis from tuberculoma in brain imaging was estimated to be 

patients. 

The sample size was derived from the following formula:

 

Z 1-α/2 = 1.96 at 5 % error alpha. As in majority of studies p va

significant below 0.05 hence 1.96 is 

D is the absolute precision

P is sensitivity and q=1-p

 

Sampling method: Until

sequentially recruited into the study

 Study duration: The data

to June 2022 

 

 

METHODS: 

This study was performed in the Department of Radio

and Research center attached to SDUMC, Kolar. 

the eligible patients who would fulfied the inclusion criteria

(Plain & Contrast ) at the Department of Radio

R.L Jalappa Hospital and Research center were considered as the study population

present study was a hospital-based cross sectional  study.

patients 

Jitendra Singh et al 6 . had reported the sensitivity and specificity of lesion size to

differentiate Tuberculoma and NCC to be 79.5% and 73.8% respectively. Assuming 

alpha error of 5% (95% confidence limit) and an absolute precision (d) of 3%, the 

minimum required sample size to estimate the sensitivity of MRS in differentiating 

rcosis from tuberculoma in brain imaging was estimated to be 

The sample size was derived from the following formula: 

 

α/2 = 1.96 at 5 % error alpha. As in majority of studies p values are considered 

below 0.05 hence 1.96 is used in formula. 

D is the absolute precision 

p 

Until the sample size was met, all eligible subjects

recruited into the study using easy sampling. 

data collection for the study was done between  January
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This study was performed in the Department of Radio-diagnosis at        

fulfied the inclusion criteria 

Department of Radio-diagnosis at 

study population. 

study. 

Jitendra Singh et al 6 . had reported the sensitivity and specificity of lesion size to 

differentiate Tuberculoma and NCC to be 79.5% and 73.8% respectively. Assuming 

alpha error of 5% (95% confidence limit) and an absolute precision (d) of 3%, the 

minimum required sample size to estimate the sensitivity of MRS in differentiating 

rcosis from tuberculoma in brain imaging was estimated to be 42 

lues are considered 

subjects were 

January 2021 
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 Sampling technique and methodology: 
 

 Sampling technique: 

Estimating 4 cases per month, accounting for 72 cases for one and a half years and 

sample size being 42, considering sampling interval of 2, 42 cases will be recruited by 

systematic random sampling. 

 Minimum of 42 patients with neurocysticercosis and tuberculoma were 

included in the study. Baseline data was collected from the patients along with 

pertinent clinical history and relevant lab investigations. Patients who met the 

inclusion criteria underwent MRI Brain in 1.5 Tesla, 18 channel, MR Scanner 

(Siemens® Magnetom Avanto®).  Patient was informed and consent was taken prior to 

administration of contrast. Patients were in supine position with proper positioning 

and immobilization of the body. Standard head coil was used in MR. 

 Following Imaging sequences will be included – 

 T1WI (axial and sagittal). 

 T2WI (axial and coronal). 

 FLAIR. 

 Post contrast T1W fat suppressed images. Contrast used will be gadolinium in 

the dose of 1.5ml/Kg. 

 DWI at 0, 500 and 1000 mm2/s b values with corresponding ADC values. 

 Single Voxel Spectroscopy- will be performed using chemical shift imaging. 

 Field of view (FOV)- 220 mm;  Slice thickness- 4 mm.  
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 Initially, T1 (axial and sagittal),T2 (axial and coronal )& FLAIR (axial & 

sagittal )sequences were acquired. Next DWI sequences at 0, 500 and 1000 s/mm 2 b 

values are taken followed by its ADC sequence is acquired. Both the sequences; i.e. 

DWI at 1000 s/mm 2 b value and ADC sequence are compared to assess the presence 

or absence of restricted diffusion within the lesions. For derived ADC values, single 

or few oval shaped region of interest (ROI) are drawn over the core of the lesion. 

Value of each ROI is measured and mean of all the ROIs is taken as the final ADC. 

Following this, post contrast images are acquired by injection of 1.5 ml/kg of 

Gadolinium. Finally, Single Voxel Spectroscopy will be performed using chemical 

shift imaging. 

 Based on the MRI features such as size, shape, location, wall thickness, 

intrinsic nodule, surrounding edema, diffusion weighted imaging features with 

corresponding ADC values, enhancement pattern of lesions and spectroscopy 

findings, we will evaluate and differentiate the lesion as Neurocysticercosis or 

Tuberculoma. 

 Radiological diagnosis were correlated in terms of clinical symptoms and 

response to treatment.  
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Figure 26 : 1.5 Tesla, 18 channel, MR Scanner (Siemens® Magnetom Avanto ) 

 

Inclusion criteria: 

 Patients referred for MRI brain with clinical suspicion of neuroinfection. 

 Patients with granulomatous lesion on Computed Tomography and referred 

for Magnetic Resonance Imaging of brain. 

 

Exclusion criteria: 

 Patients having cardiac pacemakers, metallic foreign body or implants in situ. 

 Altered renal function test and allergy to contrast. 
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Ethical considerations: The study was approved by the institutional human ethics 

committee. Informed written consent was obtained from all the study participants ,and 

only those participants willing to sign the informed consent were included in the 

study. The risks and benefits involved in the study and the voluntary nature of 

participation were explained to the participants before obtaining consent. The 

confidentiality of the study participants was maintained. 

 

 
 Data collection tools: Patients who fulfilled the inclusion/exclusion criteria were 

included in the study. Written Informed Consent was taken for their willingness to 

participate in the study. Baseline data were collected from the patients along with 

pertinent clinical history and relevant lab data. Data was entered into Microsoft excel 

data sheet and analyzed using SPSS 22 version software. Categorical data was 

represented in frequencies and proportions. Chi- square was used as test of 

significance. Continuous data was represented as mean and standard deviation.          

P value of 0.05 will be considered statistically significant. 

ROC analysis : The utility of ADC value of the lesions in differentiating NCC and 

tuberculoma was assessed by Receiver Operator Curve ( ROC ) analysis. The area 

under the curve, along with its 95 % CI and p-value, are presented. The sensitivity and 

specificity, diagnostic accuracy and predictive values of screening tests with the 

decided cut-off along with 95 % CI are presented. 
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OBSERVATIONS & RESULTS

 
A total of 42 subjects were i
 
 

 
Figure 27: Bar chart showing age distribution in our study cases  (n=42 )

 
 
 

Table5: Descriptive
 

Parameter Mean ±SD

Age 42.85 

 
The mean age was 42.85 

population.(Table 5) 
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RESULTS 

subjects were included in the final analysis. 

chart showing age distribution in our study cases  (n=42 )

Descriptive analysis of age in study population(n=42 

Mean ±SD Median Minimum Maximum

42.85 ± 14.76 42 21 

 ±14.76 years, ranged between 21 to 78 years in 

n=9
n=10

n=6
n=7

n=1

30-40 40-50 50-60 60-70 70

Age Distribution 
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chart showing age distribution in our study cases  (n=42 ) 

42 ) 

Maximum 

78 

 the study 

n=1

70-80
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Table6: Descriptive analysis of gender distribution in the study population(n=42) 
 

Gender Frequency Percentages 

Male 25 59.52 % 

Female 17 40.47 % 

 
Among the study population, 25 (59.52 %) participants were male, and 17 (40.47 %) 

were female (Table 6 & Figure 28) 

 
 
 

 

 

Figure 28: Pie chart showing gender distribution in the study population (n=42) 
 

n=25
(59.52 %)

n=17
(40.47 %)

Gender distribution 

Male Female



 

 

 
 
 

Figure 29: Doughnut
 

 
Total number of Neurocysticercosis cases included 

Total number of Tuberculoma cases included 

( Figure 29 ) 

 

 

 

 

 

 

 

 

 

 

n=17
40.47 %

 

 

 

 

Doughnut chart showing total number of cases included

Total number of Neurocysticercosis cases included in the study– 25 (59.25 %)

Total number of Tuberculoma cases included in the study – 17 (40.47 %)

n=25
59.52 %

Neurocysticercosis

Tuberculoma 

Number of cases
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included (n=42) 

25 (59.25 %) 

%)  

Neurocysticercosis

Number of cases



 

 

 

 

 

Table 7 : Descriptive analysis 
 

                  

Single lesion

Multiple lesion

Conglomerate lesions 

Total  

 

Overall, Out of 42 cases, Single lesion was seen in 28 cases ( 66.66 %), multiple 

lesions were seen in 12 cases 

lesions ( Table 7& Figure 30

 

 

Figure 30: Pie chart showing 
 

n=12
(28.57 %)

(4.76 % )  

 

 

Descriptive analysis of number of lesions in the study population (

                  NUMBER OF LESIONS 

Single lesion 28 (66.66 %)  

Multiple lesion 12   (28.57 %) 

Conglomerate lesions  2     (4.76 %)  

42  

Overall, Out of 42 cases, Single lesion was seen in 28 cases ( 66.66 %), multiple 

12 cases 28.57 % cases and 2 cases ( 4.76 %) had conglomerate 

igure 30) 

showing number of lesions in study population (n=42 )

n=28
(66.66 %) 

n=2
(4.76 % )  

Number of lesions

Single 

Multiple 

Conglomerate 
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population (n=42) 

Overall, Out of 42 cases, Single lesion was seen in 28 cases ( 66.66 %), multiple 

%) had conglomerate 

 

population (n=42 ) 

Conglomerate 



 

 

 

Table 8: Descriptive analysis
(n=42) 
 

 

Neurocysticercosis 

Tuberculoma 

Total 
 

Out of 25 cases of Neurocysticercosis,

cases ( 28 %) had multiple lesions.

Out of 17 cases of Tuberculoma, Single lesion was seen in 10 cases ( 58.82 %), 

Multiple lesions were seen in ( 29.41 % ) cases and conglomerate lesion were seen in 

2 cases ( 2.2 %). ( Table 8 and Figure 

 

Figure 31: Bar chart showing 
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analysis of number of lesions in NCC and Tuberculoma  

NUMBER OF LESIONS 

Single Multiple Conglomerate

 18 ( 72 %)  7 ( 28 %) 0 

10 ( 58.82 %) 5 ( 29.41 %) 2 ( 2.2 %)  

28 12 2 

Out of 25 cases of Neurocysticercosis, 18 cases (72 %) had a single lesion and

( 28 %) had multiple lesions. 

Out of 17 cases of Tuberculoma, Single lesion was seen in 10 cases ( 58.82 %), 

Multiple lesions were seen in ( 29.41 % ) cases and conglomerate lesion were seen in 

Table 8 and Figure 31 )  

showing number of lesions in NCC and tuberculoma

n=18
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NCC and Tuberculoma  

Conglomerate 

 

single lesion and 7  

Out of 17 cases of Tuberculoma, Single lesion was seen in 10 cases ( 58.82 %), 

Multiple lesions were seen in ( 29.41 % ) cases and conglomerate lesion were seen in 

 

NCC and tuberculoma (n=42) 

Tuberculoma 
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Figure 32: Bar chart showing location of lesions in the study population (n=42) 
 
Out of 42 cases, supratentorial lesions were seen in 34 cases (80.95 %) and 

infratentorial lesions was in 8 ( 19.05 % ) cases ( Figure 32 ). Hence, Supratentorial 

lesions were significantly greater than infratentorial. The most frequent location in the 

supratentorium was the parietal lobe, closely followed by the frontal lobe. In a few 

cases patients, lesions were scattered all over the brain parenchyma. 

 
Table 9: Descriptive analysis of location of lesion in the study population (n=42) 

 

 

 

 

 

 

 
Out of 25 

cases of neurocysticercosis, supratentorial lesions were seen in 20 cases (80 %) and 

infratentorial lesions was in 5 (20 % )cases. 

Out of 17 cases of tuberculoma, supratentorial lesions were seen in 14 cases  

( 82.35 %) and infratentorial lesions were seen in 3 cases ( 17.64 % ) ( Table 9) 

n=34 
( 80.95 %) 

n=8
(19.05 %)

Supratentorial Infratentorial 

LOCATION OF LESIONS

LOCATION OF LESIONS 

 Supratentorial Infratentorial 

Neurocysticercosis ( n=25 ) 20 (80.0 %) 5 (20.0 %) 

Tuberculoma ( n=17 ) 14 (82.35 %) 3 (17.64 %) 

Total ( n=42 ) 34 8 



 

 

 

Table10: Descriptive analysis

 

 

 

 

 

 

 

 
Overall, Out of 42 cases, 

> 1.5 cm was seen in 2 cases (4.76 %) (

 

 

Figure 33: Bar chart showing 
 

Out of 25 cases of Neurocysticercosis, 

(100 %). 

Out of 17 cases of Tuberculoma, 

(88.23 %) and > 1.5 cm was seen in 2 cases
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Neurocysticercosis

Tuberculoma

Total ( n=42 )

 

 

analysis of size of lesions in the study population (

Overall, Out of 42 cases, size of lesion < 1.5 cm was seen in 40 cases (95.23 %) and 

was seen in 2 cases (4.76 %) (Table 10 and Figure 33)  

showing size of lesions in NCC and Tuberculoma

Out of 25 cases of Neurocysticercosis, size of lesion < 1.5 cm was seen in 

Out of 17 cases of Tuberculoma, size of lesion < 1.5 cm was seen in 

cm was seen in 2 cases (11.76 %) (Figure 33)  

n=25

n=0

n=15 

n=2 

< 1.5 cm > 1.5  cm

Size of lesion 

NCC Tuberculoma 

SIZE OF LESIONS 

 Size < 1.5 cm Size > 1.5  cm

Neurocysticercosis ( n=25 ) 25 (100 %) 0 

Tuberculoma ( n=17 ) 15 (88.23 %) 2 (11.76 %)

( n=42 ) 40 2 
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population (n=42) 

size of lesion < 1.5 cm was seen in 40 cases (95.23 %) and   

 

NCC and Tuberculoma (n=42 ) 

was seen in all 25 cases 

was seen in all 15 cases 

Tuberculoma 

Size > 1.5  cm 

2 (11.76 %) 



 

 

 

Table 11: Descriptive analysis
 

 

 

 

 

 

 

Overall, Out of 42 cases, 

margin was seen in 11 cases (

Out of 25 cases of Neurocysticercosis, 

cases (100 % ) and none of the lesions showed irregular margins.

Out of 17 cases of Tuberculoma, 

%), and irregular margin was

 

 

 

Figure 34:
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Neurocysticercosis

Tuberculoma

Total ( n=42 )

 

 

Descriptive analysis showing margin of lesions (n=42 )

Overall, Out of 42 cases, smooth margin was seen in 31 cases (73.80 %) and irregula

margin was seen in 11 cases (26.19 %). 

Out of 25 cases of Neurocysticercosis, smooth margin of lesion was seen in 

and none of the lesions showed irregular margins. 

Out of 17 cases of Tuberculoma, smooth margin of lesion was seen in 6 cases (35.29

and irregular margin was seen in 11 cases (64.70 %).  (Table11 and Figure 34

: Bar chart showing margin of lesions (n=42 ) 

n=25

n=0

n=6

n=11

Smooth Irregular

Margins of lesions 

NCC Tuberculoma

MARGINS OF LESIONS 

 Smooth Irregular 

Neurocysticercosis ( n=25 ) 25 (100 %) 0 

Tuberculoma ( n=17 ) 6 (88.23 %) 11 (11.76 %)

( n=42 ) 31 11 
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=42 ) 

31 cases (73.80 %) and irregular 

was seen in all 25 

6 cases (35.29 

11 and Figure 34)  

 

 

Tuberculoma

11 (11.76 %) 



 

 

 
Table 12: Descriptive analysis
 

DEGREE OF PERI

 

NCC ( n=25 ) 

Tuberculoma ( n=17 )

Total ( n=42 ) 

 

Overall, Out of 42 cases, 

in 17 cases (40.47 %) and severe 

Out of 25 cases of Neurocysticercosis, 

(72.0 %), moderate in 7 cases (

any case. Out of 17 cases of 

%), moderate in 7 cases (

( Table 12 and Figure 35 
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Descriptive analysis showing degree of peri-lesional edema (

DEGREE OF PERI-LESIONAL EDEMA 

Mild Moderate Severe

18 (72 %) 7 (28.0 %) 0

( n=17 ) 1 (5.88 %) 7 (41.17 %) 6 (35.29 %)

19 14 6

Overall, Out of 42 cases, mild perilesional was seen in 19 cases (45.23 

40.47 %) and severe perilesional edema in 6 cases (14.28 %). 

Out of 25 cases of Neurocysticercosis, mild perilesional was seen in 

moderate in 7 cases (28.0 %). Severe perilesional edema was not seen in 

Out of 17 cases of Tuberculoma, mild perilesional was seen in 1 case (

%), moderate in 7 cases (41.17 %) and severe perilesional edema in 6 cases (

 ) 

Bar chart showing peri-lesional edema (n=42 )

n=18

n=7

n=0n=1

n=7 n=6

Mild Moderate Severe

Degree of peri-lesional edema 

NCC Tuberculoma
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lesional edema (n=42) 

Severe 

0 

35.29 %) 

6 

 %), moderate 

14.28 %).  

was seen in 18 cases        

28.0 %). Severe perilesional edema was not seen in 

Tuberculoma, mild perilesional was seen in 1 case (5.88 

ma in 6 cases (35.29 %)       

 

lesional edema (n=42 ) 

n=6

Tuberculoma



 

 

 

Table 13: Descriptive analysis of 

 

 
Out of 25 cases of Neurocysticercosis, Scolex was present in 

was absent in 15 cases (60.0 

Scolex was absent in all cases of Tuberculoma

Hence, among the study population (N= 42) scolex was present in 10 cases (23.80 

and was absent in 32 cases (

Figure 36: Bar chart showing presence of scolex within the lesion in the study 
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Neurocysticercosis ( N=25 )

Tuberculoma ( N=17 )

Total 

 

 

: Descriptive analysis of presence of scolex within the lesion
population (n=42) 

cases of Neurocysticercosis, Scolex was present in 10 cases (

60.0 %). 

Scolex was absent in all cases of Tuberculoma (100 %). 

Hence, among the study population (N= 42) scolex was present in 10 cases (23.80 

and was absent in 32 cases (76.19 %).(Table 13 and Figure 36) 

chart showing presence of scolex within the lesion in the study 
population (n =42) 

n=10

n=15

n=0

n=17

Present Absent

Scolex within the lesion 

NCC Tuberculoma

SCOLEX WITHIN THE LESION 

Present Absent 

( N=25 ) 10 (40.0 %) 15 (60.0 %) 

( N=17 ) 0 (0 %) 17 (100 %) 

10 32 
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presence of scolex within the lesion in the study 

cases (40.0 %) and 

Hence, among the study population (N= 42) scolex was present in 10 cases (23.80 %) 

 

chart showing presence of scolex within the lesion in the study 

Tuberculoma

TOTAL 

25 

17 

42 
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Table 14: Descriptive analysis of features of meningitis in the study population 
(n=42) 

 
 
 
 
 

 

 

 

 

Features of meningitis were absent in all 25 cases of Neurocysticercosis (100 %). 

Out of the 17 cases of Tuberculoma, features of meningitis were present in 3 cases 

(17.64 %) and absent in 14 cases (82.35 %). (Table 14) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                               FEATURES OF MENINGITIS  

 Present Absent 

Neurocysticercosis ( n=25 ) 0 25 (100 %) 

Tuberculoma ( n=17 ) 3 (17.67 %) 14 (82.35 %) 

Total ( n=42 ) 3 39 



 

 

 

Table 15: Descriptive analysis 

 

 

 

 

 

 

 

 

Among the study population (n

cases (73.80 %) and thick 

(26.19 %) (Table 15 and Figure 37

 

Figure 37 :  Bar diagram  showing pattern of ring enhancement of lesions in the 

 

Out of 25 cases of Neurocysticercosis, 

of Neurocysticercosis ( 100 %). Out of the 17 cases of Tuberculoma, thin ring 

enhancement was seen in 6 cases ( 35.29 %) and thick irregular ring enhancement was 

seen in 11 cases ( 64.70 %)
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Neurocysticercosis

Tuberculoma ( n =17 )

Total ( n=42 )

 

 

: Descriptive analysis of post contrast features of lesions in the study 
population (n=42) 

Among the study population (n= 42) thin walled ring enhancement was present in 31 

thick irregular ring enhancement was present in 

and Figure 37) 

Figure 37 :  Bar diagram  showing pattern of ring enhancement of lesions in the 
study population (n=42) 

cases of Neurocysticercosis, thin ring enhancement was seen in all 25 cases 

of Neurocysticercosis ( 100 %). Out of the 17 cases of Tuberculoma, thin ring 

enhancement was seen in 6 cases ( 35.29 %) and thick irregular ring enhancement was 

( 64.70 %). ( Figure 37 ) 

n=25 

n=0

n=6 

n=11

Thin walled Thick irregular

Pattern of ring enhancement 

NCC  Tuberculoma 

POST CONTRAST FEATURES 

Thin walled ring 
enhancement 

Thick irregular ring 

enhancement

Neurocysticercosis ( n =25 ) 25 (100 %) 0 

( n =17 ) 6 (35.29 %)             11 (64.70%

( n=42 ) 31 11 
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post contrast features of lesions in the study 

was present in 31 

irregular ring enhancement was present in 11 cases      

 

Figure 37 :  Bar diagram  showing pattern of ring enhancement of lesions in the 

thin ring enhancement was seen in all 25 cases 

of Neurocysticercosis ( 100 %). Out of the 17 cases of Tuberculoma, thin ring 

enhancement was seen in 6 cases ( 35.29 %) and thick irregular ring enhancement was 

n=11

Tuberculoma 

Thick irregular ring 

enhancement 

64.70%) 



 

 

Table 16: Descriptive analysis of 

 

DIFFUSION

DWI 

Neurocysticercosis ( n =25 )

Tuberculoma ( n =17 )

Total ( n=42 ) 

 

 

 Among 42 cases, Restriction of diffusion was seen in 15 cases (35.71 %) and 

restriction of diffusion was absent in 27 cases (64.28 %).

 Out of 25 Neurocysticercosis cases, Restriction of diffusion was present in 3 cases 

which had scolex (12 %) and restriction of diffusion was absent in 22 cases (88 %). 

Out of 17 Tuberculoma cases, Restriction of diffusion (hyperintense on T2WI

indicative of caseating granulomas with central liquefaction

(70.58 %) and restriction of diffusion ( hypointense on T2WI

granulomas without central liquefaction

and Figure 38) 

 

 

 

 

 

 

 

 

Figure 38: Bar diagram showing 
lesions 
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: Descriptive analysis of diffusion-weighted imaging findings 
in the study population (n=42) 

DIFFUSION-WEIGHTED IMAGING FINDINGS 

Restricting Not restricting

Neurocysticercosis ( n =25 ) 3 (12 %) 22 (88.0 

Tuberculoma ( n =17 ) 12 (70.58 %) 5 (29.41 %)

 15 27

Among 42 cases, Restriction of diffusion was seen in 15 cases (35.71 %) and 

restriction of diffusion was absent in 27 cases (64.28 %). 

Out of 25 Neurocysticercosis cases, Restriction of diffusion was present in 3 cases 

which had scolex (12 %) and restriction of diffusion was absent in 22 cases (88 %). 

Out of 17 Tuberculoma cases, Restriction of diffusion (hyperintense on T2WI

of caseating granulomas with central liquefaction) was present in 12 cases 

(70.58 %) and restriction of diffusion ( hypointense on T2WI, indicative of caseating 

granulomas without central liquefaction ) was absent in 5 cases. (29.41 %). (Table 1

Bar diagram showing of diffusion-weighted imaging findings of 
lesions in the study population (n=42) 

n=3

n=22

n=12

n=5

Restricting Not restricting 

DWI findings 

NCC Tuberculoma 
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weighted imaging findings of lesions 

Not restricting 

88.0 %) 

29.41 %) 

27 

Among 42 cases, Restriction of diffusion was seen in 15 cases (35.71 %) and 

Out of 25 Neurocysticercosis cases, Restriction of diffusion was present in 3 cases 

which had scolex (12 %) and restriction of diffusion was absent in 22 cases (88 %). 

Out of 17 Tuberculoma cases, Restriction of diffusion (hyperintense on T2WI, 

) was present in 12 cases 

, indicative of caseating 

29.41 %). (Table 16 

weighted imaging findings of 

Tuberculoma 
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Table 17: Comparative analysis of ADC value of Neurocysticercosis and 
Tuberculoma in study population (n= 42) 

 

Parameter Group Mean Standard 

deviation 

P value 

ADC Values NCC ( n=25 ) 1.303 0.137 0.001 

TUBERCULOMA ( n=17 ) 0.847 0.191 

 

The mean ADC value of Neurocysticercosis (n=25) obtained in our study is as 1.30 ± 

0.13x 10-3 mm2/s, ranging between 0.92 to 1.51 x10-3mm2/s. 

 

The mean ADC value of Tuberculoma (n=17) obtained in our study is as 0.84 ± 0.191 

x 10-3 mm2/s, ranging between 0.60 to 1.21 x 10-3mm2/s.  

The difference in the ADC values of between NCC and Tuberculoma was statistically 

significant(P-value<0.001) (Table 17) 

 

Table 18: Comparative analysis of ADC value of T2 hyperintense tuberculoma     
( suggestive of caseating tuberculoma with central liquefaction ) and T2 

hypointense Tuberculoma ( suggestive of caseating tuberculoma without central 
liquefaction )  in study population(n= 17) 

 

Parameter Group Mean Standard 

deviation 

P value 

ADC Values Hyperintense  ( n=12 ) 0.742 0.090 0.001 

Hypointense  ( n= 5) 1.100 0.102 

 

The mean ADC value of T2 hyperintense Tuberculoma lesions is obtained as 0.74 ± 

0.09 x 10-3 mm2/s, rangingbetween0.62 to 0.91 x10-3mm2/s. 

The mean ADC value of T2 hypointense Tuberculoma lesions is obtained as 1.10 ± 

0.102 0.x 10-3 mm2/s, rangingbetween0.97 to 1.27 x10-3mm2/s. 

The difference in the ADC values between T2 hypointense and T2 hyperintense 

Tuberculoma was statistically significant (P-value<0.001) (Table 18) 
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Figure39: ROC analysis of predictive Validity of ADC to differentiate 

Neurocysticercosis from Tuberculoma 

The ADC value derived was 1.2 x 10-3. This ADC value had excellent predictive 

validity in differentiating Neurocysticercosis and Tuberculomas as indicated by the 

area under the curve of 0.975. The derived ADC value had sensitivity of sensitivity of 

92 % and Specificity of 94.12% in differentiating Neurocysticercosis from 

Tuberculoma. 
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Table 19: Descriptive analysis of ADC cut off value  in study population (n= 42) 

                                             ADC CUT-OFF VALUE  

ADC Values < 1.2 x 10-3 > 1.2 x 10-3. 

Neurocysticercosis 2 ( 8.0 %) 23 ( 92.0 %) 

Tuberculoma 16 ( 94.11 %) 1 ( 5.88 %) 

Total 18 24 

 

 
 

Out of 25 cases of Neurocysticercosis, 23 cases ( 92.0 %) showed ADC value  

> 1.2 x 10-3, however 2 cases ( 8.0 %) showed ADC value < 1.2 x 10-3 . 

Out of 17 cases of Tuberculoma, 16 cases ( 94.11 %) showed value < 1.1 x 10-3 

however one case ( 5.88 %)  showed ADC value of > 1.2 x 10-3 (value of 1.27 x 10-3)    

( Table 19 ) 
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Table 20: Predictive validity of ADC cut off value of 1.2 x 10-3 in differentiating 

NCC from Tuberculoma (n=42) 

 
 

Parameter 

 
 

Value 

95%CI 

Lower limit Upper limit 

Sensitivity 92.0 % 74.0 % 99.0 % 

Specificity 94.12 % 71.3 % 99.9 % 

Positive predictive value 95.8 % 78.9 % 99.9 % 

Negative predictive value 88.9 % 65.3 % 98.6 % 

False positive rate 15.64 % 2.3 % 99.1 % 

False negative rate 0.085 % 0.02 % 0.3 % 

 

 

The ADC cut off value of 1.2 x 10-3mm2/s had sensitivity of 92 % (95% CI 74.0% to 

99.0%), Specificity of 94.12% (95% CI 71.3 % to 99.9 %), positive predictive value 

was 95.8 % (95% CI 78.9 % to 99.9 % ) , negative predictive value was 88.9 % (95% 

CI 65.3  % to 98.6 ), false positive rate was 15.64 % (95% CI 2.3 %  to 99.1 %) and 

false negative rate was 0.085 % (95% CI 0.02 % to 0.3 %). (Table 20) 
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Table 21: Descriptive analysis of MR Spectroscopy imaging findings of lesions in 

the study population (n=42) 

 
 
 

 
 

Among 42 cases, 25 cases (59.52 %) showed amino acid peaks and 17 cases        

(40.47 %) showed lipid lactate peak.  

In our study, all 25 cases ( 100 %) of NCC showed amino acid peak. Out of 25 cases, 

14 ( 56 %) had raised acetate peak (1.9 ppm ), 7 ( 28 %)  had raised succinate peaks     

( 2.4 ppm ), 1 ( 4 %)  had raised lactate peak ( 1.3 ppm )  and 3  ( 9.3 %) had both 

acetate and succinate peaks. All cases had normal choline and creatinine levels, as 

well as normal choline/creatinine ratios. There was no lipid peak in NCC noted in our 

study. 

In our study, all 17 cases (100 %) of Tuberculoma showed lipid lactate peak at        

1.3 ppm. Out of 17 cases, 8 cases (47 %) showed increased Cho/creatinine ratio 

(Table 21)  

 
 
 
 
 
 
 
 
 
 

MR SPECTROSCOPY PEAKS 

 Amino acid peak Lipid lactate peak 

Neurocysticercosis ( n =25 )             25 (100 %) 0 

Tuberculoma ( n =17 ) 0                 17 (100  % ) 

Total ( n=42 ) 25 17 
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Table 22 : Descriptive analysis of final MRI diagnosis and final clinical diagnosis 

(n=42 ) 
 

Frequency 

Final radiological 
diagnosis based on 

multiparametric MRI 
findings 

Final clinical  diagnosis based 
on symptoms/ Sputum analysis 
/ Serological tests/ Chest X Ray 
Findings/ Response to therapy/ 

changes on follow up scans 

Neurocysticercosis 
( n=25 ) 

25 25 

Tuberculoma          
( n=17 ) 

17 17 

 
 

Out of 25 cases where radiological diagnosis was given as Neurocysticercosis, all 25 

cases were finally given the clinical diagnosis of Neurocysticercosis based on clinical 

symptoms and response to therapy ( Albendazole ). In few of the patients, on follow 

up scans, decrease in the number and size of lesions as well as degree of peri-lesional 

edema was noted. However, in few of the patients, the lesions completely disappeared 

and in the rest, the lesions were found to be calcified on follow up scans. 

Out of 17 cases where radiological diagnosis was given as Tuberculoma, all 17 cases 

were finally given the clinical diagnosis of Tuberculoma based on clinical symptoms, 

sputum analysis, chest X ray findings and response to treatment. In few of the  

patients, decrease in the number and size of lesions as well as peri-lesional edema was 

noted whereas in the other patients, lesions were found to be calcified on follow up 

scans. (Table 22) 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                       IMAGES 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 40    : MRI images demonstrating number of lesions in our study cases

A) MRI Axial T2WI- A single lesion
Neurocysticercosis 

B) MRI Axial FLAIR-Multiple lesions in bilateral cerebellar hemispheres
Tuberculoma 

C) MRI Axial T2WI- Conglomerate lesion in left parietal lobe 

A B

Figure 41 :  MRI FLAIR images showing Degrees of edema 

A) MRI FLAIR images : Case of Neurocysticercosis
with mild  perilesional edema

B) MRI FLAIR images: Case of Tuberculoma
moderate perilesional edema

C) MRI FLAIR images: Case of T
severe perilesional edema

 

A

 

 

Figure 40    : MRI images demonstrating number of lesions in our study cases

A single lesion noted in right frontal lobe-  Case of 

Multiple lesions in bilateral cerebellar hemispheres

Conglomerate lesion in left parietal lobe - Case of Tuberculoma

B C  

Figure 41 :  MRI FLAIR images showing Degrees of edema surrounding lesions

MRI FLAIR images : Case of Neurocysticercosis- Lesion in right occipital lobe 
perilesional edema 

MRI FLAIR images: Case of Tuberculoma- Lesion in left temporal lobe with 
moderate perilesional edema 
MRI FLAIR images: Case of Tuberculoma - Lesion in left high frontal lobe with 

perilesional edema 

B  C
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Figure 40    : MRI images demonstrating number of lesions in our study cases 

Case of 

Multiple lesions in bilateral cerebellar hemispheres- Case of 

Case of Tuberculoma 

surrounding lesions 

right occipital lobe 

Lesion in left temporal lobe with 

Lesion in left high frontal lobe with 



 

 

 

 

 

 

 
 

 

 

 

 

 

Figure 43   :  MRI T1W Axial and Saggital images showing Scolex in a 
Neurocysticercosis 

MRI Brain (Plain) A) Axial T1WI B) Sagittal T1WI shows an oval T1 
hypointense lesion in left frontal lobe 
scolex. 

A

Figure 42   : MRI images demonstrating size of lesions in our study cases

A) MRI T1W Post contrast image shows 
frontal lobe in a case of Neurocysticercosis.

B) MRI T1W Post contrast image shows a conglomerate lesion measuring ~ 17.3 
mm in left parietal lobe in a case of Tuberculoma.

A 

 

 

Figure 43   :  MRI T1W Axial and Saggital images showing Scolex in a 

MRI Brain (Plain) A) Axial T1WI B) Sagittal T1WI shows an oval T1 
hypointense lesion in left frontal lobe with central T1 hyper intensity suggestive of 

B  

Figure 42   : MRI images demonstrating size of lesions in our study cases

MRI T1W Post contrast image shows a lesion measuring ~ 4.7 mm in left 
lobe in a case of Neurocysticercosis. 

MRI T1W Post contrast image shows a conglomerate lesion measuring ~ 17.3 
mm in left parietal lobe in a case of Tuberculoma. 

B 
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Figure 43   :  MRI T1W Axial and Saggital images showing Scolex in a case of 

with central T1 hyper intensity suggestive of 

Figure 42   : MRI images demonstrating size of lesions in our study cases 

a lesion measuring ~ 4.7 mm in left 

MRI T1W Post contrast image shows a conglomerate lesion measuring ~ 17.3 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

A 

Figure 44: MR Post Contrast images in 

A) Case of Neurocysticercosis
enhancement of lesion in left frontal lobe.

B) Case of Tuberculoma
enhancement of lesion.

A 

Figure 45: MR Spectroscopy peaks in NCC and Tuberculoma.

A) Case of Neurocysticercosis: Single Voxel MR Spectroscopy shows acetate 
peak at 1.9 ppm. 

B) Case of Tuberculoma: Single Voxel MR Spectroscopy shows lipid lactate 
peak at 1.3 ppm. 

 

 

 

 

 

 

 

 

 

 

 

  

B 

Figure 44: MR Post Contrast images in Neurocysticercosis and Tuberculoma

Case of Neurocysticercosis- MRI T1W Post contrast image shows thin ring 
enhancement of lesion in left frontal lobe. 
Case of Tuberculoma- MRI T1W Post contrast image shows thick irregular 
enhancement of lesion. 

: MR Spectroscopy peaks in NCC and Tuberculoma. 

Case of Neurocysticercosis: Single Voxel MR Spectroscopy shows acetate 
 

Case of Tuberculoma: Single Voxel MR Spectroscopy shows lipid lactate 
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Neurocysticercosis and Tuberculoma 

MRI T1W Post contrast image shows thin ring 

MRI T1W Post contrast image shows thick irregular 

Case of Neurocysticercosis: Single Voxel MR Spectroscopy shows acetate 

Case of Tuberculoma: Single Voxel MR Spectroscopy shows lipid lactate 



 

 

 

 

 

 
 

 

 

 

 

 

 

 

Figure 46: Diffusion weighted imaging features in a case of Neurocysticercosis
 

MRI Brain Axial sections A) 
diffusion.  
ADC value obtained was 1.3 x 10

A 

Figure 47: Diffusion weighted imaging features in a case of 

MRI Brain Axial sections A) 
of restriction of diffusion

A 

 

 

: Diffusion weighted imaging features in a case of Neurocysticercosis

MRI Brain Axial sections A) Axial DWI (B) Axial ADC map – No restriction of 

ADC value obtained was 1.3 x 10-3 mm2/s 

B 

: Diffusion weighted imaging features in a case of Tuberculoma

MRI Brain Axial sections A) Axial DWI (B) Axial ADC map – Patchy areas 
of restriction of diffusion.  ADC value obtained was 0.73 x 10-3 mm
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: Diffusion weighted imaging features in a case of Neurocysticercosis 

No restriction of 

Tuberculoma 

Patchy areas 
mm2/s 
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STAGES OF NEUROCYSTICERCOSIS 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

VESICULAR STAGE OF NEUROCYSTICERCOSIS 

Figure 48: Vesicular Stage of Neurocysticercosis 

(A–B) MRI images (A) Axial T1WI B) Axial T2 W images. These images show a 

well-defined, subcentimetric CSF intensity lesion (orange arrow) demonstrating 

central T1 hyperintense dot sign in left frontal lobe–Neurocysticercosis 

(Vesicular stage). 

 



 

 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 COLLOIDAL VESICULAR STAGE OF NEUROCYSTICERCOSIS

Figure 49  : Colloidal vesicular stage of neurocysticercosis

 (A-C) MRI images (A)  Axial T2 WI B) Axial FLAIR images C) Axial T1 W 

post contrast images :  These images show

hypointense focus ( measuring ~ 6 mm ) ( blue arrows ) in right frontal lobe with 

mild perilesional edema. The lesion shows ring 

study – Neurocysticercosis (Colloid Vesicular stage).

A 

C 

 

 

 

COLLOIDAL VESICULAR STAGE OF NEUROCYSTICERCOSIS

Colloidal vesicular stage of neurocysticercosis 

images (A)  Axial T2 WI B) Axial FLAIR images C) Axial T1 W 

post contrast images :  These images show a well-defined T2/ FLAIR 

hypointense focus ( measuring ~ 6 mm ) ( blue arrows ) in right frontal lobe with 

mild perilesional edema. The lesion shows ring enhancement on post contrast 

Neurocysticercosis (Colloid Vesicular stage). 
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COLLOIDAL VESICULAR STAGE OF NEUROCYSTICERCOSIS 

images (A)  Axial T2 WI B) Axial FLAIR images C) Axial T1 W 

defined T2/ FLAIR 

hypointense focus ( measuring ~ 6 mm ) ( blue arrows ) in right frontal lobe with 

enhancement on post contrast 



 

 

 
 

 

 

 

 

 

   
 

 

 

 

 

GRANULAR NODULAR STAGE OF NEUROCYSTICERCOSIS

Figure 50   : Granular nodular stage of Neurocysticercosis

(A-B) MRI images (A) Axial FLAIR B) Sagittal Post Contrast images.  These 

images show a FLAIR hypointense lesions with hyperintense rim and minimal 

perilesional edema( blue arrows ) noted in right parietal lobe demonstrating 

peripheral rim enhancement on p

CALCIFIED STAGE OF NEUROCYSTICERCOSIS

Figure 51: Calcified stage of Neurocysticercosis
images.  These images show two subcentimetric blooming foci in right 
temporal lobe with no perilesional edema 
of neurocysticercosis

A 

 

 

GRANULAR NODULAR STAGE OF NEUROCYSTICERCOSIS

Granular nodular stage of Neurocysticercosis 

B) MRI images (A) Axial FLAIR B) Sagittal Post Contrast images.  These 

FLAIR hypointense lesions with hyperintense rim and minimal 

perilesional edema( blue arrows ) noted in right parietal lobe demonstrating 

peripheral rim enhancement on post contrast study. 

CALCIFIED STAGE OF NEUROCYSTICERCOSIS 

Calcified stage of Neurocysticercosis (A-B ) MRI Axial SWI 
images.  These images show two subcentimetric blooming foci in right 
temporal lobe with no perilesional edema –healed calcified granuloma stage
of neurocysticercosis. 
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GRANULAR NODULAR STAGE OF NEUROCYSTICERCOSIS 

B) MRI images (A) Axial FLAIR B) Sagittal Post Contrast images.  These 

FLAIR hypointense lesions with hyperintense rim and minimal 

perilesional edema( blue arrows ) noted in right parietal lobe demonstrating 

B ) MRI Axial SWI 
images.  These images show two subcentimetric blooming foci in right 

healed calcified granuloma stage 



 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 52: Intraventricular Neurocysticercosis

(A–C) MRI images. Axial FLAIR (A) & Axial T1W1 images ( B)  in prone 

position C ) CISS sequence in supine position.(A & B)These images show a thin 

walled ovoid lesion (green arrow) demonstrating T1 hypointensi

hyperintense dot (A) and FLAIR heterogenous hyperintensity (B) in dependent 

portion of right lateral ventricle, likely intraventricular neurocysticercosis. 

On change in position of patient from prone to supine, we can see the change in 

position of lesion from atria of right lateral ventricle to temporal horn of right 

lateral ventricle (blue arrow).

 

INTRAVENTRICULAR NEUROCYSTICERCOSIS

 

 

 

Figure 52: Intraventricular Neurocysticercosis 

C) MRI images. Axial FLAIR (A) & Axial T1W1 images ( B)  in prone 

position C ) CISS sequence in supine position.(A & B)These images show a thin 

walled ovoid lesion (green arrow) demonstrating T1 hypointensity with central 

hyperintense dot (A) and FLAIR heterogenous hyperintensity (B) in dependent 

portion of right lateral ventricle, likely intraventricular neurocysticercosis. 

On change in position of patient from prone to supine, we can see the change in 

position of lesion from atria of right lateral ventricle to temporal horn of right 

lateral ventricle (blue arrow). 

B 

INTRAVENTRICULAR NEUROCYSTICERCOSIS 
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C) MRI images. Axial FLAIR (A) & Axial T1W1 images ( B)  in prone 

position C ) CISS sequence in supine position.(A & B)These images show a thin 

ty with central 

hyperintense dot (A) and FLAIR heterogenous hyperintensity (B) in dependent 

portion of right lateral ventricle, likely intraventricular neurocysticercosis. (C) 

On change in position of patient from prone to supine, we can see the change in 

position of lesion from atria of right lateral ventricle to temporal horn of right 



 

 

 

Figure 53: Tuberculoma

 (A–E) MRI images (A) Axial T1WI (B) Axial T2 WI (C) Axial DWI (D

ADC map (E) Axial T1

iso and T2 hyperintense lesions with T2 hypointense rim

moderate perilesional edema in bilateral cerebellar hemispheres 

lobe with restricted diffusion on DWI.  

On post contrast, the lesions show thick 

caseating granulomas wit

 

A 

C 

 

 

Tuberculoma- Caseating Granulomas with central liquefaction

E) MRI images (A) Axial T1WI (B) Axial T2 WI (C) Axial DWI (D

T1W post contrast. These images show few, variable sized, T1 

iso and T2 hyperintense lesions with T2 hypointense rim (blue arrows)

perilesional edema in bilateral cerebellar hemispheres and right temporal 

with restricted diffusion on DWI.  ADC value obtained was 0.9 x 10 

On post contrast, the lesions show thick irregular ring enhancement 

caseating granulomas with central liquefaction. 

B 

D E 

 Page 85 

 

central liquefaction 

E) MRI images (A) Axial T1WI (B) Axial T2 WI (C) Axial DWI (D) Axial 

few, variable sized, T1 

(blue arrows) and 

and right temporal 

ADC value obtained was 0.9 x 10 -3 cm/s. 

ring enhancement – likely 
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Figure 54 : Tuberculoma

(A–E) MRI images (A) Axial T1WI (B) Axial T2 WI (C) Axial DWI (D

Axial ADC map (E)  Axial 

variable sized , T1 iso and T2 

( blue arrows ) and moderate perilesional edema in bilateral 

with no restricted diffusion on DWI.  

cm/s On post contrast, the lesions show thick ring enhancement 

caseating granulomas with
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D E 

Figure 54 : Tuberculoma- Caseating Granulomas without central liquefaction

E) MRI images (A) Axial T1WI (B) Axial T2 WI (C) Axial DWI (D

)  Axial T1W post contrast. These images show 

variable sized , T1 iso and T2 hypointense lesions with T2 hypointense rim 

and moderate perilesional edema in bilateral high parietal lobes

restricted diffusion on DWI.  ADC value obtained was 1.1 x    10

On post contrast, the lesions show thick ring enhancement 

caseating granulomas without central liquefaction. 
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Caseating Granulomas without central liquefaction 

E) MRI images (A) Axial T1WI (B) Axial T2 WI (C) Axial DWI (D) 

W post contrast. These images show few, 

lesions with T2 hypointense rim      

high parietal lobes 

value obtained was 1.1 x    10-3 

On post contrast, the lesions show thick ring enhancement – likely 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 55 : Follow up of a case of

(A–B) MRI images 

CoronalT1W post contrast. 

is noted in right parietal lobe associated with mild perilesional edema. 

On post contrast study (B) thin r

tuberculoma. 

(C-D) Follow up 

treatment. (C) Axial FLAIR images D) Coronal T1

These images show 

peri-lesional edema. 

A 

C 

A 

 

FOLLOW UP 

Figure 55 : Follow up of a case of Neurocysticercosis 

) MRI images before treatment (A) Axial FLAIR images (B

W post contrast. A) A T2 heterogenously hyperintense lesion 

is noted in right parietal lobe associated with mild perilesional edema. 

On post contrast study (B) thin rim enhancement is noted-

Follow up MRI images taken four months after initiation of 

treatment. (C) Axial FLAIR images D) Coronal T1W post contrast

These images show decrease in size of cystic lesion with decrease in 

edema.  

B 

D 

B 

before treatment (A) Axial FLAIR images (B) 

A) A T2 heterogenously hyperintense lesion 

is noted in right parietal lobe associated with mild perilesional edema. 

-likely 

taken four months after initiation of 

post contrast. 

decrease in size of cystic lesion with decrease in 
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Figure 56: Follow up of a case of Tuberculoma 

 (A–C) MRI images before treatment (A) Axial T1WI (B) Axial T2 WI (C) Axial 

T1W fat saturated post contrast. These images show T1 hypointense, T2 iso- 

hyperintense signal intensity lesions in pons associated with moderate perilesional 

edema (A & B). On post contrast study (C) thick irregular nodular rim-

enhancement is noted-likely tuberculoma. 

(D-E) Follow up MRI images taken seven months after initiation of treatment. 

(D) Axial T1WI E) Axial T2 WI F) Axial T1W fat post contrast. These images 

show T1 hypointense, T2 iso- hyperintense signal intensity lesions in pons 

associated with moderate perilesional edema (D & E) with thick rim-enhancement 

on post contrast study ( F ). There is a decrease in size and number of lesions 

noted as compared to pre-treatment study. 
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DISCUSSION 
 

The two most prevalent infectious causes of ring-enhancing lesions in developing 

nations are neurocysticercosis (NCC) and tuberculoma. Differentiating these lesions is a 

diagnostic challenge in neuroimaging. The differentials of ring enhancing lesions 

include both neoplastic and non-neoplastic origins. A diagnostic issue is telling NCC 

and tuberculoma apart. 

NCC and tuberculomas exhibit similar imaging findings on computed tomography, 

making it difficult to distinguish them on CT. Therefore, a further advanced method is 

needed to accurately characterize the lesions. Conventional MRI combined with 

additional advanced imaging techniques like apparent diffusion coefficient (ADC), 

magnetic resonance spectroscopy (MRS), and post contrast T1 weighted imaging helps 

characterise the lesion and makes it easier to distinguish between NCC from 

tuberculomas for the purpose of appropriate patient management. 

Our study included a total number of 42 patients. Out of 42 patients, total number of 

Neurocysticercosis cases were 25 (59.25%) and Tuberculoma was 17 (40.47%). This 

was in contrast to a study done by Jitendra Singh et al106where tuberculoma was found 

to be more common as compared to Neurocysticercosis. 

In our study, mean age of patients included was 42.85 ±14.76 years, ranging between 

21 to 78 years in the study population. Out of the 42 patients included, 25 were male  

(59. 52 %) and 17 (40.47 %) female. A similar study by Jitendra Singh et al106 

involving 100 patients showed majority of subjects being males than females  

(M -62.7%, F-37.3%).  

Seizures were the most symptom. Headache came in second place in terms of 

frequency. Less common symptoms were included focal neurological deficit and altered 

sensorium. In our study, Supratentorial lesions (80 %) were significantly greater than 
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infratentorial (19.04 %) lesions. This was in concordance with a study done by 

Maheshwarappa et al 16 where 96.6 % of cases were supratentorial and the rest were 

infratentorial.  

Overall, Out of 42 cases, Single lesion was seen in 28 cases (66.66 %) , multiple lesions 

were seen in 12 cases ( 28.57 % ) cases and conglomerate lesions were seen in ( 0.28 

%) of cases. Out of 25 cases of Neurocysticercosis, single lesion was seen in 18 cases 

(72 % ) and multiple lesions were seen in 7 cases ( 28 %).There were no conglomerate 

lesions in cases of Neurocysticercosis. Out of 17 cases of Tuberculoma, single lesion 

was seen in 10 cases ( 58.82 %), Multiple lesions were seen in 5 cases ( 29.41 % ) cases 

and conglomerate lesion were seen in 2 cases ( 0.22 %).This was in concordance with a 

study done by Sharma B et al104 which showed that single or multiple lesions were seen 

in neurocysticercosis whereas single, multiple and conglomerate lesions were seen in 

tuberculoma. 

In our study, Out of 25 cases of Neurocysticercosis, mild perilesional was seen in 18 

cases (72.0 %), moderate in 7 cases (28.0 %). Severe perilesional edema was not seen 

in any case of NCC. Out of 17 cases of Tuberculoma, mild perilesional was seen in 1 

case (5.88 %), moderate in 7 cases (41.17 %) and severe perilesional edema in 6 cases 

(35.29 %). This was in concordance with a study done by Jayendra et.al 107 which 

showed extensive perilesional edema in Tuberculomas. 

Scolex was seen in 10 (40.0 %) cases of Neurocysticercosis and was absent in all cases 

of tuberculoma. The results obtained were in concordance with a study conducted by 

Nash et al. 90 where scolex was seen in vesicular stage of Neurocysticercosis and absent 

in calcified stages. 
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Basal meningeal enhancement, indicating meningitis, was observed in 3 our study 

cases, all of which were cases of tuberculoma.No associated meningitis was seen in any 

case of NCC. Similar observation was also made in a study conducted by Chang et al37 

In our study, out of the 17 cases of Tuberculoma, thin ring enhancement was seen in 6 

cases ( 35.29 %) and thick irregular ring enhancement was seen in 11 cases ( 64.70 %), 

This was in concordance with a study done by Triveni et al 38 which showed that 

tubercular lesions more than > 1 cm showed thick nodular enhancement. Out of 25 

cases of Neurocysticercosis, thin ring enhancement was seen in all 25 cases of 

Neurocysticercosis ( 100 %).  

Out of 25 Neurocysticercosis cases, restriction of diffusion was absent in 22 cases (88 

%) and was present in 3 cases which had scolex (12 %). In our study, scolex was 

present in 9 cases and out of these 9 cases with scolex, restricted diffusion was present 

in 3 cases. A study by Shetty B et al.108, showed similar results with presence of 

restriction of diffusion in scolex in vesicular stage of NCC. 

A study done by Raffin LS et al109, also showed similar results in their study and 

concluded NCC lesions had hypointense signal on DWI. 

Out of 17 Tuberculoma cases, 12 cases (70.58 %) which were hyperintense on T2, 

indicative of caseating tuberculoma with central liquefaction showed restriction of 

diffusion whereas 5 cases ( 29.41 %) which were hypointense on T2, indicative of 

caseating tuberculomas without central liquefaction showed no restriction of diffusion. 

In T2 hyperintense tuberculoma, the presence of inflammatory cells is responsible for 

the restriction of diffusion that is absent in Neurocysticercosis and T2 hypointense 

Tuberculomas. This was in concordance with a study done by Batra A et al110 which 

showed similar kind of results in the study by concluding that those Tuberculoma 

lesions which had hyperintense center on T2 were hyperintense on DWI and those 
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lesions which had hypointense center on T2 was hypointense on DWI. A study done by 

Shetty B et al.108 showed peripheral diffusion restriction in tuberculoma and another 

study done reported the same results by concluding restricted diffusion with reduced 

ADC value  in tuberculoma.  However, our results were contradictory to the results of a 

study by Vasudev MK et al.111, wherein there was no restriction of diffusion seen in 

Tuberculoma. 

In our study, ADC of 1.2 x 10 -3 mm2/sec was taken as a cut off value. Out of 25 cases 

of Neurocysticercosis, 23 cases showed ADC value > 1.2 x 10-3 and two cases showed 

ADC value < 1.2 x 10-3. Out of 17 cases of Tuberculoma, 16 cases showed value < 1.2 

x 10-3 however one case showed ADC value > 1.2 x 10-3. Similar observation was also 

made in a study conducted by Kanminigo et al.54 

In our study, Mean ADC value for Tuberculoma (n=17) is 0.84 ± 0.191 x 10-3 and 

Mean ADC c value for Neurocysticercosis (n=25) is 1.30 ± 0.137 x 10-3.  Mean ADC 

value of T2 hypointense tuberculomas (n=5), indicative of caseating granulomas 

without central liquefaction was 1.10 ± 0.102 x 10-3 and mean ADC value of T2 

hyperintense tuberculomas (n=12) , indicative of caseating granulomas with central 

liquefaction was 0.74 ± 0.09 x 10-3 mm2/s. ADC values from the core of NCC were 

significantly higher compared to the ADC values from the core of Tuberculoma. It was 

also noted that the mean ADC value from the core of T2 hypointense lesions was 

significantly higher compared to mean ADC value from the core of T2 hyperintense 

tuberculoma lesions. A study by Gupta RK et al103 showed similar results where the 

mean ADC value for Vesicular stages of cysticercus was 1.66 ± 0.29 × 10−3, mean ADC 

value from the core of mildly T2 hyperintense tuberculoma lesions was 0.80 +/- 0.08 x 

10-3  and mean ADC value from the core of T2 hypointense tuberculoma lesions was 

1.24 +/-0.32 1x 103 . However, a study done by Basoglu et al55 showed tubercular 
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lesions as isointense and having normal ADC values.  Hence, it is possible to 

distinguish similar appearing cysticercus granulomas from tuberculomas with high 

ADC in the former compared to restricted diffusion in the later. In our study, derived 

ADC cut off value of 1.2 x 10-3 mm2/s had a sensitivity of 92 % Specificity of 94.1 %, 

and the total diagnostic accuracy of 93.02% in differentiating Neurocysticercosis from 

Tuberculoma. The ADC value of lesions had excellent predictive validity in 

differentiating Neurocysticercosis and Tuberculoma, as indicated by the area under the 

curve of 0.975 (P-value <0.001). 

From our study, we found a specific peak for Tuberculoma on Magnetic Resonance 

Spectroscopy. Al1 7 cases showed lipid lactate peak at 1.3 ppm. Out of 17 cases, 8 

cases (47%) showed increased Cho/creatinine ratio. In our study, there was no 

correlation between presences of lipid peak on MRS with core signal intensity of lesion. 

A lipid peak in MR spectra was seen in lesions, caseating tuberculomas with central 

liquefaction as well as caseating tuberculomas without central liquefaction. In solid 

caseation necrosis, infiltration with lipid-laden macrophage contributes to lipid peak 

whereas presence of lipid in tubercular bacilli as well as breakdown products of gray-

white matter is responsible for lipid peak in liquefied necrosis 16. Gupta RK et al.56 

reported the same result in their study by showing raised lipid lactate peak in 

tuberculoma. Another study showed raised lipid lactate peak in all patients except two 

cases which showed raised choline peaks.  

In our study, Out of 25 cases of NCC, all 25 cases (100%) showed amino acid peak. 

Out of 25 cases, 14 (56%) had raised acetate peak at 1.9 ppm , 7 (28%)  had raised 

succinate peaks at 2.4 ppm , I (4%)  had raised lactate peak and 3  (9.3%) had both 

acetate and succinate peaks. All cases had normal choline and creatinine levels, as well 

as normal choline/creatinine ratios. There was no lipid peak in NCC. Pretell et al96, 
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reported the same result in their study by concluding raised acetate, lactate and 

succinate in NCC. This was also in concordance with a study done by Maheshwarappa 

et al. 16 which showed similar results. Another study by Agrawal M et al. 107also found 

similar results in MRS when he evaluated three large intraparenchymal isolated 

degenerating cysticerci. Hence, it can be concluded that MR Spectroscopy is useful in 

differentiating Neurocysticercosis from Tuberculoma. Incooperating MRS into routine 

imaging helps by increasing the diagnostic yield, and aiding the clinicians in immediate 

management. 

These constellation of findings help in differentiating Neurocysticercosis and 

Tuberculoma. Size of lesions, presence of scolex, degree of perilesional edema, Post 

contrast features, MRS & DWI findings as well as ADC cut off values are important for 

diagnosis ad differentiation of NCC and tuberculoma .  
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LIMITATIONS 
 

There was no available histopathological correlation for the diagnosis. 

Presumptive diagnosis of the lesions, followed by the appropriate clinical trial and 

follow up is preferred over biopsy for these lesions (ATT for tuberculoma and 

albendazole for NCC). 
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CONCLUSION 
 

Neurocysticercosis and Tuberculoma are the most common granulomatous infections in 

India. It is a challenge to differentiate NCC and tuberculomas radiologically since they 

show the same imaging findings on computed tomography. This study was done to 

assess the role of MRI as an additional advanced modality to aptly characterize the 

lesion.  

In our study, it was seen that after post contrast, thin ring enhancement was seen in 

Neurocysticercosis lesions whereas most cases of Tuberculoma showed thick, irregular, 

nodular pattern of enhancement. Hence, pattern of ring enhancement was helpful in 

differentiating Neurocysticercosis from Tuberculoma. 

In our study, we have found specific peaks on MR Spectroscopy, namely acetate and 

succinate for Neurocysticercosis and lipid lactate peak for Tuberculoma. This further 

helped in differentiating these two granulomatous lesions. 

On diffusion weighted imaging, restriction of diffusion was absent in almost all cases of 

Neurocysticercosis however, it was present in most cases of Tuberculoma. The mean 

ADC value of core of Neurocysticercosis was found to be higher than that of 

Tuberculoma lesions. The derived ADC cut off of 1.2 x 10-3 had a sensitivity of 92 % 

and Specificity of 94.1 %, in differentiating Neurocysticercosis from Tuberculoma. 

Hence, based on features of restriction of diffusion and derived ADC values of lesions, 

we could differentiate Neurocysticercosis and Tuberculoma. 

Hence, rather than using these sequences alone, the combination of DWI, ADC MRS 

and post contrast T1 weighted imaging will boost the diagnostic yield, eliminate the 

need for unnecessary biopsy and aid the clinician in managing patients right            

away. Hence, Multiparametric MRI assessment helps to aptly characterize the        

lesions which plays a major role in patient management.  
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SUMMARY 
 

This study was a hospital based observational study involving 42 subjects, with male 

subjects in the majority. Out of 42 cases, total number of Neurocysticercosis cases 

included – 25 (59.25 %) and number of Tuberculoma cases included – 17 (40.47 %). 

Overall, Out of 42 cases, Single lesion was seen in 28 cases ( 66.66 %) and multiple 

lesions were seen in 12 cases ( 28.57 % ) and conglomerate lesions were seen in 2 cases 

(4.76 %). In our study, supratentorial lesions were significantly greater than 

infratentorial.  

In our study, out of 25 cases of Neurocysticercosis, mild perilesional was seen in 18 

cases (72.0 %) and moderate in 7 cases (28.0 %). Out of 17 cases of Tuberculoma, mild 

perilesional was seen in 1 case (5.88 %), moderate in 7 cases (41.17 %) and severe 

perilesional edema in 6 cases (35.29 %). 

Scolex was present in 10 cases (40.0 %) of Neurocysticercosis and was absent in all 

cases of Tuberculoma. Hence, presence of scolex within a lesion was indicative of 

Neurocysticercosis. 

Thin ring enhancement was seen in all 25 cases of Neurocysticercosis (100 %). Out of 

the 17 cases of Tuberculoma, thick irregular ring enhancement was seen in 11 cases       

( 64.70 %) and thin ring enhancement was seen in 6 cases (35.29 %). Among 17 cases 

of Tuberculoma, features of meningitis were present in 3 cases (17.64 %) and absent in 

14 cases (82.35 %). Features of meningitis were absent in all 25 cases of 

Neurocysticercosis (100 %). 

Out of 25 Neurocysticercosis cases, Restriction of diffusion was present in 3 cases 

which had scolex (7.14 %) and was absent in rest of the cases. Out of 17 cases of 

Tuberculoma, Restriction of diffusion was present in 12 cases (70.5 %) and was absent 

in 5 cases (29.40 %).  
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In our study, ADC cut-off value obtained was 1.2 x 10-3. Out of 25 cases of 

Neurocysticercosis, 23 cases showed ADC value > 1.2 x 10 -3; however two cases 

showed ADC value < 1.2 x 10-3. Out of 17 cases of Tuberculoma, 15 cases showed 

ADC value < 1.2 x 10 -3, however one case showed ADC value > 1.2 x 10 -3. 

In our study, Mean ADC value for Tuberculoma is 0.84 ± 0.191 x 10-3 and mean ADC 

value for Neurocysticercosis is 1.30 ± 0.137 x 10-3. Hence, it was concluded that ADC 

value of core of NCC lesions was higher than that of Tuberculoma. Among 

Tuberculoma lesions, Mean ADC value of T2 hyperintense Tuberculoma lesions, 

indicative of caseating granulomas with central liquefaction is 0.74 ± 0.090 x 10-3 and 

mean ADC value of T2 hypointense Tuberculoma lesions, indicative of caseating 

granulomas without central liquefaction is 1.10 ± 0.102 x 10-3. It was concluded that the 

ADC value of T2 hyperintense tuberculoma was higher than that of T2 hypointense 

tuberculoma 

The ADC cut off value of 1.2 x 10-3 mm2/s had a sensitivity of 92 % and Specificity of 

94.1 %, in differentiating Neurocysticercosis from Tuberculoma. This ADC cut off 

value had excellent predictive validity in differentiating Neurocysticercosis and 

Tuberculoma, as indicated by the area under the curve of 0.975 (P-value <0.001). 

On MR Spectroscopy, all 25 cases (100 %) cases of NCC showed amino acid peak, 

namely acetate at 1.9 ppm and succinate peak at 2.4 ppm. All 17 cases of Tuberculoma 

(100 %) showed lipid lactate peak at 1.3 ppm. 

These constellation of findings helped in differentiating Neurocysticercosis from 

Tuberculoma with high confidence. Size and number of lesions, presence of scolex, 

degree of perilesional edema, features of associated meningitis, Post contrast features, 

MRS and DWI findings as well as ADC values are important for diagnosis and 

differentiation of NCC from tuberculoma. 
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SRI DEVARAJ URS ACADEMY OF HIGHER EDUCATION 

ANDRESEARCH, TAMAKA, KOLAR, KARNATAKA 
 

ANNEXURE I - PATIENTPROFORMA 

 
“ROLE OF MULTIPARAMETRIC MAGNETIC RESONANCE IMAGING OF 
BRAIN IN DIFFERENTIATING NEUROCYSTICERCOSIS FROM 
TUBERCULOMA” 
 
 

DEMOGRAPHIC DETAILS: 

Name      : 

Age      : 

Sex      : 

UHID       : 

CLINICAL HISTORY : 
 

 

 

 

 

 

 

MRI PARAMETERS ASSESSED 

Number of lesions  

Size  

Margin  

Scolex  

Perilesional edema  

Features of meningitis  

Post contrast features  

Diffusion weighted imaging 

ADC values  

 

Mr spectroscopy peaks  
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SRI DEVARAJ URS ACADEMY OF HIGHER EDUCATION AND 
RESEARCH, TAMAKA, KOLAR, KARNATAKA 

 

ANNEXURE II - INFORMED CONSENT FORM 
 
STUDY TITLE: ROLE OF MULTIPARAMETRIC MAGNETIC RESONANCE 
IMAGING OF BRAIN IN DIFFERENTIATING NEUROCYSTICERCOSIS FROM 
TUBERCULOMA 

CHIEF RESEARCHER/ PG GUIDE’S NAME: Dr.ANIL KUMAR SAKALECHA 

PRINCIPALINVESTIGATOR: Dr. LYNN JOY 

NAMEOFTHE SUBJECT : 

AGE    : 

GENDER                              : 
a. I have been informed in my own language that this study involves MRI Brain with 

contrast as part of procedure. I have been explained thoroughly and understand the 
procedure. 

b. I understand that the medical information produced by this study will become part 
of institutional record and will be kept confidential by the said institute. 

c. I understand that my participation is voluntary and may refuse to participate or 
may withdraw my consent and discontinue participation at any time without 
prejudice to my present or future care at this institution. 

d. I agree not to restrict the use of any data or results that arise from this study 
provided such a use is only for scientific purpose(s). 

e. I confirm that Dr. ANIL KUMAR SAKALECHA / Dr. LYNN JOY (chief 
researcher/ name of PG guide/name of the principal investigator) has explained to 
me the purpose of research and the study procedure that I will undergo and the 
possible risks and discomforts that I may experience, in my own language. I 
hereby agree to give valid consent to participate as a subject in this research 
project. 

 

Participant’s signature /thumb impression 
 

Signature of the witness:    Date: 
 
1) 
 
2) 

I have explained to (subject) the purpose of the research, the possible risk and benefits 
to the best of my ability. 
 

Chief Researcher/ Guide signature   Date: 
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SRI  DEVARAJ URS ACADEMY OF HIGHER EDUCATION AND 

RESEARCH, TAMAKA, KOLAR, KARNATAKA 

 
ANNEXURE III – PATIENT INFORMATION SHEET 

 
Principal Investigator : Dr. Lynn Joy / Dr. Anil Kumar Sakalecha 

 
 
I, Dr. Lynn Joy, post-graduate student in Department of Radio-Diagnosis at                 

Sri Devaraj Urs Medical College, will be conducting a study titled “ROLE OF 

MULTIPARAMETRIC MAGNETIC RESONANCE IMAGING OF BRAIN IN 

DIFFERENTIATING NEUROCYSTICERCOSIS FROM TUBERCULOMA” form 

dissertation under the guidance of Dr. Anil Kumar Sakalecha, Professor, Department of 

Radio-Diagnosis. In this study, we will assess the Brain magnetic resonance imaging 

features in differentiating Neurocysticercosis from Tuberculoma. You will undergo 

MRI Brain with contrast to enter the study. You will not be paid any financial 

compensation for participating in this research project. 

All of your personal data will be kept confidential and will be used only for research 

purpose by this institution. You are free to participate in the study. You can also 

withdraw from the study at any point of time without giving any reasons whatsoever. 

Your refusal to participate will not prejudice you to any present or future care at this 

institution 

Name and Signature of the Principal Investigator 

Phone number- 9741971175 

Email id: lynnjoy26@gmail.com 
 
 

Date: 
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LIST OF ABBREVIATIOS

GLOSSARY EXPANSION 

A Absent 

ADC Apparent diffusion coefficient 

AA Amino Acid 

AFB Acid Fast bacilli 

F Female 

F/U Follow Up 

LL Lipid Lactate 

M Male 

MRS MR Spectroscopy 

P Present 

Tx Treatment 

TB Tuberculosis 
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S.No 
uHID 

no 
SEX age 

Size    
( mm 

) 
number location edema Scolex margins 

Post contrast 
Ring 

Enhancement 
meningitis 

MRS 
peaks 

DWI  
features 

ADC 
values  

(x 10-3) 
Follow up 

1 155320 M 52 8 x 11 Single 
right 

frontal 
moderate 

A 
smooth Thick irregular A LL 

Patchy areas 
of restriction 

0.62  
F / U scan showed decrease 

in size and number of 
lesions, K/c/ o tuberculosis 

2 164419 F 30 
10 x 
11 

Single left frontal Severe 

A 
smooth Thick irregular A 

LL 
Patchy areas 
of restriction 

0.65  

F / U scan showed decrease 
in size and number of 
lesions , Sputum AFB 

positive.  

3 166787 M 21 16 x 6 
Conglo
merate 

diffuse Moderate 
A 

irregular Thick irregular P 
LL 

Patchy areas 
of restriction 

0.69  
F / U scan showed decrease 

in size, Sputum AFB 
Positive 

4 166238 F 24 10 x 8 Multiple diffuse Severe 
A 

irregular Thick irregular A 
LL 

Patchy areas 
of restriction 

0.69 
K/c/o tuberculosis ,Follow 

up scan done showed 
decrease in size of lesion, 

5 164528 M 45 
14 x 
10 

Single 

Bilateral 
Cerebellar 
hemispher

e 

Moderate 

A 
irregular Thick irregular A 

LL 
Patchy areas 
of restriction 

0.71  
F / U scan showed decrease, 

Sputum AFB positive. 
Started on anti TB therapy 

6 160451 M 57 10 x 8 Single 

Left 
Cerebellar 
hemispher

e 

Moderate 

A 
Irregular Thick irregular A 

LL 
Patchy areas 
of restriction 

0.72 
F / U scan showed decrease, 

K/c/ o tuberculosis 

7 155595 F 28 11 x 7 Multiple Diffuse Mild 

A 

Smooth Thin A 

LL 
Patchy areas 
of restriction 

0.70  

F / U scan showed decrease 
in size and number of 

lesions ,Already K/C/O 
tuberculosis. Already taking 

anti TB medications. 

8 163438 M 52 8 x 7 Multiple Left frontal Severe 
A 

irregular Thick irregular A 
LL 

Patchy areas 
of restriction 

0.75  
F / U scan showed decrease 
in size and number, k/c/o 

TB 

9 155907 F 45 8 x7 Single 

Right 
Cerebellar 
hemispher

e 

Severe 

A 
Irregular Thick irregular A 

LL 
Patchy areas 
of restriction 

0.76  
F / U scan showed decrease 
K/c/o tuberculosis, Chest X 

ray done 

10 162805 M 56 8 x 7 Single left frontal Moderate 
A 

Smooth Thin A 
LL Patchy areas 

of restriction 
0.81  

F / U scan showed decrease 
in size and number 

11 164087 M 34 
17 x 
11  

Conglo
merate 

Right 
frontal 

Severe 

A 
Irregular Thick irregular A 

LL 
Patchy areas 
of restriction 

0.9  
F / U scan showed decrease 
in size and number, Sputum 

AFB positive,  
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12 159351 M 32 9 x 8 Multiple 
Right 
frontal 

Severe 
A 

Irregular Thick irregular A 
LL 

Patchy areas 
of restriction 

0.91  
F / U scan showed decrease 
in size and number, K/c/o 

tuberculosis,  

13 158702 M 47 10 x 9 Multiple 
Right 

parietal 
Moderate 

A 
Irregular Thick irregular A 

LL 
No restriction 0.97  

F / U scan showed decrease 
in size and number, Sputum 

AFB positive. Started on 
anti TB therapy 

14 164326 M 64 8 x11  Single 
Left 

occipital 
Moderate 

A 
Smooth Thin P 

LL 
No restriction 1.05  

F / U scan showed decrease 
in size and number, Sputum 

AFB positive. Started on 
anti TB therapy 

15 157735 F 52 16 x 9 Multiple 
Right 
frontal 

Moderate 

A 
Smooth Thin A 

LL 
No restriction 1.07  

F / U scan showed decrease 
in size and number Already 
K/C/O tuberculosis. Already 
taking anti TB medications. 

16 161244 F 57 
11 x 
10  

Single 
Left 

occipital 
Severe 

A 
Smooth Thin 

A LL 
No restriction 1.2  

F / U scan showed decrease 
in size and number 

17 167248 F 32 7 x7 Multiple 
Right 
frontal 

Moderate 

A 
Smooth Thin 

P LL 
no restriction 1.21  

F / U scan showed decrease 
in size of lesions, Already 

K/C/O tuberculosis. 

18 173252 F 47 
12 x 
10  

Single 
Left 

occipital 
Severe 

A 
Smooth Thin 

A LL 
No restriction 1.2  

F / U scan showed decrease 
in size and number 

19 165726 M 78 9 x 7 Multiple Multiple mild 

A 

smooth thin walled 

A 
AA - 

acetate 
no restriction 1.25  

F / U scan showed decrease 
in size and number 

Remission of symptoms 
following albendazole 

therapy 

20 165727 M 54 10 x 7 Multiple Multiple mild 

A 

smooth thin walled 

A 
AA - 

acetate 
no restriction 1.25  

F / U scan showed decrease 
in size and number 

Remission of symptoms 
following albendazole 

therapy 

21 167107 M 24 5 x 4 Single left frontal moderate 
A 

smooth thin walled 
A AA - 

acetate - 
no restriction 1.32  

F / U scan showed decrease 
in size and number 

22 161188 M 23 4 x3 Single 
right 

frontal 
Moderate 

A 
smooth thin walled 

A AA - 
acetate 

no restriction 1.41  
F / U scan done. Decrease in 

size of lesion following tx 

23 160652 F 45 2 x 2 Single left parietal Mild 
A 

smooth thin walled 
A AA - 

acetate 
no restriction 1.51  

F / U scan done. Decrease in 
size of lesion following tx 
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24 155112 F 26 5x 4 Single 
right 

frontal 
Mild 

A 

smooth thin walled 

A 
AA - 

acetate 
no restriction 1.23  

F / U scan done. Decrease in 
size of lesion following tx, 

Remission of symptoms 
following albendazole 

therapy 

25 166575 F 43 9 x 7 Multiple Diffuse Mild 

A 

smooth thin walled 

A 
AA - 

acetate 
restriction in 

scolex 
0.97  

F / U scan showed decrease 
in size and number, 

Remission of symptoms 
following albendazole 

therapy 

26 163249 F 16 9 x 7 Multiple left frontal Moderate 

A 

smooth thin walled 

A 
AA - 

acetate 
No restriction 1.31  

F / U scan showed decrease 
in size and number, 

Remission of symptoms 
following albendazole 

therapy 

27 163173 M 24 5 x 4 Single 
right 

frontal 
Mild 

A 

smooth thin walled 

A AA - 
acetate 

No restriction 1.22  

F / U scan showed decrease 
in size and number, 

Remission of symptoms 
follwing albendazole 

therapy 

28 158835 F 35 3 x 3 Single 
left 

parieto-
occipital 

Mild 

A 

Smooth thin walled 

A AA - 
acetate 

No restriction 1.32  

F / U scan showed decrease 
in size and 

number,Remission of 
symptoms following 
albendazole therapy 

29 164925 M 40 4 x 3 Single left parietal mild P smooth thin walled 

A AA - 
acetate 

No restriction 1.34  

F / U scan showed decrease 
in size and 

number,Remission of 
symptoms follwing 
albendazole therapy 

30 166996 F 25 3 x 2 Single 
left 

temporal 
Moderate P Smooth thin walled 

A AA - 
acetate No restriction 1.42  

F / U Scan done. Decrease 
in size of lesion following tx 

31 157938 M 25 8 x 7 Single left frontal Mild P smooth thin walled 

A AA - 
acetate 

no restriction 1.32  

F / U scan showed decrease 
in size and number, 

Remission of symptoms 
following albendazole 

therapy 

32 166087 M 23 3 x 3 Single 
right 

frontal 
Mild P smooth thin walled 

A AA - 
acetate 

no restriction 1.37  

F / U scan showed decrease 
in size and number, 

Remission of symptoms 
following albendazole 

therapy 

33 167516 M 26 4 x 3 Single left parietla Mild P smooth thin walled 

A 
AA - 

succinate 
No restriction 1.34  

F / U scan showed decrease 
in size and number, 

Remission of symptoms 
following albendazole 
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therapy 

34 164704 M 26 3x2 Single left frontal Moderate P smooth thin walled 

A 
AA - 

succinate 
Restriction in 

scolex 
1.34  

F / U scan showed calcified 
lesion, Remission of 
symptoms following 
albendazole therapy 

35 164138 F 25 5 x 5 Single 
left 

occipital 
Mild A smooth thin walled 

A 
AA - 

succinate 
No restriction 1.31  

F / U scan - calcified lesion, 
Remission of symptoms 
following albendazole 

therapy 

36 166507 F 20 9 x 8 Single 
Intravenric
ular, Right 

frontal 
Mild P smooth thin walled 

A 
AA - 

succinate 
No restriction 1.51  

F / U scan done, - calcified 
lesion .Remission of 
symptoms follwing 
albendazole therapy 

37 156340 F 45 6 x 5 Multiple Diffuse Mild P Smooth Thin walled 

A 
AA - 

succinate 
No restriction 1.42  

F / U scan-calciifed lesion 
Remission of symptoms 
following albendazole 

therapy 

38 155629 M 47 6 x 6 Multiple 
Right 
frontal 

Moderate 
    P 

Smooth Thin walled 

A 
AA - 

succinate 
No restriction 1.22  

F / U scan -decrease in size 
and number, Remission of 

symptoms following 
albendazole therapy 

39 160813 M 51 7 x 4 Multiple 
Right 
frontal 

Mild A Smooth Thin walled 

A 
AA - 

succinate 
No restriction 1.32  

F / U scan - decrease in size 
and number, Remission of 

symptoms following 
albendazole therapy 

40 162920 M 58 6 x 5 Multiple 
Left 

parietal 
Moderate A Smooth Thin walled 

A 
AA - 

lactate 
No restriction 1.43 

F / U scan -decrease in size 
and number, Remission of 

symptoms follwing 
albendazole therapy 

41 

161253 M 55 7 x 7 Single Left 
parietal 

Mild A Smooth Thin walled A AA - 
acetate & 
succinate 

No restriction 1.21 F / U scan -decrease in size 
and number, Remission of 

symptoms following 
albendazole therapy 

42 

165543 M 59 8 x 7 Single Right 
frontal 

Mild A Smooth Thin walled A AA - 
acetate & 
succinate 

No restriction 1.37  F / U scan -decrease in size, 
Remission of symptoms 
following albendazole 

therapy 

 


