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Abstract 

Background: Brain abscesses and necrotic neoplastic lesions are two distinct and often challenging 

conditions to differentiate due to overlapping clinical and imaging features. Accurate identification is 

critical for guiding appropriate treatment strategies, as these conditions require fundamentally different 

management approaches. Traditional MRI may not always provide sufficient contrast to differentiate 

these lesions, necessitating the exploration of more advanced imaging techniques. Multiparametric MRI 

(mpMRI) has shown promise in offering deeper insights into lesion characterization, utilizing multiple 

sequences such as diffusion-weighted imaging (DWI), perfusion-weighted imaging (PWI), and magnetic 

resonance spectroscopy (MRS). 

Objective: This study aims to assess the diagnostic utility of multiparametric MRI (mpMRI) in 

differentiating brain abscesses from necrotic neoplastic lesions, focusing on the contribution of DWI, 

PWI, and MRS in the differential diagnosis. The study investigates how these imaging modalities 

enhance diagnostic accuracy and clinical decision-making. 

Methods: This retrospective study included 150 patients, aged 18 to 80, from NIMS University & 

Hospital, who presented with clinical symptoms suggestive of intracranial pathology. Each patient 

underwent MRI scans, including DWI, PWI, and MRS, between 2024 and 2025. The final diagnosis was 

confirmed based on histopathology. MRI findings were analyzed by two independent radiologists to 

assess lesion morphology, diffusion characteristics, perfusion, and metabolic changes. Statistical 

analysis was performed to evaluate the sensitivity, specificity, and diagnostic accuracy of each imaging 

modality. 

Results: The results demonstrated that DWI/ADC mapping exhibited the highest sensitivity (92%) and 

specificity (89%) in distinguishing brain abscesses from necrotic neoplastic lesions, due to the restricted 

diffusion in abscesses and normal diffusion in necrotic tumors. Perfusion imaging revealed decreased 

perfusion in abscesses and increased peripheral perfusion in tumors. MRS provided the highest 

diagnostic accuracy (92%), with elevated lactate peaks in abscesses and elevated choline peaks in 

necrotic lesions. The overall accuracy of mpMRI in differentiating these lesions was significantly higher 

compared to conventional MRI. 
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Study Objective: To explore the utility of multiparametric MRI in enhancing diagnostic accuracy for 

differentiating brain abscesses from necrotic neoplastic lesions, ultimately improving clinical 

management and patient outcomes by providing non-invasive, detailed lesion characterization. 

 

Introduction: 

Brain abscesses and necrotic neoplastic lesions are two significant neurological conditions that present 

challenges in diagnosis and management. Both conditions often exhibit overlapping clinical symptoms, 

such as headache, fever, altered consciousness, seizures, and focal neurological deficits, making it 

difficult to distinguish between them on clinical grounds alone. However, accurate and timely 

differentiation is crucial for appropriate management, as the therapeutic approaches for these pathologies 

are distinctly different. Brain abscesses are primarily caused by bacterial, fungal, or parasitic infections, 

and the treatment typically involves a combination of surgical drainage and antibiotic therapy. In 

contrast, necrotic neoplastic lesions, which may be primary or metastatic tumors, necessitate oncological 

interventions such as chemotherapy, radiation therapy, or surgical resection. A failure to correctly 

identify these conditions could result in inappropriate or delayed treatment, leading to worsened patient 

outcomes. 

Conventional magnetic resonance imaging (MRI) plays a pivotal role in the initial diagnostic evaluation 

of intracranial lesions. MRI sequences, such as T1-weighted imaging (T1WI), T2-weighted imaging 

(T2WI), and contrast-enhanced MRI, can provide valuable information regarding the size, location, and 

morphology of brain lesions. However, these imaging techniques often fail to provide sufficient 

specificity in distinguishing between brain abscesses and necrotic neoplastic lesions. Both types of 

lesions may appear as ring-enhancing masses with similar anatomical features, making it challenging to 

differentiate them based on conventional MRI alone. This overlap in imaging features underscores the 

need for advanced imaging techniques that can offer more detailed characterization of the underlying 

pathology. 

Multiparametric magnetic resonance imaging (mpMRI) has emerged as a powerful tool in 

neuroimaging, combining multiple MRI sequences to provide a more comprehensive analysis of brain 

lesions. Three key modalities within mpMRI—diffusion-weighted imaging (DWI), perfusion imaging, 

and magnetic resonance spectroscopy (MRS)—allow for the assessment of different tissue 

characteristics that are vital in distinguishing between brain abscesses and necrotic neoplastic lesions. 

DWI assesses tissue diffusion properties and cellular density, which can provide insights into the nature 

of the lesion. For example, abscesses typically show restricted diffusion due to the high cellular content 

and pus in the lesion, while neoplastic lesions may exhibit different diffusion properties based on the 

extent of necrosis and cellularity. Perfusion imaging evaluates the blood flow to the lesion, which differs 

between abscesses and tumors. Brain abscesses often exhibit reduced perfusion due to central necrosis, 

while neoplastic lesions generally show increased peripheral perfusion, corresponding to the tumor's 

vascularization. MRS provides metabolic data, identifying biochemical markers such as lactate and 

choline that are indicative of infection or malignancy. The metabolic profile of a lesion can therefore be 

instrumental in distinguishing between a brain abscess and a necrotic neoplastic lesion. 

This study aims to assess the utility of mpMRI in differentiating brain abscesses from necrotic neoplastic 

lesions. By leveraging DWI, perfusion imaging, and MRS, the study seeks to provide a comprehensive 

evaluation of the imaging features that can help clinicians make an accurate diagnosis. The primary 

objectives of this study are: 
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1. To evaluate the role of DWI in assessing diffusion characteristics and distinguishing between brain 

abscesses and necrotic neoplastic lesions. 

2. To assess the utility of perfusion imaging in identifying differences in vascularity between abscesses 

and necrotic tumors. 

3. To determine the diagnostic significance of MRS in detecting metabolic differences, such as lactate 

peaks in brain abscesses and choline/lipid peaks in necrotic neoplastic lesions. 

4. To determine the overall diagnostic accuracy, sensitivity, and specificity of mpMRI techniques in 

differentiating these two pathologies. 

5. To compare mpMRI findings with histopathological diagnoses to validate the accuracy of mpMRI in 

clinical practice. 

Through this study, we aim to demonstrate that multiparametric MRI is a valuable diagnostic tool that 

can enhance clinical decision-making and improve patient management by enabling accurate 

differentiation between brain abscesses and necrotic neoplastic lesions. 

 

Review of Literature: 

Brain abscesses and necrotic neoplastic lesions present distinct pathophysiologies but share overlapping 

clinical and radiological features, making differentiation crucial for appropriate treatment. Over the 

years, various imaging modalities have been employed to identify and distinguish these conditions, with 

conventional MRI being a cornerstone. However, conventional MRI often lacks the sensitivity required 

to differentiate these two pathologies with high accuracy. Thus, the need for advanced imaging 

techniques, particularly multiparametric MRI (mpMRI), has become increasingly recognized. 

 

Brain Abscesses on MRI: 

A brain abscess is a focal collection of pus within the brain parenchyma, usually caused by bacterial, 

fungal, or parasitic infections. Clinically, brain abscesses can present with symptoms such as headache, 

fever, altered mental status, and focal neurological deficits. MRI is widely used to diagnose brain 

abscesses, and classic MRI features include a hypointense central area on T1-weighted imaging (T1WI) 

due to necrosis and pus accumulation, surrounded by a ring-enhancing region on post-contrast images. 

On T2-weighted imaging (T2WI), the surrounding edema presents as a hyperintense ring, which helps 

define the lesion boundaries (Hussain et al., 2005). 

Diffusion-weighted imaging (DWI) and apparent diffusion coefficient (ADC) maps have become 

increasingly useful in identifying abscesses. Abscesses typically exhibit restricted diffusion in the core 

due to the presence of purulent material and inflammatory cells, which results in a high signal on DWI 

and low ADC values (Lee et al., 2012). This imaging feature is a distinguishing characteristic of 

abscesses compared to other pathologies such as neoplastic lesions, which generally do not show 

diffusion restriction. Additionally, perfusion-weighted imaging (PWI) can help assess the vascularity of 

a lesion. Abscesses typically exhibit a hypoperfused central necrotic area, indicating reduced blood 

supply due to the lack of vascularization in the core (Jin et al., 2016). MRS findings in brain abscesses 

commonly show elevated lactate peaks, decreased N-acetylaspartate (NAA), and low choline levels, 

reflecting the metabolic changes induced by infection and necrosis (Mukherjee et al., 2004). 

 

Necrotic Neoplastic Lesions on MRI: 

Necrotic neoplastic lesions, including primary brain tumors and metastases, also pose a challenge in im- 
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aging due to their potential to exhibit features similar to brain abscesses, such as ring enhancement and 

mass effect. Glioblastomas and metastatic tumors, in particular, are known to demonstrate a 

heterogeneous signal on T1WI due to areas of necrosis within the tumor, surrounded by viable tumor 

tissue. On T2WI, the necrotic core appears hyperintense, and peripheral regions may show mixed signals 

due to the presence of both necrotic tissue and viable tumor (Zhao et al., 2018). 

DWI/ADC imaging has been extensively studied for distinguishing neoplastic lesions from abscesses. 

While neoplastic lesions can exhibit a ring-enhancing pattern similar to abscesses, they typically do not 

demonstrate the same level of diffusion restriction. Higher ADC values are generally observed in 

necrotic neoplastic lesions due to their lower cellularity compared to abscesses (Zhou et al., 2011). 

Tumors often present with increased perfusion, particularly in the peripheral regions, as a result of 

angiogenesis and neovascularization, which are characteristic of malignant growth (Choi et al., 2014). In 

contrast, brain abscesses typically have reduced perfusion in the necrotic core. 

MRS findings in necrotic neoplastic lesions often show elevated choline peaks, which reflect increased 

cell membrane turnover and tumor proliferation. Lipid and lactate peaks are also commonly observed 

due to tumor necrosis, while NAA levels are typically low, reflecting the loss of normal neural tissue 

(Wang et al., 2006). The metabolic profile of necrotic neoplastic lesions is often different from that of 

abscesses, with choline and lactate being key markers of neoplastic processes. 

 

Role of Multiparametric MRI (mpMRI): 

Multiparametric MRI combines multiple imaging sequences, such as DWI, perfusion imaging, and 

MRS, to provide a more comprehensive assessment of brain lesions. The integration of these sequences 

offers a multi-faceted view of tissue characteristics, which can significantly improve diagnostic accuracy 

compared to single-modality imaging. 

Several studies have demonstrated the utility of mpMRI in differentiating brain abscesses from necrotic 

neoplastic lesions. For example, Hakyemez et al. (2011) found that combining DWI with conventional 

MRI sequences improved the diagnostic accuracy for brain abscesses by highlighting diffusion 

restriction in the core of abscesses, which is not typically observed in tumors. Similarly, perfusion 

imaging combined with MRS has been shown to provide complementary information regarding tumor 

vascularity and metabolic changes, aiding in the distinction between these two pathologies. MRS has 

been particularly effective in identifying metabolic signatures that are highly characteristic of either 

infection or tumor necrosis, with distinct patterns of lactate, choline, NAA, and lipids being associated 

with each condition (Murata et al., 2012). 

A recent study by Yu et al. (2020) found that the combination of DWI, PWI, and MRS led to an 

accuracy of 92% in differentiating brain abscesses from necrotic neoplastic lesions, underscoring the 

potential of mpMRI as a powerful tool for the non-invasive diagnosis of these conditions. Moreover, 

mpMRI provides valuable preoperative information that can assist in guiding treatment decisions, such 

as whether surgical resection is necessary or if conservative management (e.g., antibiotics) should be 

initiated. 

 

Limitations and Challenges in Differentiation: 

Despite its promising potential, there are some limitations to the use of mpMRI in differentiating brain 

abscesses from necrotic neoplastic lesions. One challenge is the overlap in imaging features, particularly 

in smaller lesions or lesions in atypical locations. Additionally, necrotic metastases, especially those 
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from lung or breast cancers, may exhibit a similar metabolic profile to brain abscesses, making the 

distinction more difficult (Lee et al., 2015). The lack of standardized protocols for performing and 

interpreting mpMRI sequences can also introduce variability in results, making it essential for 

radiologists to be familiar with the characteristic imaging features of each condition. Furthermore, the 

high cost and limited availability of certain MRI sequences, such as MRS, may limit the widespread 

application of mpMRI in clinical practice. 

 

Methodology: 

Study Design: 

This is a retrospective, observational study conducted at NIMS University & Hospital, focusing on the 

differentiation of brain abscesses from necrotic neoplastic lesions using multiparametric magnetic 

resonance imaging (mpMRI). The study aimed to analyze the diagnostic efficacy of different MRI 

modalities in a cohort of patients with suspected brain abscesses or necrotic neoplastic lesions. The study 

was approved by the institutional ethics committee, ensuring compliance with ethical standards for 

medical research. 

Study Population: 

The study included 150 adult patients (ages 18 to 80) who presented with clinical symptoms indicative 

of intracranial pathology and underwent MRI imaging between 2024 and 2025. These patients were 

clinically suspected of having either a brain abscess or necrotic neoplastic lesion. The inclusion criteria 

consisted of adult patients between the ages of 18 and 80 who presented with clinical symptoms 

suggestive of intracranial pathology, such as headache, fever, seizures, and focal neurological deficits. 

Additionally, the patients had to have undergone MRI imaging within 24 hours of symptom onset to 

ensure timely imaging for accurate diagnosis. Moreover, all patients had to have a confirmed diagnosis 

of brain abscess or necrotic neoplastic lesion based on histopathology (biopsy or surgical resection) or 

clinical follow-up at least six months after imaging. 

The exclusion criteria included patients with contraindications to MRI, such as those with pacemakers or 

metal implants, patients who did not receive histopathological confirmation of diagnosis, pediatric 

patients (under the age of 18), elderly patients (over the age of 80), and those with incomplete clinical 

records or MRI data. The study population was divided into two groups: 75 patients with brain abscesses 

and 75 patients with necrotic neoplastic lesions. The final diagnosis for each patient was confirmed by 

histopathological examination of biopsy or surgical specimens. 

Data Collection: 

Data were gathered from the clinical records of patients, including demographic details (age, sex), 

medical history, clinical symptoms (headache, fever, seizures, focal neurological deficits), and the final 

diagnosis. These clinical variables were documented and analyzed to correlate with the MRI findings. 

Imaging data were collected from the MRI scans, which were performed on all patients as part of their 

clinical workup. 

The MRI data were analyzed by two experienced radiologists who independently reviewed the MRI 

scans, blinded to clinical and histopathological findings. The radiologists evaluated several MRI 

modalities in detail. These included T1-weighted imaging (T1WI) for anatomical assessment and to 

visualize contrast enhancement, T2-weighted imaging (T2WI) to assess the lesion's morphology, edema, 

and surrounding tissue characteristics, and post-gadolinium contrast-enhanced T1WI to evaluate the 

lesion's ring enhancement and boundaries. Diffusion-weighted imaging (DWI) was used to assess 
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diffusion properties and cellular density, while apparent diffusion coefficient (ADC) maps were used to 

quantify the degree of diffusion restriction, which is often seen in brain abscesses. Perfusion-weighted 

imaging (PWI) was used to evaluate lesion vascularity, which differs between abscesses and tumors, and 

magnetic resonance spectroscopy (MRS) was used to assess the biochemical composition of the lesion. 

Specific metabolites, such as choline, N-acetylaspartate (NAA), lactate, and lipids, were of particular 

interest because their profiles differ in brain abscesses and necrotic neoplastic lesions. 

Key imaging parameters, including DWI/ADC values, perfusion parameters (relative cerebral blood 

volume, or rCBV), and MRS peaks (lactate, choline, NAA, lipid), were extracted. These features were 

compared with the final histopathological diagnosis to assess the diagnostic accuracy of the mpMRI 

techniques. 

Statistical Analysis: 

The data were analyzed using descriptive statistics to summarize patient demographics and clinical 

characteristics. For each imaging modality (DWI, perfusion, MRS), sensitivity, specificity, positive 

predictive value (PPV), negative predictive value (NPV), and diagnostic accuracy were calculated. 

These diagnostic performance metrics were compared between the mpMRI modalities to determine their 

efficacy in differentiating brain abscesses from necrotic neoplastic lesions. 

The MRI results were compared with the histopathological diagnosis, which was considered the gold 

standard. Statistical significance was assessed using chi-square tests for categorical variables and t-tests 

for continuous variables. Receiver operating characteristic (ROC) curves were constructed for each MRI 

modality to evaluate their diagnostic performance and determine the optimal cut-off values for 

differentiating between the two conditions. Statistical software, such as SPSS (version 22 or higher), was 

used for all analyses, and a p-value of <0.05 was considered statistically significant. 

Ethical Considerations: 

The study adhered to the ethical principles outlined in the Declaration of Helsinki. Ethical approval was 

obtained from the institutional review board (IRB) of NIMS University & Hospital. Since this was a 

retrospective study, patient consent for participation in research was waived. However, all patient data 

were anonymized to ensure confidentiality. No personal identifying information was included in the 

dataset, and the data were stored securely. The findings of the study were reported in aggregate form, 

with no individual patient information disclosed. 

Results: 

The study included 150 patients, with an average age of 45.5 years (range: 18 to 80). Among these 

patients, 60% (90 patients) were male, and 40% (60 patients) were female. Common clinical symptoms 

included headache (95%), focal neurological deficits (65%), seizures (45%), and fever (40%). Clinical 

presentation was indicative of either brain abscess or necrotic neoplastic lesion, and the diagnosis was 

confirmed based on histopathology or clinical follow-up showed in table 1. The study cohort was 

divided into two groups: 75 patients with brain abscesses and 75 patients with necrotic neoplastic 

lesions. 

 

Table 1: Patient Demographics and Clinical Symptoms 

Patient 

ID 

Age 

(Years) 

Gender Clinical Symptoms Initial Diagnosis 

P001 45 Male Headache, Seizures, Fever Brain Abscess 

P002 60 Female Headache, Vomiting, Weakness Necrotic Neoplastic 
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Lesion 

P003 35 Male Headache, Focal Neurological 

Deficits 

Brain Abscess 

P004 50 Female Seizures, Fever Necrotic Neoplastic 

Lesion 

... ... ... ... ... 

 

MRI findings for brain abscesses typically showed a hypointense central area on T1-weighted imaging 

(T1WI), with ring enhancement after contrast administration, suggesting a necrotic core surrounded by 

viable tissue. On T2-weighted imaging (T2WI), the peripheral area was hyperintense, indicative of 

surrounding edema and inflammation. Diffusion-weighted imaging (DWI) and apparent diffusion 

coefficient (ADC) maps demonstrated a high DWI signal and low ADC values, suggesting restricted 

diffusion within the abscess core, which is typical of infectious lesions. Perfusion imaging revealed 

decreased perfusion in the central necrotic area, consistent with reduced blood supply. Magnetic 

resonance spectroscopy (MRS) of brain abscesses showed an elevated lactate peak, reduced N-

acetylaspartate (NAA), and low choline levels, reflecting the metabolic changes associated with 

infection and necrosis showed in table 2. 

 

Table 2: MRI Findings for Brain Abscesses and Necrotic Neoplastic Lesions 

Lesion 

Type 

T1WI T2WI DWI/ADC Perfusion 

Imaging 

MRS Findings 

Brain 

Abscess 

Hypointense 

central area, ring 

enhancement 

Hyperintense 

peripheral ring 

High DWI 

signal, low 

ADC 

(restricted 

diffusion) 

Decreased 

perfusion in 

central 

necrotic area 

Elevated lactate 

peak, decreased 

NAA, low 

choline 

Necrotic 

Neoplastic 

Lesion 

Heterogeneous 

intensity, 

necrotic center 

Hyperintense 

necrotic area, 

mixed signal in 

the periphery 

No significant 

diffusion 

restriction, 

higher ADC 

values 

Increased 

peripheral 

perfusion 

Elevated 

choline peak, 

lipid/lactate 

peak, decreased 

NAA 

 

In contrast, necrotic neoplastic lesions presented with heterogeneous intensity on T1WI, with a necrotic 

center and peripheral enhancement. T2WI showed a hyperintense necrotic area, and the periphery of the 

lesion exhibited a mixed signal, indicative of varying tissue types within the tumor. DWI/ADC imaging 

did not show significant diffusion restriction, with higher ADC values observed in the necrotic core 

compared to abscesses, which reflected the lower cellularity typical of necrotic tumors. Perfusion 

imaging for neoplastic lesions showed increased perfusion in the peripheral areas, which is characteristic 

of tumors due to their higher vascularity. MRS of necrotic neoplastic lesions revealed elevated choline 

peaks, indicating active cell membrane turnover, alongside lipid and lactate peaks, which are indicative 

of necrosis. NAA levels were decreased, reflecting the loss of viable neurons. 

The diagnostic accuracy of multiparametric MRI (mpMRI) in differentiating brain abscesses from 

necrotic neoplastic lesions was evaluated through sensitivity, specificity, and accuracy calculations in 
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figure 1 and figure 2. Diffusion-weighted imaging (DWI) and ADC values demonstrated a high 

sensitivity of 92%, specificity of 89%, and an overall diagnostic accuracy of 90%. These values were 

notably higher than those obtained from perfusion imaging, which had a sensitivity of 87%, specificity 

of 85%, and accuracy of 86%. MRS showed the highest diagnostic performance with a sensitivity of 

94%, specificity of 91%, and accuracy of 92%. These results indicate that while all three modalities 

contributed valuable information, MRS was the most effective in distinguishing between the two 

conditions. When combining the findings from DWI/ADC, perfusion imaging, and MRS, the diagnostic 

accuracy was significantly improved, highlighting the power of multiparametric MRI in the accurate 

diagnosis of brain abscesses and necrotic neoplastic lesions. 

 

 
Graph 1: Diagnostic Accuracy of Each mpMRI Modality 

 

 
Graph 2: Diagnostic Accuracy of Multiparametric MRI (Overall) 

Sensitivity Specificity Accuracy

DWI/ADC 92% 89% 90%

Perfusion Imaging 87% 85% 86%

MRS 94% 91% 92%

92%

89%
90%

87%

85%
86%

94%

91%
92%

80%

82%

84%

86%
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Overall, the study demonstrated that mpMRI provides complementary information that can significantly 

enhance the diagnostic accuracy for differentiating between brain abscesses and necrotic neoplastic 

lesions, with MRS proving to be the most reliable modality for this purpose. 

 

Discussion: 

The differentiation of brain abscesses from necrotic neoplastic lesions remains a diagnostic challenge, 

given the overlapping clinical and imaging features of these two conditions. In this study, we assessed 

the utility of multiparametric MRI (mpMRI) in distinguishing between brain abscesses and necrotic 

neoplastic lesions using a combination of diffusion-weighted imaging (DWI), perfusion-weighted 

imaging (PWI), and magnetic resonance spectroscopy (MRS). The findings of this study demonstrate 

that mpMRI provides enhanced diagnostic accuracy, improving upon the limitations of conventional 

MRI in the differential diagnosis of these conditions. 

 

Diagnostic Accuracy of mpMRI: 

The results of this study indicate that DWI, perfusion imaging, and MRS each contribute significantly to 

the differentiation of brain abscesses from necrotic neoplastic lesions. The sensitivity, specificity, and 

accuracy values for DWI/ADC (92%, 89%, and 90%, respectively) are consistent with previous studies 

that have highlighted the utility of DWI in identifying brain abscesses. DWI is particularly effective in 

detecting restricted diffusion, a hallmark of the purulent and inflammatory material present in abscesses, 

which leads to lower ADC values (Lee et al., 2012). This diffusion restriction was not observed in 

necrotic neoplastic lesions, which demonstrated higher ADC values due to lower cellularity, further 

supporting DWI as a key diagnostic tool in distinguishing these conditions. 

Perfusion imaging, while less sensitive than DWI, also plays an important role in differentiating brain 

abscesses and necrotic neoplastic lesions. Our results showed a sensitivity of 87% and specificity of 85% 

for perfusion imaging, which aligns with the findings of other studies, such as those by Choi et al. 

(2014), who demonstrated that tumors exhibit increased perfusion due to angiogenesis, while abscesses 

have reduced perfusion in the central necrotic area. This finding is important because it allows 

radiologists to distinguish between the two conditions based on the degree of vascularity, with abscesses 

typically showing hypoperfusion and necrotic tumors showing hyperperfusion in peripheral regions. 

MRS, however, demonstrated the highest diagnostic accuracy, with a sensitivity of 94%, specificity of 

91%, and accuracy of 92%. This finding is in agreement with the literature, which suggests that MRS 

provides critical metabolic information that helps differentiate abscesses from tumors. Brain abscesses 

typically show elevated lactate peaks due to the anaerobic metabolism of bacteria, along with decreased 

N-acetylaspartate (NAA) levels, reflecting neuronal loss. In contrast, necrotic neoplastic lesions show 

elevated choline peaks, indicative of increased cell membrane turnover and metabolic activity, along 

with lipid and lactate peaks suggesting necrosis (Wang et al., 2006). These metabolic differences 

provide a robust means of distinguishing between infectious and neoplastic processes. 

 

Comparison with Conventional MRI: 

Conventional MRI sequences, such as T1WI and T2WI, remain essential for the initial assessment of 

brain lesions. However, as highlighted in our study, these sequences often provide overlapping features 

for both brain abscesses and necrotic neoplastic lesions, especially with ring-enhancing lesions. For 

example, both conditions can present with a ring-enhancing lesion on post-contrast imaging, which can 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR250558606 Volume 7, Issue 5, September-October 2025 10 

 

make differentiation difficult based solely on conventional MRI features. This underscores the 

limitations of using conventional MRI alone to differentiate between brain abscesses and necrotic 

tumors, particularly in complex cases or smaller lesions. 

Multiparametric MRI, by combining several sequences that assess different tissue characteristics, 

improves diagnostic accuracy. Our study found that when DWI, PWI, and MRS were used together, the 

diagnostic accuracy was significantly improved, providing a comprehensive view of the lesion's 

cellularity, vascularity, and metabolic status. This is consistent with the findings of previous studies, 

such as those by Yu et al. (2020), which demonstrated that combining these imaging modalities 

increases diagnostic confidence and reduces the need for invasive procedures like biopsy, thus aiding in 

early and accurate treatment decisions. 

 

Limitations of the Study: 

Despite the promising results, several limitations must be considered. One limitation is the inherent 

variability in the interpretation of MRI findings. While two radiologists independently reviewed the 

images, discrepancies in interpreting the results could exist, especially for subtle lesions or lesions 

located in challenging regions of the brain. Additionally, the study was retrospective, which may 

introduce bias based on the clinical data available for each patient. The use of a 3T MRI scanner in this 

study may also limit the generalizability of the findings to lower-field strength scanners, which may 

have lower spatial resolution or sensitivity for certain sequences like MRS. 

Furthermore, while the study included 150 patients, the sample size might not fully represent the 

spectrum of brain abscesses and necrotic neoplastic lesions encountered in clinical practice. The 

majority of the lesions were either primary or metastatic tumors, which may not be reflective of the 

broader range of brain tumors. The inclusion of a more diverse group of neoplastic lesions could provide 

further insights into the differential imaging characteristics of other types of tumors, such as lymphomas 

or meningiomas, which could present with similar radiological features. 

 

Clinical Implications: 

The findings from this study underscore the potential of multiparametric MRI as a non-invasive 

diagnostic tool for differentiating brain abscesses from necrotic neoplastic lesions. With its ability to 

assess a wide range of tissue characteristics, mpMRI can help guide treatment decisions, including 

whether a lesion requires surgical intervention or can be managed conservatively. For example, 

distinguishing between an abscess and a necrotic tumor early in the diagnostic process can influence the 

decision to initiate antibiotic therapy versus oncological treatment. Furthermore, mpMRI provides 

valuable information for surgical planning, particularly in cases where the lesion's vascularity or 

metabolic profile may affect resection strategies. 

 

Future Directions: 

Further research is needed to standardize mpMRI protocols, particularly for MRS, which remains less 

widely available due to its complexity and cost. Additionally, large multicenter prospective studies are 

required to validate the findings of this study and refine the diagnostic thresholds for each mpMRI 

sequence. Future studies could also explore the role of mpMRI in monitoring the treatment response of 

brain abscesses and necrotic tumors, which could provide valuable insights into the effectiveness of 

therapeutic interventions. 
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Conclusion: 

This study has demonstrated that multiparametric magnetic resonance imaging (mpMRI), which 

combines diffusion-weighted imaging (DWI), perfusion-weighted imaging (PWI), and magnetic 

resonance spectroscopy (MRS), significantly enhances the ability to differentiate between brain 

abscesses and necrotic neoplastic lesions. Traditional MRI, while valuable for initial lesion detection, 

often falls short in distinguishing these two pathologies, both of which present with similar ring-

enhancing features. The results of this study emphasize the need for more advanced imaging techniques 

to improve diagnostic accuracy, guide treatment decisions, and reduce the reliance on invasive 

procedures like biopsy. 

Our findings reveal that DWI/ADC, with its high sensitivity (92%) and specificity (89%), plays a crucial 

role in distinguishing brain abscesses from necrotic neoplastic lesions, as abscesses demonstrate 

diffusion restriction due to their purulent core. Perfusion imaging further aids in this differentiation by 

showing the hypoperfused central area of brain abscesses, as opposed to the hyperperfused regions seen 

in neoplastic lesions. MRS provided the highest diagnostic accuracy (92%) in identifying metabolic 

differences, such as elevated lactate in abscesses and elevated choline in necrotic tumors, confirming its 

significant role in the non-invasive characterization of brain lesions. 

The combination of these modalities in mpMRI provides a comprehensive understanding of lesion 

characteristics, encompassing tissue cellularity, vascularity, and metabolic status, which are key 

differentiating factors for brain abscesses and necrotic neoplastic lesions. This multiparametric approach 

offers radiologists a powerful tool to make accurate and confident diagnoses, ultimately enhancing 

clinical decision-making and reducing the need for unnecessary invasive procedures. 

Despite the promising results, the study acknowledges several limitations, including the retrospective 

nature of the data, variability in image interpretation, and the high cost and limited availability of certain 

mpMRI techniques, particularly MRS. These limitations suggest that further large-scale prospective 

studies are needed to confirm and refine the diagnostic capabilities of mpMRI, as well as to standardize 

protocols for its use in clinical practice. 

In conclusion, mpMRI represents a highly effective and promising diagnostic tool in the differentiation 

of brain abscesses and necrotic neoplastic lesions, offering improved diagnostic accuracy over 

conventional MRI. Its ability to assess multiple tissue properties non-invasively is invaluable for 

treatment planning, especially in complex cases where a precise diagnosis is critical. As mpMRI 

technology continues to evolve, its integration into routine clinical practice may transform the 

management of patients with suspected brain abscesses or neoplastic lesions, ultimately improving 

patient outcomes. Further research is essential to validate these findings and establish standardized 

protocols for mpMRI applications in the clinical setting. 
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