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Abstract 

Introduction  

Glioblastoma multiforme (GBM) is the most common and frequent tumor of the adult population's 

central nervous system, making up 40% of all brain tumor types and 15% to 20% of high-grade 

tumors. A critical public health issue, GBM is a rare tumor with a global incidence of less than 10 

per 100,000 persons and a survival rate of 14–15 months after diagnosis. In all age categories, it 

accounts for 50% of all gliomas. 

A non-invasive imaging method called magnetic resonance spectroscopy (MRS) is used to 

examine metabolic alterations in brain malignancies. The current work used MRS multivoxel to 

investigate significant metabolites in GBM tumors. Since its first report in the 1980s, the human 

brain's magnetic resonance spectroscopy (MRS) has advanced quickly. Because it can be 

performed without requiring hardware modification on most MRI machines, unlike MRS of other 

nuclei, proton MRS became more and more popular in the 1990s because of its improved spatial 

localization and water suppression techniques as well as because of its increased sensitivity and 

convenience. An MRI scanner is utilized for the evaluation. 

Purpose of the study 

The purpose of this study is to evaluate and diagnose glioblastoma multiforme (GBM) using a 

non-invasive imaging method called magnetic resonance spectroscopy (MRS) to ability replace 

the biopsy to save the patient from having to undergo biopsy surgery and its associated hazard. 
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Methods of the study  

The study was a quantitative, cross-sectional, interventional study to evaluate the glioblastoma 

multiform using MR Spectroscopy and the effectiveness of the MRS to dispense with a biopsy in 

the MRI department work practice of Palestinian governmental hospitals, especially in Palestine 

Medical Complex (PMC) MRI department. 

 From October 2022 to June 2023, data on 7 patients with GBM (2 patients new and 5 patients 

with tumor resection), 1 patient with metastatic disease, 1 patient with meningioma, and 1 patient 

with oligodendroglioma were gathered for this study. Utilizing a magnetic field strength of 1.5 

Tesla and employing GE multivoxel Magnetic Resonance Spectroscopy (MRS), we conducted the 

Point-Resolved Spectroscopy (PRESS) procedure with an Echo Time (TE) of 144 ms and a 

Repetition Time (TR) of 1570 ms to acquire the data. Statistical analysis was subsequently applied 

to the extracted metabolites, including Pcho, NAA, Cr, Pcho/Cr ratio, Pcho/NAA ratio, NAA/Cho 

ratio, NAA/Cr ratio, and Cr/NAA ratio, to meticulously examine the spectroscopic data. 

 

Results 

 For the total numbers of voxels of GBM, whether normal or tumoral, the level of metabolic ratio 

values of NAA/Cr, NAA/Pcho, Pcho /Cr, Pcho /NAA, and Cho concentration, were (1.24 ± 0.68, 

0.90 ± 0.54, 1.81 ± 1.11,1.91 ± 2.08, 66999.17 ± 51226.74) respectively for the tumoral voxel and 

(2.34 ± 1.39, 1.67 ± 0.56, 1.49 ± 0.95, 0. 69 ± 0.34, 62585.15 ± 37676.36) respectively for normal 
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voxel, the ratio of the tumoral voxel were significantly higher than the normal ratio, and the 

concentration of Cho higher than the normal voxel. 

Conclusion 

The results of the current study showed that the most important and useful criteria for identifying 

tumoral and normal voxels in patients with glioblastoma who have 1HMRS are the NAA, Pcho/Cr, 

Cr/NAA, and Pcho/NAA ratios. However, due to the low sensitivity and specificity of the results, 

we cannot replace the diagnosis obtained through biopsy with MRS. Nevertheless, we can rely on 

MRS as a secondary diagnostic tool. 

The most accurate diagnostic test was Pcho/NAA, with a sensitivity of 83.3% and a specificity of 

28.8%. Cr/NAA was the second efficient test (sensitivity: 78.2%, specificity: 35.6%). The 

Pcho/Crea Ratio was the third helpful test (sensitivity: 61.5%; specificity: 40.7%).
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CHAPTER ONE 

INTRODUCTION 

1.1. Background 

Glioblastoma multiform (GBM) is the most prevalent and dangerous brain tumor, which accounts 

for 40% of all brain tumors and 15% to 20% of high-grade tumors. More than half of the 2607 

people in the United States with malignant brain tumors in 2017 had GBMs. The reported 5-year 

survival rate with therapy is 9.8%, and the median survival time for GBM patients undergoing 

treatment is 14.6 months, compared to 6.9 months for those who are not receiving treatment 

(Mansoory et al., 2020). According to epidemiological data, 2-3 GBM instances are reported for 

every 100,000 adults annually in Europe and North America (Urbanska et al., 2014). The incidence 

rate for males versus women is 1.26:1 (Urbanska et al., 2014). There have also been reports of 

GBM in neonates and infants. According to estimates, this tumor affects between 1.1 and 3.6 

infants per 100,000, with 3.3 male children diagnosed with glioblastoma for every female kid. No 

anatomical distinctions exist between GBM in children and adults (Urbanska et al., 2014). A 

critical public health issue, GBM is a rare tumor with a global incidence of less than 10 per 100,000 

persons and a survival rate of 14–15 months after diagnosis. In all age categories, it accounts for 

50% of all gliomas (Hanif et al., 2017). Glioblastoma (GBM) is the most prevalent primary 

malignant brain tumor. The current course of treatment entails doing the maximum safe resection, 

then radiation with concurrent and adjuvant temozolomide. However, the survival rates at 2, 3, 

and 5 years are just 27%, 16%, and 9.8%, respectively. The inadequate local control following 

treatment is one of the key causes of this poor prognosis. Within 2 cm of the initial tumor, up to 
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77% of GBM recurrences occur, and 72% of cases occur in the radiation therapy zone (Yan et al., 

2019). 

  

An effective technique for diagnosing GBM tumors that allows for anatomical visualization of the 

brain tumor is magnetic resonance imaging (MRI). In MRI imaging, GBMs are shown as ring-

enhancing lesions. This pattern, meanwhile, is not specific to GBM and can also be seen in 

conditions including metastasis, abscess, and multiple sclerosis. The spatial spread of cancerous 

cells in the brain cannot be seen using MR methods, despite the significant contrast of soft tissue 

in MRI images for the site of the GBM tumor. Any sort of treatment, including surgery, 

chemotherapy, or radiation, requires the capacity to discern between healthy and tumorous tissues 

(Arcalis et al., 2011). 

The precise geographical location of the tumor must be determined, which requires an in-depth 

understanding of brain tissue. Neurological disorders have an impact on the concentration of 

metabolites in brain tissue, such as phosphocholine (Pcho), creatine (Cr), and N-acetyl aspartate 

(NAA), as well as concentration ratios like NAA/Cr and Pcho/Cr. The metabolic profile of brain 

tissue may be ascertained via non-invasive proton magnetic resonance spectroscopy (1HMRS), 

including the concentration and distribution of metabolites.) Magnetic Resonance Spectroscopy 

(MRS) has been used to assess several forms of brain tumors and is demonstrated as a clinical 

tumor assessment component. According to research by Einstein et al. patients who get stereotactic 

radiosurgery outlive conventional therapies for patients with (Pcho/NAA) > 1.1 (Einstein et al., 

2012).  In voxels before radiotherapy, a concentration ratio of (Lac/NAA)>=0.4 may be used to 

predict the tumor's recurrence (Deviers et al., 2014). 
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Important brain metabolites including NAA, Pcho, Cr, glutamic acid (Glu), and glutamine (Gln) 

were initially introduced by Haaga et al. The NAA metabolite, in particular, is important for 

neurological illnesses, especially brain tumors. Additionally, they found that the NAA/Cr and 

Pcho/Cr ratios in GBM tumors changed in a manner that was opposite to that of healthy brain 

tissue (Mansoory et al., 2020). According to Parra et al. the distribution of metabolites like NAA 

and Pcho in healthy and tumoral voxels varied significantly. Tumoral voxels showed greater Pcho 

concentrations and lower NAA concentrations than healthy voxels (Parra et al., 2014).  

By analyzing MRS data, Crain et al. found that five ratios—Pcho/Cr, Cr/Pcho, NAA/Pcho, and 

Pcho/NAA—help to discriminate between healthy and tumoral voxels in GBM (Crain et al., 2017). 

The concentration of metabolites in MRS signals has been quantified using a variety of approaches, 

however, the quantifications are still subject to large fluctuations and inaccuracies (Dezfouli et al., 

2017). Recent research has demonstrated that by utilizing MRS multivoxel data, unknown 

metabolites or ratios may need to be assessed for GBM tumors. These ratios and their metabolites 

were studied (Mansoory et al., 2020). 

  

1.2. Problem statement  

The primary diagnostic technique for GBM is magnetic resonance imaging. At the time of 

diagnosis, the tumor is usually about 4 cm in diameter (Urbanska et al., 2014). The resected 

intraoperative tumor or any of its components must be examined histologically using conventional 

histological, cytological, and histochemical techniques to provide a conclusive diagnosis 
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(Urbanska et al., 2014). A procedure known as a small needle biopsy is used when neurosurgical 

removal of the tumor is not an option (Urbanska et al., 2014). The biopsy sampling procedure that 

can be used in approaching the diagnosis of GBM is an invasive technique and it has several 

drawbacks because the patient will be under anesthesia for sampling which necessitates patient 

safety and absence of respiratory diseases among others. In addition, it requires some lengthy 

preparations that may take days or even months. As it is known, GBM disease is a rapidly 

spreading disease, so the use of a biopsy in the diagnostic process will help to quickly spread this 

dangerous disease to the rest of the body. Hence, in this research, we will employ Magnetic 

Resonance Spectroscopy (MRS), a non-invasive technique known for its safety, speed, and high 

diagnostic accuracy, eliminating the need for surgical intervention.  

 1.3. Aims and Objectives 

1.3.1. Aims 

The purpose of this study is to evaluate and diagnose glioblastoma multiforme (GBM) using a 

non-invasive imaging method called magnetic resonance spectroscopy (MRS) to ability replace 

the biopsy to save the patient from having to undergo biopsy surgery. And spare the patient its 

associated hazards. 

1.3.2. Objectives 

To validate the effectiveness of magnetic resonance spectroscopy (MRS) in diagnosing 

glioblastoma, a coordinated effort will be established between the neurosurgery and oncology 

departments at the Palestine Medical Complex (PMC). Patients suspected of having brain tumors 
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will first undergo conventional magnetic resonance imaging (MRI) scans. If glioblastoma is 

suspected, MR spectroscopic examinations will then be conducted. 

 

The research will involve the analysis and study of data from 7 patients with glioblastoma (2 

patients new and 5 patients with tumor resection), encompassing both high-grade and low-grade 

tumors, as well as neoplastic and non-neoplastic GBM tumors. This research will be conducted 

over a span of ten months and will focus on patients in the West Bank region. 

For this study, a GE Optima 360 1.5 Tesla MRI machine equipped with a 16-channel head coil 

will be utilized. The obtained data will undergo careful examination and review by a radiologist. 

Following the imaging procedures, patients will receive follow-up care from neurologists to 

monitor their diagnosis progress and obtain biopsy results. 

To assess the precision and effectiveness of MR Spectroscopy, the results obtained from biopsies 

will be compared with the MR Spectroscopy findings.                       

 

1.4. Hypotheses of research 

It is hypothesized that GBM diagnosis depends on the MR spectroscopy will remove the danger 

of risk obtaining the biopsy and the diagnosis becomes rabidly and the treatment process will begin 

as soon as possible. 
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1.5. Questions of research 

1-How MRS can help diagnose GBM early? 

2- How to achieve MRS to diagnose GBM and become a dependable Test? 

3- Can other malignant tumors in the brain can be detected with the MRS test? 

1.6. Outline 

 Upon perusing the remainder of this thesis, you will encounter the subsequent chapters presented 

sequentially: - 

1- Chapter (2): theory and a literature review with subtopics. 

2- Chapter (3): methodology of the study and our research design. 

3- Chapter 4: the result of the research. 

4- Chapter (5): the discussion & and conclusion of the results. 
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CHAPTER TWO 

LITERATURE REVIEW 

 

2.1. Introduction: 

This study was concerned with the diagnosis of GBM tumors by using MRS imaging in the West 

Bank. The chapter includes a literature review and theory of GBM disease and MRS techniques. 

For this study, the theory involved comprehensive research with keywords: GBM disease and its 

definition, Current methods of diagnosing GBM tumor, the difference between GBM tumor and 

other tumors, treatment of GBM tumor, we will discuss the MRS technique, the literature review 

involved comprehensive research with keywords: the effectiveness of the MRS technique in 

diagnosing GBM tumor. 

Published studies in PubMed, Google Scholar, and textbooks were investigated in this study as a 

search strategy.  

2.2. THEORY  

2.2.1. Glioblastoma Multiform (GBM)   

2.2.1.1. Definition  

In the latter half of the nineteenth century, Cushing coined the name "glioblastoma multiforme" 

(GBM), and the first operation on a patient with this kind of tumor was carried out in Vienna in 

1904 (Urbanska et al., 2014). The most malignant and common brain tumor, glioblastoma 
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multiforme (GBM), accounts for 40% of all brain tumor types and 15 to 20% of high-grade tumors 

(Tome-Garcia et al., 2017).  

GBMs were present in 2607 malignant brain tumor patients in the United States in 2017. Patients 

with GBM who are undergoing therapy and those who are not given therapy are both experiencing 

median survival times of 14.6 months and 6.9 months, respectively. 9.8% is the reported 5-year 

survival percentage upon receiving therapy (Mansoory et al., 2020). 

A primary brain tumor known as glioblastoma multiforme is made up of a variety of tumors that 

are geographically and phenotypically diverse (Ohgaki and Kleihues, 2013). Ninety percent of 

glioblastoma multiforme cases arise from normal glial cells in a multistep tumorigenic process 

(primary glioblastoma). The other 10% of gliomas are secondary neoplasms that proceed over a 

period of 4-5 years from low-grade tumors (diffuse or anaplastic astrocytoma’s). Secondary 

gliomas are often identified in patients with a mean age of 39 years, have a slower growth rate, 

and have a better prognosis. De novo developing glioblastoma multiforme multiplies in 3 months. 

Although primary and secondary gliomas have different genetic origins and molecular growth 

routes, there are no physical variations between these two kinds (Urbanska et al., 2014). 

 2.2.1.2. Epidemiology 

A critical public health issue, GBM is a rare tumor with a global incidence of less than 10 per 

100,000 persons and a survival rate of 14–15 months after diagnosis. In all age categories, it 

accounts for 50% of all gliomas (Hanif et al., 2017). GBM instances are 1-2 per 100,000 

individuals in Europe and North America each year, with a 1.26:1 incidence rate in males. GBM 

instances affect children and newborns as well, with 1.1 to 3.6 cases per 100,000 newborns. The 

proliferative activity of glioma cells is related to differences. Caucasians are more likely to acquire 
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GBM, particularly in industrial locations, and there is a connection between genotype and tumor 

growth (Urbanska et al., 2014). 

The most frequent primary malignant brain tumor is glioblastoma (GBM). The current course of 

treatment is doing the maximum safe resection, then radiation with concurrent and adjuvant 

temozolomide. However, the overall survival rates at 2, 3, and 5 years are just 27%, 16%, and 

9.8%, respectively. The inadequate local control following therapy is one of the key causes of this 

poor prognosis. Within 2 cm of the initial tumor, up to 77% of GBM recurrences occur, and 72% 

of cases occur in the radiation therapy zone (Yan et al., 2019). 

 

2.2.1.3. Etiology  

GBM's genesis is still not completely understood. Even though medical history mentions the 

emergence of glioma in related individuals, glioblastoma is believed to be a spontaneous tumor. 

In 1% of instances, the familial form of this tumor is documented. However, compared to 

glioblastomas that arise spontaneously, this type's genetic background is distinct (Nishihara et al., 

2015). 
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2.2.1.4. Biological activity  

The brain is where glioblastoma multiforme mostly develops. The brain stem and cerebellum, as 

well as the hemispheres, are subtly affected by this tumor. It is characterized by infiltrating growth, 

which makes it difficult to identify the tumor mass from normal tissue. A developing tumor 

increases intracranial pressure and can occasionally induce hydrocephaly (Manoranjan and 

Provias, 2011).  

 

2.2.1.5. Morphological features 

GBMs contain very small cells that exhibit significant polymorphism, and anaplasia 

morphologically. Glioblastoma multiforme cells have ambiguous cellular borders, polygonal to 

spindle-shaped cells, and acidophilic cytoplasm. Their nuclei are oval or elongated, contain 

multiple discrete nucleoli that are centered or peri-centered, and have hyperchromatic chromatin 

that is coarsely clumped. In glioblastoma multiforme cells, there is nuclear pleomorphism and a 

greater ratio of the nucleus to the cytoplasm. Some cells include intranuclear inclusions. Binuclear 

and multinucleated cells, lymphocytes, neutrophils, macrophages, and necrotic cells may also be 

present (Zhen et al., 2010).  

Certain cells can imitate adipocytes and make up as much as 80% of some tumors, or between 5% 

and 10% of all tumor cells, due to the presence of enormous lipomatous vacuoles. This 

glioblastoma is referred to as a "fat-rich" glioma because although it has a distinct look, it has 

several molecular traits with a primary glioma (Urbanska et al., 2014).  
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2.2.1.6. Clinical symptoms  

According to Baik et al., depending on the location and increasing intracranial pressure brought 

on by the disease's clinical stage, headaches, ataxia, dizziness, visual issues (blurred vision, 

diplopia), and recurrent syncope are the most common symptoms of GBM (Baik et al., 2016).  

Due to their ambiguous symptoms, gliomas are commonly misdiagnosed as infections, 

inflammatory diseases, and circulatory and immunological problems. A herniated lumbar disc may 

cause sciatica, back pain, and leg pain. Neuroimaging may also be required owing to a potential 

glioma if seizures begin in people who have not yet been diagnosed with epilepsy (Sanli et al., 

2010).  

 

2.2.2. Current Methods of Diagnosing GBM Tumor 

2.2.2.1. Site 

Nakada et al. showed cerebral hemispheres are the most common site for GBM; 95% of these 

tumors develop in the supratentorial area, while just a small percentage develop in the cerebellum, 

brainstem, and spinal cord (Hanif et al., 2017). 

The primary diagnostic technique for GBM is magnetic resonance imaging. The average tumor 

diameter at the time of diagnosis is around 4 cm, although data acquired by Simpson et al. (1993) 

showed that in 38% of 645 patients, the tumor diameter at the time of diagnosis was 5 cm, in 56% 

of cases it was within 5-10 cm, and in 6% of instances the tumor was > 10 cm. On MR imaging, 

the tumor (sometimes referred to as a "butterfly glioma") includes the corpus callosum and extends 

bilaterally into the occipital and temporal lobes (Opoku-Darko et al., 2018).  
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The tumor or its components that were surgically removed are subjected to a histopathological 

evaluation utilizing conventional histological, cytologic, and histochemical techniques. A small 

needle aspiration biopsy is performed when it is not possible to remove a neurosurgical tumor 

(Zhen et al., 2010).  

2.2.2.2. Macroscopic and Histological Features of GBM 

According to Ma et al. GBM exhibits regions of cystic and gelatinous tissue, necrosis, and 

multifocal bleeding on a macroscopic level (Ma et al., 2013). Hanif et al. show the variance in the 

tumor's gross appearance from one place to the next is a distinguishing trait of GBM. While certain 

tumor sites are solid and white and some sections have noticeable cystic degeneration and 

bleeding, some locations with tissue necrosis seem mushy and yellow in color. Typically, the 

tumor appears as a single, moderately big, irregularly shaped lesion that typically develops in the 

white matter (Hanif et al., 2017). 

GBM has many histological characteristics with anaplastic astrocytoma, including a pleomorphic 

cell population that varies in size from tiny, poorly differentiated tumor cells to giant, 

multinucleate cells with widespread necrosis, pseudo palisading nuclei, and abundant mitotic 

activity. Another important aspect is the proliferation of vascular endothelial cells, which typically 

have a glomeruloid shape (Ma et al., 2013). 

2.2.2.3. Genetic and Molecular Pathogenesis 

Based on standards established by the WHO, morphological diagnoses are made. The morphology, 

malignancy (grade I–IV), proliferative index, response to treatment, and survival time of central 

nervous system cancers are used to stage them. Non-malignant tumors are classified as grade I, 
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comparatively non-malignant tumors as grade II, low-grade malignant tumors as grade III, and 

most malignant tumors as grade IV, with a median survival of 6 to 12 months. The grade of 

glioblastoma multiforme is IV (Bhaskaran et al., 2020).  

 

2.2.3. GBM Tumor and Other Tumors 

Glioblastoma and brain metastases (BM) are the two most frequent malignant tumors of the adult 

central nervous system. A history of known primary neoplasms and the presence of many brain 

lesions are the two most important pieces of evidence utilized to make the diagnosis of metastasis. 

Although BM might be the first symptom of an unexplained extracerebral malignancy, roughly 40 

to 50 percent of BM begin with a single lesion (Nayak et al., 2012).  

Glioblastoma (GBM) can also manifest in individuals with concurrent systemic cancer. On 

conventional magnetic resonance imaging (MRI), these two conditions often exhibit similarities, 

such as core necrosis, inhomogeneous ring enhancement, and surrounding edema. Consequently, 

while radiological differentiation is vital for informing patient management and prognosis, it can 

be a complex task due to the resemblance between these lesions (Hauser and Matthes, 2017).  

A study by Romano et al. Although GBM and BM have comparable conventional magnetic 

resonance imaging, they differ greatly histopathologically. Both cells from the main location of 

systemic cancer and those from brain metastases are absent from the blood-brain barrier (BBB). 

Peripheral vasogenic edema is caused by a markedly enhanced capillary permeability because of 

this capillary ultrastructure, which also helps the metastases multiply quickly (Romano et al., 

2022).  
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However, GBM has a high rate of neo-angiogenesis, and its capillary ultrastructure resembles that 

of healthy brain tissue. Additionally, GBM histology analyses revealed that tumor cells had spread 

across the peritumoral region. As a result, infiltrative edema is a better way to define peritumoral 

edema in GBM (D’Alessio et al., 2019). 

To distinguish between GBM and BM, morphometric parameters and MR signal aspects of the 

tumoral mass and peritumoral area assessment were suggested. According to the authors, the 

existence of GBM may be established by the fact that the maximum diameter of the augmenting 

mass area is smaller than the largest diameter of the peritumoral region as measured on T2-

weighted images (Romano et al., 2022).  

In adults, primary glioblastoma multiforme (GBM) and intracranial metastases are the most often 

diagnosed brain tumors. As their imaging properties and contrast-enhancement patterns are 

frequently identical, conventional magnetic resonance (MR) imaging of glioblastomas and isolated 

cerebral metastatic lesions may be unable to discriminate between these two entities. 

To improve treatment planning, these lesions may be distinguished before surgery. (Tsougos et 

al., 2012). Non-neoplastic lesions include demyelinating lesions that, based on conventional 

imaging, may seem to be brain tumors (such as tumefactive demyelination), infectious (including 

abscess), ischemia-related, or infectious lesions. It could be difficult to distinguish between 

malignant and non-cancerous tumors using a traditional MRI. Although MRI is a sensitive method 

of diagnosing brain lesions, its ability to differentiate between benign and malignant lesions is 

restricted. There may not be a mass effect in many non-neoplastic lesions, such as low-grade 

gliomas and early-stage or diffusely infiltrating lesions. Because they contain tiny T2 hyperintense 
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lesions, low-grade gliomas may be challenging to distinguish from isolated cortical dysplasia or 

other diseases (Donahoe, 2012).  

Given that various non-neoplastic disorders are frequently linked to disturbance of the blood-brain 

barrier and not all tumors improve, the addition of a contrast agent may not boost diagnostic 

specificity (Gharzeddine et al., 2019).  

Conventional magnetic resonance (MR) imaging of glioblastomas and isolated cerebral metastatic 

lesions may be unable to differentiate between these two entities since their imaging characteristics 

and contrast-enhancement patterns are usually similar. In a traditional MRI, both of them show 

ring enhancement. These lesions may be identified before surgery to enhance treatment planning 

(Tsougos et al., 2012).  

2.2.4. Treatment of GBM Tumor 

Despite several multinational initiatives, treating GBM continues to be the most difficult 

undertaking in clinical oncology. A variety of various therapies have been researched over the past 

ten years with very few results.  

Hanif et al founded the location of the illness and its complicated and varied biology are the main 

obstacles to treating GBM. Although the survival and quality of life of GBM patients have 

gradually improved thanks to advancements in surgical techniques, radiation, and adjuvant 

chemotherapy, the prognosis is still dismal. To achieve favorable results, comparable to those in 

several other tumors that are already effectively treated, considerably more significant progress 

must be made (Hanif et al., 2017). 
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2.2.4.1. Surgery 

The main element of routine treatment is surgery. Surgery can reduce tumor burden, regulate 

seizures, reverse neurological deficits, introduce local therapeutic agents, and enhance the quality 

of life, depending on the kind of tumor. The location and eloquence of the affected brain region 

determine the amount of surgical excision. Relapse happens in around 80% of cases, often within 

2-3 cm of the margin of the initial lesion and is caused by the fact that GBM is a locally extremely 

invasive tumor that cannot be entirely cured by surgery. However, the degree of surgical resection 

maintains predictive value in cases of newly diagnosed individuals (Ohka et al., 2012).  

 

2.2.4.2. Radiation Therapy 

Radiotherapy can be used after surgery to eradicate any leftover tumor cells. Brachytherapy and 

stereotactic radiosurgery have been reported to be effective treatments against recurrent GBM, 

although they have hazy roles in treating freshly diagnosed GBM. This has been demonstrated to 

enhance the life expectancy of patients with high-grade gliomas. Following stereotactic 

radiotherapy, subgroups of patients who underwent a large complete resection could benefit in 

terms of survival. Hyperfractionated radiation, on the other hand, has demonstrated that survival 

results in GBM may be negative in some patient subgroups. Radiation therapy has several 

drawbacks and risks, including radio-resistance of certain tumors, radiation necrosis, radiation-

induced persistent neural damage, and the invasive nature of GBM (Mukherjee et al., 2014). 
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2.2.4.3. Chemotherapy 

Several chemotherapeutic drugs have been evaluated for their efficacy in the treatment of GBM to 

increase patient survival. Out of them, alkylating drugs like temozolomide (TMZ), carmustine 

(BCNU), and lomustine (CCNU) have demonstrated some benefit and have been utilized 

therapeutically in the majority of GBM cases (Hanif et al., 2017). 

 

 

2.2.4.4. Current Treatment Options 

The blood-brain barrier (BBB), a highly selective semipermeable barrier that separates blood from 

the brain, poses special difficulties for the treatment of brain tumors. The endothelial cells of 

capillaries, the astrocytes that surround the capillary, and the pericytes that are embedded in the 

capillary basal lamina make up the BBB. The capacity of a molecule to traverse the BBB is 

influenced by physiochemical characteristics such as molecular weight, lipophilicity, and charge. 

The BBB blocks 98% of small-molecule medications and virtually all big molecules (>400 Da) 

from entering the central nervous system (CNS). If applicable and safe to do so, the current 

treatment protocol starts with surgically removing the tumor, then is followed by radiation and 

concurrent chemotherapy (Xu et al., 2015).  

Maximal resection during surgery is related to prolonged progression-free survival (PFS) and 

overall survival (OS), which is the first treatment option for GBM. Since resection is not a curative 

procedure, patients often also get chemotherapy and radiation. PFS and OS are both improved 

when radiotherapy, at a total dosage of 60 Gy, is used either as a main treatment or as a follow-up 
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after surgery. In patients with newly diagnosed GBM, concurrent treatment of temozolomide [150-

200 mg/m2/day for 5 days each 28-day cycle], an oral alkylating drug, enhances OS from 12.1 

months with radiation alone to 14.6 months with radiotherapy + temozolomide. Despite this 

improvement in survival with radiation plus temozolomide, tumor growth, and recurrence usually 

happen as a result of the emergence of temozolomide resistance. Patients' treatment choices are 

constrained after a GBM recurrence. Recently, the FDA-approved therapy for both recurring and 

newly diagnosed GBM has emerged: tumor treating fields (TTF), which administer electric fields 

to the tumor site to interrupt cancer cell proliferation. To enable the creation of innovative targeted 

medicines, it is necessary to identify new targets (Taylor et al., 2019).  

2.2.4.5. Emerging Targeted Therapies 

Given its invasive nature and characteristics of neo-angiogenesis and intratumor heterogeneity, 

GBM has a dismal prognosis. Several genetic and epigenetic changes in GBM affect the prognosis 

of the patient. Despite this heterogeneity, a comprehensive analysis of genetic aberrations in GBM 

found that three main signaling pathways are frequently dysregulated: activation of the receptor 

tyrosine kinase (RTK)/Ras/phosphoinositide 3- kinase (PI3K) pathway (88%), inhibition of p53 

(87%), and retinoblastoma protein (Rb) signaling pathways (78%). Potential targeted therapeutics 

for GBM have been researched using medications that target many of these frequently found 

changes (Kim et al., 2015).  
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2.2.5. MR Spectroscopy Technique 

2.2.5.1. Definition of MRS  

For the non-invasive evaluation of brain metabolism, magnetic resonance spectroscopy (MRS) and 

the related method of magnetic resonance spectroscopic imaging (MRSI) are often employed in 

both clinical and preclinical research. Although their final clinical significance is still up for debate, 

they are also employed in medical practice. This chapter examines the standard MRS and MRSI 

methods as well as the overall informational nature of brain spectra. 

Magnetic resonance spectroscopy (MRS) of the human brain has improved fast since its first 

discovery in the 1980s. The 31P nucleus was the focus of early studies in both humans and animals, 

allowing for the detection of phosphocreatine and adenosine triphosphate (ATP) as well as 

inorganic phosphate and phosphodiester, two energy-related metabolites (Duong, 2012). 

 

Due to improved methods for spatial localization and water suppression, proton MRS became 

more and more popular in the 1990s due to its higher sensitivity and convenience (since, unlike 

MRS of other nuclei, it can be performed without hardware modification on most MRI machines). 

The proton is employed in the great majority of in vivo brain MRS research, even though nuclei 

like 31P, 23Na, and 13C continue to be significant, particularly at high magnetic field strengths 

(especially for isotopically tagged and/or hyperpolarized molecules). As a result, the next sections 

of this work focus on the 1H- MRS method (Green et al., 2012).  
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2.2.5.2. Brain proton MR spectrum information content 

Due to their low sensitivity, in vivo, MR spectra frequently only reveal the presence of small, 

mobile molecules at millimolar concentrations. At long echo times (e.g., 140 or 280 ms) at 

commonly used field strengths of 1.5 or 3.0 T, only signals from choline (Cho), creatine (Cr), and 

N-acetyl aspartate (NAA) are visible in normal brain, whereas substances like lactate, alanine, or 

others may be detectable in pathological conditions which increase their concentration. Short echo 

durations (35 ms or fewer) allow the detection of several compounds, including lipids, 

macromolecular resonances, glutamate, glutamine, and myoinositol (Rahimian et al., 2013).  

 

 

The major chemicals' biological importance  

2.2.5.2.1. N-Acetyl aspartate 

The largest signal in the typical adult brain spectrum is NAA, which resonates at 2.01 part per 

million (ppm) as shown in figure 2.1. N-acetylaspartylglutamate (NAAG), which resonates at 2.04 

ppm, contributes very little and is often unresolved. One of the amino acids that are most prevalent 

in the central nervous system is NAA. It has been hypothesized to be an osmolyte, a breakdown 

product of NAAG (which, unlike NAA, is a neurotransmitter), a source of acetyl groups for lipid 

synthesis, a regulator of protein synthesis, a storage form of acetyl-CoA or aspartate, or a storage 

form of acetyl-CoA or aspartate. In the mitochondria of neurons, aspartate and acetyl-CoA are 

converted into NAA (Rosso et al., 2017).  
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As immunocytochemical investigations have indicated that NAA is mostly localized to neurons, 

axons, and dendrites within the central nervous system, NAA is frequently referred to as a 

"neuronal marker." However, according to other investigations, NAA may also be present in 

nonneuronal cells such as mast cells or isolated oligodendrocyte preparations. All things 

considered, NAA does appear to be a trustworthy surrogate marker of neuronal health, even though 

it occasionally varies regardless of the density or function of neuronal cells (like with other 

surrogate indications) (Moffett et al., 2014).  

2.2.5.2.2. Choline 

The "choline" signal ("Cho," 3.20 ppm) as shown in figure 2.1 is a composite peak made up of 

contributions from the glycerophosphocholine (GPC), phosphocholine (PC), and a little amount 

of free choline itself. These substances contribute to membrane production and breakdown, and 

they are frequently enhanced in diseases that entail higher membrane turnover rates (e.g., tumors). 

Cho levels in glial cells have also been shown to be elevated. Active demyelination, which may 

be caused by inflammation or by myelin phospholipids degrading predominantly to GPC, is 

another pathogenic mechanism that raises Cho. Decreased brain Cho levels have been seen in cases 

of hepatic encephalopathy, and some data points to the possibility that dietary choline consumption 

might alter cerebral Cho levels (Duong, 2012).  

 

2.2.5.2.3. Creatine 

The "creatine" methyl resonance ("Cr," 3.03 ppm) as shown in figure 2.1 is a composite peak 

consisting of both the amino acids creatine and phosphocreatine, which are employed in the 
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creatine kinase reaction, which generates ATP, in the metabolism of energy. At 3.91 ppm, a 

resonance from creatine's CH2 may also be seen. In vitro, the concentration of creatine in glial 

cells is two to four times greater than that in neurons. Creatine also exhibits significant regional 

differences, with the cerebellum having far higher levels of Cr than supratentorial areas and white 

matter in the normal brain having lower amounts than gray matter (Bertholdo et al. 2013).  

2.2.5.2.4. Lactate 

The lactate resonance, which is a doublet with a 7 Hz coupling constant centered at 1.31 ppm as 

shown in figure 2.1, is frequently undetected in a healthy brain. However, when lactate is present, 

MRS commonly detects pathogenic conditions such as acute hypoxia or ischemia damage, brain 

tumors, or mitochondrial diseases (Ru et al., 2013).  

 

2.2.5.2.5. Myo-inositol 

Myo-inositol (MI) is one of the largest signals in short echo time spectra, occurring around 3.5–

3.6 ppm as shown in figure 2.1. The inositol triphosphate intracellular second messenger system 

includes the pentose sugar MI. It has been demonstrated that glial cells in vitro contain more MI 

than neurons. Alzheimer's dementia and demyelinating disorders have been linked to increased 

MI, whereas hepatic encephalopathy has been linked to decreased MI (Ciurleo et al., 2014). 

 

 

 



23 
 

 

2.2.5.2.6. Less Commonly Detected Compounds 

Proton spectra of the human brain have identified about 25 new substances. Several of these 

substances are found in the typical human brain, but regular detection is challenging due to their 

tiny size and/or overlapping peaks. These include but are not limited to, NAAG, aspartate, taurine, 

Scylla-inositol, betaine, ethanolamine, purine nucleotides, histidine, glucose, and glycogen. Some 

compounds are much more difficult to discover, requiring the use of "spectral editing" techniques 

(Duong, 2012).  

 

Figure 2.1: Observable Proton Metabolites (Network, 2014) 

 

2.2.5.3. Spatial Localization Techniques 

 2.2.5.3.1. Single-Voxel Techniques 

Almost all single-voxel localization methods choose a signal from the area (“voxel") where they 

cross using three orthogonal slice-selective pulses as shown in figure 2.2. By using "crusher" field 
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gradient pulses, "phase-cycling," outer-volume suppression pulses, and alternating the phases of 

the slice-selective pulses and receiver, signals from outside the voxel are suppressed. For human 

brain spectroscopy, typical voxel sizes range from 4 to 8 cm³ (Weinberg et al., 2021). 

A "stimulated echo" is produced by the "STEAM" sequence using three 90°pulses as shown in 

figure 2.2, whereas a "spin echo" is produced by the "PRESS" sequence using one 90°and two 

180°refocusing pulses as shown in figure 2.3. The distinctions between STEAM and PRESS have 

been explored in great detail; perhaps the most important one is that the spin-echo-based PRESS 

sequence, which is commonly preferred, has twice the signal of STEAM. However, STEAM has 

the potential to provide shorter echo times, better slice profiles, and 90° pulses with a wider 

bandwidth. At high field strengths, STEAM may be especially beneficial for brain MRS in this 

way (e.g., above 3 T). While long TE PRESS (with its greater SNR) should often be employed for 

resonances with longer T2 , short TE STEAM may be preferred for studying resonances with 

shorter T2 (such as Cho, Cr, NAA, and lactate) (Ekici et al., 2020).  

There are major technological challenges associated with in vivo MRS with high field strengths 

(e.g., 3 T or more). It is difficult to produce uniform RF transmit (B1) fields, for example, due to 

wavelength effects in volume RF coils or the use of inhomogeneous surface coils for excitation. 

In any case, it may be difficult to get the correct flip angles in PRESS or STEAM, and the flip 

angles may change inside the voxel, resulting in signal loss (Weinberg et al., 2021).  

Since apparent metabolite T2 relaxation times are significantly shorter at extremely high fields for 

human MRS, such as 7 T, it is preferred to lower the TE of the localization sequence as much as 

is practical. A localization technique called "SPECIAL" (spin-echo full-intensity acquired 
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localized spectroscopy) combines beneficial traits like the entire signal intensity of PRESS with 

the shorter TE of STEAM (Weinberg et al., 2021).  

 

Figure 2.2: The STEAM sequence (three 90) (Duong, 2012) 

 

Figure 2.3: The PRESS sequence (90 and two 180) (Duong, 2012) 

2.2.5.3.2. Multiple-Voxel (MRSI) Techniques 

While single-voxel MRS is rapid and simple to perform in most areas of the human brain, it is 

often only used in one or two brain regions in clinical research and offers no information on the 



26 
 

 

spatial changes of metabolites. MRSI, on the other hand, may be used to assess numerous voxel 

sites at once but is often more time-consuming. 

Most frequently, MRSI is based on phase-encoding in two directions together with PRESS 

sequence-based signal excitation in a specific area as shown in figure 2.4. This allows B0 field 

homogeneity to be set on the specific region of interest, while also limiting the number of phase-

encoding steps necessary for a given spatial resolution and preventing the stimulation of scalp lipid 

signals (Duong, 2012).  

 

Figure 2.4:2D-PRESS-MRSI pulse sequence (Duong, 2012) 

 

PRESS-MRSI does not provide multislice acquisitions, and the rectangular shape of the PRESS 

excitation makes it difficult to reach the boundaries of the brain. These drawbacks include 

inaccurate spectra at the PRESS box's edges caused by incorrect slice profiles of the 180° pulses. 

An alternative technique uses a slice-selective spin-echo sequence that may be used in multi-slice 

mode and excites the whole transverse slice as shown in figure 2.5. There are often many, precisely 

spaced outer volume suppression (OVS) pulses before the spin-echo sequence, in addition to the 
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regular water suppression pulses, to suppress the lipid signals from the scalp. MRSI with broad 

geographical coverage is often done at long echo times to reduce artifacts caused by residual water 

and lipid as well as field inhomogeneity (e.g., 140 or 280 ms) (Kalra, 2019).  

 

Figure 2.5: A multi-slice 2D-MRS pulse sequence (Duong, 2012) 

 

The multi-slice strategy can cover the whole brain with a substantial number of slices, but the 

resulting scan time could be too long when utilizing conventional phase-encoding techniques. The 

pulse sequence for each slice must be as long as 0.5-1.0 s, covering all RF pulses and the data-

collection window, to attain adequate spectral resolution. A TR that is too long and results in 

lengthy scan periods may be produced by interspersing four or five of these slices. On the other 

hand, if extensive brain coverage is needed, 3D-PRESS-MRSI can potentially result in very long 

scan periods. Field of view (FOV) divided by required spatial resolution equals the number of 

phase-encoding steps (N) (N = FOV/ spatial resolution). Consequently, it is crucial to specify a 

FOV as tiny as feasible bound only by the size of the object to be photographed to reduce the scan 

time (i.e., minimize N) while maintaining the appropriate spatial resolution. As the brain (which 
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is often oval in form) is smaller in this dimension, the left-right FOV should be less than the 

anterior-posterior FOV in the case of brain imaging. A reduced FOV in the left-right direction may 

often reduce scan time by an additional 25–30%. When wide FOVs and high resolutions in all 

three dimensions are required, fast MRSI techniques are typically utilized. Typically, if broad 

FOVs and high resolutions are required in all three dimensions, rapid MRSI methods are required 

to preserve clinically tolerable scan durations (Hangel et al., 2022).  

2.2.5.4. Water and Lipid Suppression 

The brain metabolites found by MRS are in the millimolar concentration range, whereas brain 

water is around 80 M. The tissue of the scalp is also shown to contain significant amounts of lipids. 

For the precise observation and measurement of brain metabolites, effective water suppression 

(and lipid suppression for MRSI) is required.  

The most widely used method for water suppression employs frequency-selective saturation pulses 

called chemical shift suppression ("CHESS") to saturate the water signal before the localization 

process. Multiple CHESS pulses may be used for a variety of transmit B1 values and water T1 

relaxation times to produce great suppression factors with ideal flip angles and delays (this is 

crucial for the suppression of both brain water and CSF) (Hassan et al., 2019).  

There are three common methods for lipid suppression. The use of spatial outer-volume 

suppression (OVS) pulses is one way to reduce lipid signals in the scalp as shown in figure 2.5. 

Alternately, an inversion recovery strategy may be applied, which benefits from the difference in 

T1 values between metabolites (usually 1,000–2,000 ms at 1.5 T) and lipids (about 300 ms at 1.5 

T). At 1.5 T, an inversion duration of 200 ms (= T1 * ln) will mostly keep the magnetization of 

the metabolite inverted while preferentially nullifying the lipid signal. Because no assumptions are 
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made regarding the spatial distribution of the lipid, this technique can suppress lipid signals 

everywhere in the brain, although it may slightly lower metabolite SNR (Hassan et al., 2019). 

 

2.2.5.5. MR Spectroscopy Mechanism  

It was found early on in the development of human brain proton MRS that the spectra of healthy 

brain tissue and brain malignancies were notably different. Most brain cancers had decreased N-

acetyl aspartate (NAA) signals, and many also had increased choline (Cho), which resulted in 

increased Cho/NAA ratios as shown in figure 2.6. Because that NAA is thought to be 

predominantly of neuronal and axonal origin, the reduction in NAA is frequently interpreted as 

the loss, malfunction, or displacement of normal neural tissue. The choline-containing chemicals 

that are involved in membrane production and degradation contribute to the 'Cho' signal, which is 

made up of a variety of them. It has been hypothesized that the enhanced choline signal in brain 

tumors results from higher membrane turnover. According to in vitro research, brain tumors' higher 

Cho signal is caused by an increase in phosphocholine levels (Pcho). Cho has also been discovered 

to have a strong correlation with the tumor's cellular density and the depth of the tumor's invasion 

into the brain. Hence, it has been suggested that one technique for establishing tumor borders in 

treatment planning is to employ MRSI to map Cho levels (Donahoe, 2012).  
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Figure 2.6:  MR spectrum (Pacheva et al., 2016) & metabolite ratios (Haider et al., 2012) 

Increased signals in the lactate and lipid portion of the spectrum, as well as occasionally higher 

levels of myoinositol (MI) in short echo time (TE) spectra, are other somewhat typical metabolic 

alterations in human brain tumors. The rise in lactate is most likely the consequence of anaerobic 

glycolysis, although it may also be caused by ischemia from inadequate blood supply or necrosis. 

It is thought that the presence of increased lipid levels is related to membrane breakdown and 

necrosis. High levels of MI are thought to be a reflection of more glial cells, which have been 

found to contain high quantities of MI and are more prevalent in grade II gliomas than other 

gliomas. Moreover, even in the absence of high Cho, individuals with gliomatosis cerebri have 

been observed to have elevated inositol levels (Donahoe, 2012). 

2.3. Literature Review 

2.3.1. The Effectiveness of The MRS Technique in Diagnosing GBM Tumor. 

MRI, a reliable method for identifying GBM tumors, allows for anatomical imaging of the brain 

tumor. In MRI imaging, GBMs are shown as ring-enhancing lesions. However, this pattern can 
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also be seen in abscess, metastasis, and tumefactive multiple sclerosis and is not limited to GBM. 

The spatial spread of cancerous cells in the brain cannot be detected by MR methods, despite the 

great contrast of soft tissue in MRI images for the site of the GBM tumor. Any sort of treatment, 

including surgery, chemotherapy, or radiation, requires the capacity to discern between tumor-free 

and healthy areas (Diego et al., 2015).  

It is necessary to pinpoint the tumor's exact position, which necessitates a thorough knowledge of 

brain tissue. Brain tissue metabolite concentrations such phosphocholine (Pcho), creatine (Cr), and 

N-acetyl aspartate (NAA), as well as concentration ratios like NAA/Cr and Pcho/Cr, are affected 

by neurological diseases. Non-invasive proton magnetic resonance spectroscopy (1HMRS) may 

be used to determine the metabolic profile of brain tissue, including the concentration and 

distribution of metabolites (Crain et al., 2017). MRS is a clinical tumor assessment tool that has 

been used to assess a variety of brain tumor forms. According to research by Einstein et al. for 

patients with (Pcho/NAA) > 1.1, stereotactic radiosurgery outlives conventional therapy (Einstein 

et al., 2012).  

Haaga et al. showed (Gln) first described glutamine, NAA, Pcho, glutamic acid (Glu), and other 

important brain metabolites. Particularly significant for neurological diseases, notably brain 

tumors, is the NAA metabolite. Furthermore, they discovered that the NAA/Cr and Pcho/Cr ratios 

altered in GBM tumors in a way that contrasted with healthy brain tissue (Mansoory et al., 2020). 

According to Parra et al., the distribution of metabolites like NAA and Pcho in healthy and tumoral 

voxels varied significantly. Tumoral voxels displayed greater levels of Pcho and lower levels of 

NAA compared to healthy voxels (Parra et al., 2014). By analyzing MRS data, Crain et al. found 
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that five ratios—Pcho/Cr, Cr/Pcho, NAA/Pcho, Lac/Lip, and Pcho/NAA—help to discriminate 

between healthy and tumoral voxels in GBM (Crain et al., 2017).  

Although its precise role is unknown, NAA is widely accepted as a marker of functioning neurons 

and their appendages. Any damaging, degenerative, or infiltrative process that damages or destroys 

normal brain tissue results in a noticeable drop in NAA.  NAA is significantly decreased due to 

the typical brain damage caused by GBM lesions (Tsougos et al., 2012) . 

The concentration of metabolites in MRS signals has been quantified using a variety of approaches, 

however, the quantifications are still subject to large fluctuations and inaccuracies (Dezfouli et al., 

2017). Recent research has demonstrated that by utilizing MRS multivoxel data, unknown 

metabolites or ratios may need to be assessed for GBM tumors. These ratios and their metabolites 

were studied (Mansoory et al., 2020). 

Conventional MRI is unable to differentiate between these two forms of intracerebral lesions 

because their neuroimaging appearance is typically comparable, unclear, or identical. Magnetic 

resonance spectroscopy (MRS), one of the MR methods, is starting to become important in 

classifying the majority of types and grades of brain tumors. Quantifying indicators of tumor 

metabolism, such as glucose, membrane turnover, and proliferation, such as choline (Cho), energy 

homeostasis, such as N-acetyl- aspartate (NAA), and necrosis, such as lactate (Lac) or lipids, has 

been done using advanced spectroscopic methods. MRS offers details on the make-up of metabolic 

tissue (Wang et al., 2017).  

Using multivoxel proton MR spectroscopy (1H-MRS), a choline (Cho)/N-acetyl aspartate (NAA) 

index was developed to gauge the survival of typical neurons and the rate at which cells are turned 
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over. GBM possesses atypical H-MRS characteristics that can be used to further isolate it from 

other peritumoral malignancies (Yan et al., 2019) . 

According to certain research, grade II or grade III astrocytoma had lower amounts of Cho than 

high-grade tumors, such as grade IV glioblastoma multiforme (GBM). This might be as a result of 

necrosis, which is linked to low levels of all metabolites and is present in high-grade tumors, 

especially those with necrotic cores. The spectra may differ significantly depending on the area 

that is sampled by MRS since tumors are frequently heterogenous, with necrotic cores, 

proliferative rims, and invasion of neighboring brain tissue. As a result, the region-of-interest 

selected for investigation will have a significant impact on the outcomes. As mentioned above, 

MRSI is often regarded as superior since it enables the evaluation of metabolic heterogeneity and 

the selection of the voxel with the highest Cho signal for study (Donahoe, 2012) . 
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CHAPTER THREE 

METHODOLOGY 

3.1 Introduction 

In this chapter, the researcher presents subsequent sections, study design, study settings, study 

population, sample size, study instrument, data analysis method, scale correction, and ethical 

considerations. 

3.2 Study design 

The study was a quantitative descriptive cross-sectional interventional study to evaluate the 

glioblastoma multiform using MR Spectroscopy and the effectiveness of the MRS to dispense with 

a biopsy in the MRI department work practice of Palestinian governmental hospitals, especially in 

the Palestine Medical Complex (PMC) MRI department.  

 

The study is an additional examination of the magnetic resonance image to reach a diagnosis of 

GBM disease to dispense with the surgical procedure to obtain a biopsy. Information was collected 

in the period between the October 2022 to June 2023. 

 

 3.3 Study Setting 

The study setting was at the MRI department at the Palestine Medical Complex in Ramallah 

Palestine, and all patients diagnosed with GBM, and patients suspected of having the GBM were 

included. 
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3.4 Study Population and sample size 

The study population was all patients diagnosed with GBM tumors in the West Bank. The sample 

consisted of 7 patients with GBM (high-grade and low-grade tumors, neoplastic and non-

neoplastic GBM tumors) (2 patients new and 5 patients with tumor resection). It was be analyzed 

and studied in this research and applied to patients presented to the MRI department at the Palestine 

Medical Complex in  Ramallah and 3 patients with another brain lesion (1 metastasis, 1 

meningioma, 1 Oligodendroglioma) for comparison. 

 

3.5 Study Instrument 

In this study, the researcher used an intervention case study, it consisted of four parts: 

Part one included Information about the patients studied and the number of normal and tumoral 

voxels for each patient about the demographic characteristics of the participants including case 

number, sex, age, normal voxel, and tumoral voxel. 

The second part included the metabolism of brain tissue in the tumoral voxel and normal voxels 

The main MRS analyzed parameters of tumor and normal voxels including phosphocholine (Pcho), 

creatine (Cr), and N-acetyl aspartate (NAA), as well as concentration ratios like NAA/Cr and 

Pcho/Cr. 

The third part included Significant correlations between different parameters of Tumor voxels. 

The four parts included Diagnostic value analysis for significantly different data between tumor 

and normal voxel. 
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3.6 Ethical Considerations 

The researcher obtained permission to conduct the necessary examination for the participating 

patients from the Palestinian Ministry of Health (Appendix A). The researcher also included an 

information sheet that defines the objectives of this study and confirms that participation is 

optional and that the participant’s information will be kept confidential and used for scientific 

research purposes only (Appendix B). Patient privacy and confidentiality were protected, and 

participants were assured that they did not need to give out data such as name, address, or any 

other information that could be used to identify them. 

After that, the consent of all patients was finalized, and their signatures were taken.  The approval 

of the Scientific Research Ethics Committee at the Arab American University (IRB) was obtained 

(Appendix C). The approval of the facility for graduate studies of AAUP was obtained (Appendix 

D). 

3.7 Data collection 

A part of the study procedure was illustrated in figure 3.1.  

 

                                                      Figure 3.1: The study algorithm 

 

 

• Pre-
processing

Data 
collection

Statistical

analysis
Processing



37 
 

 

3.7.1 Data collection 

The MRI department of the Palestine Medical Complex in Ramallah, Palestine, collected data 

about 7 patients with GBM (2 patients new and 5 patients with tumor resection) (high-grade and 

low-grade tumors, neoplastic and non-neoplastic GBM tumors), 1 patient with Metastases 1 patient 

with Meningioma, and 1 patient with Oligodendroglioma from October 2022 to June 2023. Before 

scanning, each participant received a thorough explanation and signed ethical consent forms.  

Also, the information was gathered by the Arab American University-Palestine, Dealership of 

Scientific Research, IRB committee's Medical Ethics Code (Code of Ethics: N/29/A/2023). Table 

3.1 below contains demographic data about the patients who were the subject of the study. Figure 

3.2 below has shown how differentiation between normal voxels and tumoral voxels.  

This study employed multivoxel spectroscopic imaging with a 1.5-Tesla MRI scanner from the 

General Electric Corporation. Multivoxel spectroscopy was used to get an excellent spectrum from 

a big area. We used the Point-Resolved Spectroscopy [PRESS] imaging technique with  

TE=144 ms, TR=1570 ms, and 1024 data points. 

Before collecting data, a magnetic field shift was automatically carried out. When compared to 

short TE, the long TE utilized in this work has various advantages over short TE, including the 

ability to identify the NAA peak and Cr peak, and the Pcho peak and its ratio. Radiologist with a 

high level of experience in the analysis of MRS examinations used the individuals' MRS data to 

tag and regionalize tumoral and non-tumorous areas and compare GBM and other tumors. 
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Table 3.1. Details on the study subjects, including the number of normal and tumoral voxels for 

each subject. 

 

 

 

 

Case 
number 

Sex Age Type of tumor Normal 
voxel 

Tumoral 
voxel 

Total voxel 

1 M 57 GBM 3 12 15 

2 M 58 GBM 18 17 35 

3 F 59 GBM 13 8 21 

4 F 45 GBM 3 12 15 

5 M 71 GBM 7 8 15 

6 F 55 GBM 3 12 15 

7 F 60 GBM 12 9 21 

8 F 57 MANANGIOMA 15 10 25 

9 M 54 METS 8 7 15 

10 M 36 OLIGODENDROGLIOMA 9 6 15 
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Figure 3.2: Illustrates the normal and tumoral voxels 

 

3.6.2 Pre-processing 

The data was pre-processed and the MRS range of imaging was identified using  spectroscopy 

imaging visualization and computing (SIVIC), an open-source, standards-based software 

framework and application suite for processing and visualizing Digital Imaging and 

Communications in Medicine (DICOM), MR Spectroscopy data processing, and visualization. 

Then, the MR image was overlaid with the MRS image. Figure 3.3 reveals the target region at the 

end. The device's MRS signal is a transient sinusoidal signal that also contains the water signal, 

baseline signal, and residual signal (noise), among other undesirable components. 
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Figure 3.3: The image depicts a SIVIC-created MRI image, with a light green box representing 

the tumor area's perimeter and a square with a green tag representing each voxel. 

S [t]=Met[t]+w[t]+Res[t] was used to define the primary signal received. S stands for the received 

signal, Met for the signal of metabolites, w for the signal of water, and Res for residual signals, 

which include noise and other things (Mansoory et al., 2020). 

Macromolecules are the source of the baseline signal, which first shows in the early phases of 

signal samples before quickly disappearing. The ambient signal is mellow. Similar to other MR 

imaging methods, the quality of the Res signal is impacted by several aberrations, including poor 

shimming, phasing errors, and chemical shift displacement. The major goals of the pre-processing 

stage are to identify metabolite signals among the main signal and precisely quantify those signals. 

The need to suppress the 10,000 times larger water signal is because the quantities of metabolites 

in brain tissue are substantially lower than those in water. In the current study, water suppression 

was done at a 45 Hz frequency.  
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Since the baseline signal hurts the number of other metabolites, it should be removed from the 

signal after water suppression to compute these values accurately, the water suppression was done 

with automated water suppression (AWS) by using Spectroscopic prep-scan.  

3.6.3 Processing 

Due to their capacity to be detected at an echo time (TE) of 144 milliseconds, the Pcho, NAA, 

Cr, Pcho/Cr ratio, Pcho/NAA ratio, NAA/ Pcho, and NAA/Cr ratio, as well as the Cr/NAA 

signals, have been chosen as the reference signals. This decision was made because it is possible 

to accurately detect and quantify these particular metabolites at this TE, assuring their usefulness 

as reference signals in the spectroscopic investigation. 

3.6.4 Statistical analysis 

By used the Kolmogorov-Smirnov test, the normal distribution of quantitative data was assessed 

for two different voxel types. The Independent Samples T-test was used to investigate the normal 

distribution of the data, and the Mann-Whitney U test was used to analyze the non-normal 

distribution. The probability of a correlation between the data in the patients' voxels was assessed 

using the Pearson test. Finally, by creating a ROC curve, the sensitivity and specificity of important 

analytes were calculated. The level of significance for each computation was set at p value 0.5. 

SPSS software version 16 was utilized to conduct statistical analysis for computed values from the 

previous step. 
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CHAPTER FOUR 

RESULTS 

4.1 Response Rate 

In our study, 7 patients with glioblastoma multiform (GBM), 3 male and 4 female (2 patients new 

and 5 patients with tumor resection), 1 patient with metastases, 1 patient with meningioma, and 1 

patient with Oligodendroglioma Table 3.1, were studied by MRS test, and tumoral voxels and 

normal voxels for GBM were analyzed, several normal voxels 59 and number of tumoral voxels 

78 for GBM tumor, with response rate 87.5%. The results will thus apply to the study population 

because the response rate in this study was relatively high. 

4.3 Data Analysis 

For the total number of voxels of GBM, whether normal or tumoral, the level of metabolic ratio 

values of NAA/Cr, NAA/Pcho, Pcho /Cr, Pcho /NAA, and Pcho concentration, were (1.24 + 0.68, 

0.90 + 0.54, 1.81 + 1.11, 1.91 + 2.08, 66999.17 + 51226.74) respectively for the tumoral voxel and 

(2.34 + 1.39, 1.67 + 0.56, 1.49 + 0.95, 0. 69 + 0.34, 62585.15 + 37676.36) respectively for normal 

voxel, the ratio of the tumoral voxel were significantly higher than the normal ratio, and the 

concentration of Pcho higher than the normal voxel as shown in table 4.1.  

For the tumoral voxels of metastases, the metabolic ratio values of NAA/Cr, NAA/ Pcho, Pcho 

/Cr, Pcho /NAA, and Pcho concentration were (1.27 ± 0.50, 1.37 ± 0.86, 1.08 ± 0.35, 1.20 ± 1.17, 

69322 ± 37608.88) respectively; for meningioma, the values were (1.92 ± 0.71,1.13 ± 0.67, 2.1 ± 

1.25, 0.906 ± 0.80,33880 ± 31759.94) respectively, for Oligodendroglioma, the values were (1.169 

± 0.471, 1.07 ± 0.612, 1.313 ± 0.613, 1.33 ± 0.918, 57889 ± 33611.67) respectively as shown in 
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table 4.2. 

Table 4.1. The main MRS analyzed parameters of the tumor and normal voxels of GBM. 

 

 

 

 

 

 Normal voxel Tumoral voxel Total 

parameters Mean Median Standard 

Deviation 

Mean Median Standard 

Deviation 

Mean Median Standard 

Deviation 

Pcho 62585.15 59664.00 37676.36 66999.17 50897.00 51226.74 65098.24 57772.00 45781.42 

Cr 48286.66 45936.00 29309.51 49148.88 35640.00 49824.00 48777.56 40106.00 42095.56 

NAA 97112.95 91176.00 57470.90 50382.85 38148.00 42832.33 70507.49 51480.00 54650.40 

Cr+Pcho 104715.59 97800.00 61085.90 107494.74 83560.00 80426.56 106297.88 88720.00 72495.18 

Pcho/Crea  1.49 1.19 0.95 1.81 1.48 1.11 1.67 1.37 1.05 

Pcho/NAA  0.69 0.61 0.34 1.91 1.25 2.08 1.39 0.84 1.69 

NAA/Pcho 1.67 1.63 0.56 0.90 0.82 0.54 1.23 1.20 0.67 

NAA/Cr 2.34 1.97 1.39 1.24 1.21 0.68 1.71 1.56 1.18 
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Table 4.2. The main MRS analyzed the parameters of the tumor and normal voxels of another 

lesion. 

Parameter Mets Meningioma Oligodendroglioma 

 Mean Sd. Mean Sd. Mean Sd. 

Pcho 69322.00 37608.88 33880 31759.94 57889 33611.67 

 Cr 65013.14 27959.19 62550 28924.83 63400 39311.20 

NAA 78829.71 39427.81 58096 39820.77 71136 62351.19 

Cr+Cho 129291.43 69465.63 95360 56262.75 116053 65142.68 

Pcho/Crea  1.08 0.35 2.1 1.25 1.313 0.613 

Pcho/NAA  1.20 1.17 0.906 0.80 1.33 0.918 

NAA/Pcho 1.37 0.86 1.13 0.67 1.07 0.612 

NAA/Cr 1.27 0.50 1.92 0.71 1.169 0.471 

Cr/NAA 1.04 0.84 0.66 0.59 0.998 0.438 

 

 

The mean and standard deviation of the metabolic ratio within a normal and tumoral voxel of 

glioblastoma are summarized in Table 4.1. However, the level of Cr has no significant difference 

in the normal and tumoral voxels 48286.66 ± 45936.00, 49148.88 ± 49824.00 respectively. The 

results of the correlation analysis between different biochemical parameters in tumoral voxels are 

Creatine (Cr) and Pcho have a significant positive correlation of 0.479(P=0.00). Highly Significant 

Positive Correlation between Pcho and NAA 0.586(p=0.00). Pcho and Cr+ Pcho correlate 0.900 

(very strong positive) (p=0.00). Pcho/NAA and NAA have a correlation coefficient of 0.696 

(p=0.00), indicating a very significant positive association between the two variables. The positive 

result implies that a rise in one variable's (Pcho/NAA) value is substantially correlated with an 

increase in the other variable's (NAA) value. A significant positive correlation exists between the 

Pcho and Pcho/Crea Ratio of 0.395(p=0.00). The correlation between Pcho and Pcho/NAA Ratio 

is 0.272(p=0.001), which is significant. NAA/Pcho and Pcho have a significant negative 

correlation of -0.328(P=0.00). NAA/Cr: No Significant Correlation and Pcho(p=0.960). No 
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significant correlation between Pcho and Cr/NAA. NAA and creatine (Cr) have a significant 

positive correlation of 0.456(p=0.00). Cr+Cho and creatine (Cr) have a highly significant positive 

correlation of 0.625(p=0.00). Pcho/Crea Ratio and Creatine (Cr) have a significant negative 

correlation of -0.172(p=0.045). No significant correlation was found between creatine (Cr) and 

Pcho/NAA ratio (p=0.803) as shown in figure 4.1.  

 

Figure 4.1: Significant relationships between the various tumor voxel characteristics. 
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According to numerical values of the sensitivity and specificity of numerous tests in differentiating 

between tumoral and normal voxels, Pcho/NAA had the best diagnostic value with an Area Under 

Curve (AUC) of 0.836 (sensitivity 83.3% and 28.8%% specificity). The second effective test was 

Cr/NAA, which had an AUC of 0.787 (sensitivity: 78.2%, specificity: 35.6%). The third useful test 

was the Pcho/Crea Ratio, which had an AUC of 0.611 (sensitivity: 61.5%; specificity: 40.7%) as 

shown in figure 4.2 and table 4.3. 

Table 4.3: Diagnostic value analysis for significantly different data of tumoral voxel 

Parameter AUC Cut-off Sensitivity (%) Specificity (%) 

(Pcho) 0.490 51095.0 48.7% 59.3% 

Creatine (Cr) 0.452 41008.0 44.9% 54.2% 

(NAA) 0.244 60324.0 24.4% 69.5% 

Cr+Cho 0.479 90340.0 47.4% 52.5% 

Pcho/Crea  0.611 1.3400 61.5% 40.7% 

Pcho/NAA  0.836 0.7170 83.3% 28.8% 

NAA/Pcho 0.152 1.4300 15.4% 67.8% 

NAA/Cr 0.207 1.7450 20.5% 64.4% 

Cr/NAA 0.787 0.5740 78.2% 35.6% 
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Figure 4.2: ROC curve for brain metabolites for different parameters of tumor voxels 

 

4.4 Summary  

This chapter included a description of the research results, including the characteristics of the 

tumoral voxel and the normal voxel of GBM tumor, as well as a description of the results of the 

tumoral voxel and the normal voxel of other tumors, as well as the results of the diagnostic values 

and showing the effectiveness of the examination. 
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CHAPTER FIVE 

DISCUSSION & CONCLUSION 

 

5.1 Introduction 

This section covers the study's discussion about the causes and how they differ from earlier local 

and international studies. This chapter also includes the study's conclusion, suggestions, strengths, 

weaknesses, and areas for further research. 

5.2 Discussion 

Through the simultaneous analysis of multiple studies in a mix of healthy and tumoral voxels, the 

diagnostic value of detectable metabolites in long TE was evaluated in this study for the first time 

in Palestine. According to our findings, healthy voxels had considerably greater levels of Cr, NAA, 

and NAA/Cr than tumoral voxels. In contrast, tumoral voxels had considerably greater Pcho/Cr, 

Pcho/NAA ratios, and Pcho concentrations than healthy voxels. 

Various diseases can be diagnosed using various biochemical analyses. A biomarker is a biological 

molecule that may be evaluated using a specific methodology to identify a pathologic process or a 

patient's reactions to a treatment substance (Kohler et al., 2017). 

According to the findings of Verma et al., the Pcho/NAA ratio increased in glioblastoma about the 

degree of malignancy (Verma et al., 2016). They were able to find nonetheless, that non-

neuroectodermal malignancies had lower total Cr concentrations. In contrast to normal voxels, we 

found higher concentrations of Pcho and lower levels of Cr in tumor voxels. 
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However, in glial tumors or meningotheliomatous meningiomas, Cr levels drop by 15–40%. 

Additionally, total Cr content in brain metastases is substantially lower than in neuroectodermal 

malignancies. Cr is a crucial metabolite of cellular energy metabolism. Despite some pathological 

reactions affecting the central nervous system being stable, glioblastoma and astrocytoma’s usually 

cause them to decline. Increased metabolism in tumor cells may cause Cr levels to drop ( Verma 

et al., 2016). 

Hekmatnia et al. showed that different glioma grades can be identified using the signal intensities 

of NAA and Cr (Hekmatnia et al., 2019). Our findings demonstrated that tumoral voxels have 

lower NAA levels than normal voxels (50382.85 + 42832.33 and 97112.95 + 57470.90) 

respectively. In malignant or benign tumors involving axonal loss, NAA, the second-most 

prevalent amino acid in the brain, is either significantly reduced or eliminated. The primary source 

of NAA signal loss in brain malignancies is, appropriately, the absence of the NAA synthesizing 

enzyme (aspartate N acetyltransferase) (Verma et al., 2016). 

 

NAA is one of the most common amino acid derivatives in the brain and is a source of metabolic 

acetate in brain cells. NAA levels decreased in glioma tumors. It is believed that NAA hydrolysis 

produces the high quantities of acetate molecules required for lipogenesis in glioma tumor cells 

(Sathyanathan et al., 2018). 

The NAA has a significant function in glial signaling that is cell specific. They play a crucial role 

in brain function and development, the control of brain cell contacts, the upkeep of the nervous 

system, and even as a neurotransmitter in the central nervous system that functions as a partial 

agonist of N-methyl-d-aspartate receptors. The metabolism of glial cells depends on NAA. 
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Additionally, Canavan disease, a neurodegenerative disorder, has been linked to NAA aciduria 

(Baslow, 2017).  A recent study made the case that brain stem cells, oligodendrocyte progenitor 

cells, and astrocytes might all act as the cell of origin for the development of glioblastoma (Chen 

et al., 2019). Reduced NAA levels most likely have a metabolic and signaling effect that 

contributes to the development of glioblastoma. 

Our findings demonstrated that the Pcho level was identical in tumoral and normal voxels. 

However, according to two separate investigations, Choline Kinase is overexpressed in several 

brain tumors, and a higher choline peak represents increased cell membrane synthesis, turnover, 

and integrity ( Verma et al., 2016). According to Lu et al., choline levels must rise while NAA 

levels fall to assess the spatial extent of metabolic aberration and the ensuing tumor activity (Lu et 

al., 2013). 

 

Similar findings were reported in a different study, which demonstrated that while the NAA signal 

intensity reduced dramatically in the diaschisis cerebellar hemisphere, the choline and Cr signal 

intensities decreased only somewhat. 

Higher levels of choline may be related to cell proliferation, whereas NAA is a measure of the 

density and survival of neurons). More research is necessary to determine the precise function of 

choline alterations in tumor metabolism. 

Different glioblastoma biomarkers' lowered or raised ratios play a crucial role in diagnosis. In 

different research Pcho/NAA and Pcho/Cr ratios in recurrent glioma tumors were considerably 

greater than in radiation injury. However, compared to radiation damage, the NAA/Cr ratio was 

lower in recurrent glioma tumors (van Dijken et al., 2017).  
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In addition, the Pcho/Cr and Pcho/NAA ratios in the radiation-damaged white matter were much 

higher than in the normal-appearing white matter, whereas the NAA/Cr ratio was lower in the 

radiation-damaged white matter. The largest significant Pcho/NAA ratio was found by Kazda et al. 

(Kazda et al., 2016) 

Sensitivity and specificity for glioblastoma recurrence (AUC=0.993; 100% sensitivity and 94.7% 

specificity). They also showed low sensitivity and specificity for the Pcho/Cr ratio (74.6 and 63.2%, 

respectively; AUC=0.691) (Kazda et al., 2016). Contrarily, our results demonstrated that 

assessment of the Pcho/NAA ratio was the most effective technique for discriminating between 

normal and tumoral voxels. It showed a sensitivity and specificity of 83.3% and 28.8%, 

respectively, and an AUC of 0.836 at a cut-off of 0.7170. 

In a comprehensive analysis, seven studies with a total of 261 high-grade glioma patients were 

examined. Analysis revealed that the combined sensitivity/specificity of the Pcho/NAA and 

Pcho/Cr ratios in peritumoral tissue were equivalent to 0.85/0.93 and 0.86/0.86, respectively. In 

the peritumoral area, the Pcho/NAA ratio had a larger AUC value and more specificity than the 

Pcho/ Cr ratio. They recommended using the Pcho/NAA ratio of the peritumoral area to improve 

MRS's ability to distinguish high-grade gliomas from metastases (Wang et al., 2017). Our finding 

showed higher sensitivity and specificity of high-grade gliomas than metastases 83.3% /28.8% and 

78.3% /37.5% respectively. 

The correlation analysis offers insightful information on the connections between the  most 

important items under investigation. Pcho and NAA have a highly significant positive correlation 

of 0.58. With a correlation value of 0.696 between Pcho/NAA and NAA, the two variables are 

strongly positively associated. The favorable outcome suggests that there is a strong correlation 
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between an increase in one variable's (Pcho/NAA) value and an increase in the other variable's 

(NAA) value. The positive correlation value can be interpreted as the majority of the study subjects 

had surgery to remove the tumor. As a result, both healthy and malignant membranes can be found 

where a tumor is located which can affect the correlation result. 

Finally, by comparing GBM and other tumors, especially metastases, due to their comparable 

imaging features and contrast-enhanced patterns, glioblastomas and single brain metastases are 

sometimes difficult to distinguish with conventional MRI. surgical distinction before considering 

the potential differences in these cancers' surgical techniques and treatment procedures (Muccio et 

al., 2019). Advanced MRI method, such as 1 H-MRS, is included in the standard clinical MRI 

practice and provide physiologic and metabolic data that may greatly aid in tumor distinction 

before surgery. By analyzing the intratumoral portion of the lesions, none of the evaluated MR 

methods and their associated characteristics were able to a certain degree  to distinguish GBMs 

from metastatic tumors. 

 

The metabolic ratios NAA/Cr, Pcho/Cr, and Pcho/NAA obtained from MRS corroborate the 

concept that the peritumoral area of glioblastomas is characterized by substantial infiltration of 

tumor cells whereas the peritumoral region of metastases includes nearly solely vasogenic edema. 

By comparing GBM with Meningioma significant ratios are NAA/Cr and Pcho/NAA, our study 

showed higher NAA/Cr and lower Pcho/NAA in Meningioma 1.92 and 0.906 respectively, this is 

consistent with the fact that this disease does not contain cancerous cells. 

By comparing GBM with Oligodendroglioma significant ratios are NAA/Cr and Pcho/NAA, our 

study showed lower NAA/Cr and higher Pcho/NAA in Oligodendroglioma 1.169 and 1.33 
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respectively, this is consistent with an increased probability of metabolic ratio of glia cells.  

There was evidence of consistency between the test results and the biopsies' findings for each 

subject. This consensus was achieved after the radiologist carefully compared the verified GBM 

occurrences to the other potential illnesses under consideration. Surprisingly closely, the outcomes 

and the biopsy analysis agreed. This alignment highlights the precision of the diagnostic procedure. 

However, we cannot use MRS to substitute the biopsy-based diagnosis due to the limited 

sensitivity and specificity of the data. Nevertheless, we may use MRS as a backup diagnostic 

technique. 

5.3 Conclusion  

Advanced MRI method, such as 1 H-MRS, is included in the standard clinical MRI practice and 

provide physiologic and metabolic data that may greatly aid in tumor distinction before surgery. 

throughout the course of clinical practice to increase specificity and give an understanding of the 

underlying molecular characteristics of brain tumors. 

However, due to the low sensitivity and specificity of the results, we cannot replace the diagnosis 

obtained through biopsy with MRS. Nevertheless, we can rely on MRS as a secondary diagnostic 

tool 

The results of the current study showed that the most important and useful criteria for identifying 

tumoral and normal voxels in patients with glioblastoma who have 1HMRS are the NAA, Pcho/Cr, 

Cr/NAA, and Pcho/NAA ratios. 

The most accurate diagnostic test was Pcho/NAA, with a sensitivity of 83.3% and a specificity of 

28.8%. Cr/NAA was the second efficient test (sensitivity: 78.2%, specificity: 35.6%). The 
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Pcho/Crea Ratio was the third helpful test (sensitivity: 61.5%; specificity: 40.7%). 

 To find out whether 1H-MRS can distinguish between a brain tumor area and a healthy one, more 

research is required. 

 

5.4.  Recommendation 

1. MRS Scan for Brain Tumors: Before considering surgical intervention, it is strongly advised 

that any patient exhibiting signs of a brain tumor undergo an MRS scan. This scan may help in 

making a precise diagnosis of the tumor that is already present, thus saving the patient from the 

hazards of needless surgery. 

2. Implementation in MRI Departments: MRS scans have to be made available to all hospitals with 

MRI departments. If the required software is unavailable, hospitals might think about buying it. 

Hospitals can dramatically reduce the burden of surgical operations for patients with brain tumors 

by including MRS scans in their diagnostic regimens. 

3. Radiology personnel should receive thorough training on conducting MRS scans properly and 

efficiently. Radiology technicians are responsible for operating MRI equipment. The advantages 

that MRS scans offer can be maximized by technicians by developing the relevant skills. 

Additionally, they should actively participate in talks with radiologists to jointly examine and 

interpret the scan data, improving the ability to diagnose brain cancers. 

4. High-Field MRI Devices and Repetition: Replicating the study is advised to increase confidence 

in the use of MRS scans as a supporting tool for brain tumor diagnosis. High-field MRI machines 

like the 3 Tesla can be used to achieve this. Repeated studies and the use of cutting-edge MRI 



55 
 

 

technologies can help healthcare practitioners improve their diagnostic precision and delivery. 

5.5. Strength of the Study 

1. Specific Focus on Patients with GBM: This study's focus on patients with GBM, a condition 

known to have greater levels of metabolic indicators like Pcho and Cr in brain tumors, is a major 

strength. This focused strategy provided correct analysis and interpretation of the data as well as a 

thorough grasp of the features of the tumor. 

2. Access to Specialized Software: The MRS scan was performed on the MRI machine at the 

Palestine Medical Complex thanks to the availability of specialized software. The accurate 

imaging and analysis of individuals with suspected brain tumors made possible by this program 

ensured accurate and thorough information for diagnosis and assessment. 

3. Patient collaboration: The strength of the study was considerably increased by the high degree 

of patient collaboration and desire to engage in the research. These patients provided important 

information by giving their agreement to participate in the study, which increased the importance 

and dependability of the results overall. Their participation revealed a great dedication to 

advancing medical understanding and enhancing brain tumor diagnostic skills. 

The focus on GBM patients, the availability of specialist software for MRS scans, and the willing 

involvement of the patients themselves are all factors that make this study strong. These elements 

add to the research's overall robustness and applicability in better comprehending and diagnosing 

brain cancers. 

5.6. Study Limitations 

1. Previous surgeries for tumor removal: The examination's capacity to determine the full existence 
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of the tumor was constrained by the inclusion of individuals who had already had tumor removal 

operations (2 patients new and 5 patients with tumor resection). Instead, attention was paid to 

studying tumor remains. As a result, there were fewer cancer cells found throughout the inspection, 

which might have affected the results and accuracy in general (the low sensitivity and specificity 

of the results).  

2. MRI scanner Strength: To identify some of the metabolic parameters addressed in this work, a 

high-field MRI scanner with a stronger magnetic field is needed, such as the 3 Tesla. Because of 

this, many crucial metabolic parameters could not be discernible or properly evaluated using a 

typical 1.5 Tesla MRI machine, thus impacting the data's thoroughness. 

3. A small number of GBM cases were included in the analysis. But the subjects were picked over 

nine months. For a more accurate evaluation of 1H-MRS power to identify GBM, larger-scale and 

larger-sample studies of the same sort may undoubtedly be helpful. The statistical power and 

generalizability of the results might be impacted by the small sample size of GBM patients. 

 

4. Lack of Knowledge and Interest: Doctors have not been eager to submit any patients with tumors 

for examination since they are unfamiliar with using MR Spectroscopy to diagnose tumors. As a 

result, the study only included a few patients. 

5. Tumor location and Fluid Presence: The presence of surrounding fluids and the position of the 

tumor may bring additional complexity and variables that might affect the examination's findings. 

When assessing the study's results, it is important to take into account how these variables may 

affect the precision and interpretation of the results. 
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6. This study faces challenges similar to traditional imaging procedures, including metallic 

substances in subjects' bodies, kidney issues, and titanium-based joint implants. Pre-MRS 

interventions may be necessary for kidney patients to restore physiological parameters before the 

examination, requiring solutions and medications. 

5.7. Future work 

1. Replicating the Study with a High-Field MRI Device: Replicating the study using a high-field 

MRI machine, such as the 3 Tesla, is one possible direction for future research. This may offer 

improved imaging capabilities and maybe produce more precise and thorough data. By adopting 

cutting-edge technology, researchers may look at how well MRS scans work for detecting brain 

tumors and perhaps learn more about their characteristics. 

2. Investigating MRS Scans for Other Types of Cancer: Research on the efficiency of MRS scans 

in identifying cancers in other body regions, such as breast tumors and prostate cancer, is an 

interesting field for future investigation. Researchers may evaluate the diagnostic utility of MRS 

scans in various clinical settings by looking at the metabolic markers unique to certain kinds of 

malignancies. This could aid in the creation of more thorough, non-invasive diagnostic methods 

for diverse tumor types. 

3. Comparative Studies: Research on MRS scans and other diagnostic methods might benefit from 

comparative studies. Researchers may better grasp the benefits and drawbacks of MRS in a variety 

of clinical settings by contrasting the precision, sensitivity, and specificity of MRS scans with well-

established techniques like biopsy or other imaging modalities. This can improve how MRS scans 

are used for tumor diagnosis and treatment planning and help decision-makers make more 

educated choices. 
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4. Multi-Center Trials and Bigger Sample Sizes: Future research may take into account performing 

multi-center trials with a bigger sample size to further confirm the results and guarantee their 

generalizability. As a result, there may be more support for the efficacy of MRS scans in the 

diagnosis of brain tumors or other types of cancers. This may boost the statistical power and 

robustness of the study. Collaboration across various medical facilities can increase the validity 

and significance of the study findings. 

5. Longitudinal Studies and Follow-Up: Studies that track patients over a lengthy period might 

offer insightful information about the development and response of malignancies to therapy. MRS 

scans can be used in long-term follow-up regimens to help researchers track metabolic changes in 

tumors and assess the effectiveness of therapies. This can help in creating individualized treatment 

plans and enhancing patient results. 

Overall, these new avenues can increase our knowledge of MRS scans' diagnostic capability and 

their suitability for various tumor forms. Researchers can advance medical knowledge, improve 

diagnostic procedures, and enhance patient care by focusing on these topics.   
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 الملخص   

 مقدمة 

الأشكال متعدد  الدبقي  الأرومي  العصبي   (GBM) الورم  الجهاز  في  وتكرارًا  شيوعًا  الأكثر  الورم  هو   ،

٪ من الأورام  20٪ إلى 15٪ من جميع أنواع أورام المخ و 40المركزي بين السكان البالغين ، والذي يشكل 

لكل    10مشكلة صحية عامة حرجة ، فهي ورم نادر مع حدوث عالمي أقل من   GBM عالية الدرجة. تعتبر

الفئات العمرية ،    15-14شخص ومعدل البقاء على قيد الحياة    100،000 شهرًا بعد التشخيص. في جميع 

 .٪ من جميع الأورام الدبقية50تمثل 

لفحص التغيرات   (MRS) تسُتخدم طريقة تصوير غير جراحية تسمى التحليل الطيفي بالرنين المغناطيسي 

للتحقيق في المستقلبات   MRS multivoxel الأيضية في أورام الدماغ الخبيثة. في العمل الحالي ، تم استخدام 

أورام في  المغناطيسي  .GBM المهمة  بالرنين  الطيفي  التحليل  تقدم   ، الثمانينيات  في  الأول  تقريره   منذ 

(MRS) للدماغ البشري بسرعة. اكتسبت Proton MRS   شعبية في التسعينيات بسبب حساسيتها المتزايدة

حيث يمكن إجراؤها دون تعديل   (وراحتها الأكبر نتيجة لتطوير تقنيات محسنة للتوطين المكاني وقمع المياه

يتم إجراء   . (من النوى الأخرى MRS اطيسي ، على عكسالأجهزة في معظم أجهزة التصوير بالرنين المغن

 .(الفحص باستخدام ماسح التصوير بالرنين المغناطيسي

 الغرض من الدراسة 

باستخدام طريقة   (GBM) الغرض من هذه الدراسة هو تقييم وتشخيص الورم الأرومي الدبقي متعدد الأشكال

الاضطرار إلى  لإنقاذ المريض من   (MRS) تصوير غير جراحية تسمى التحليل الطيفي بالرنين المغناطيسي

 .الخضوع لجراحة الخزعة. وتجنيب المريض المخاطر المصاحبة له 

 طرق الدراسة 

كانت الدراسة عبارة عن دراسة كمية مقطعية وتدخلية لتقييم الورم الأرومي الدبقي متعدد الأشكال باستخدام  

للاستغناء عن الخزعة في ممارسة عمل قسم التصوير  MRS التحليل الطيفي بالرنين المغناطيسي وفعالية

وخاصة في    بالرنين المغناطيسي في المستشفيات الحكومية الفلسطينية ، وخاصة في مجمع فلسطين الطبي

 . قسم الرنين المغناطيسي 

وبراءة اختراع واحدة مع   GBMأفراد تم تشخيص إصابتهم  7في هذه الدراسة ، تم جمع المعلومات من    

التغصُّن من   قليلة  الدبقيات  اختراع واحدة مع ورم سحائي وبراءة اختراع واحدة مع ورم  الانبثاث وبراءة 

تم   1.5مع مجال مغناطيسي شدة  GE multivoxel MRS . باستخدام 2023إلى يونيو   2022أغسطس 

 TE مع Point-Resolved Spectroscopy (PRESS) الحصول على البيانات بواسطة بروتوكول
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 Pcho و  Cr و NAA و Pcho مللي ثانية. تم استخراج وتقييم نسبة  TR = 1570 مللي ثانية و 144 =

/ Cr ونسبة Pcho / NAA و NAA / Cho ونسبة NAA / Cr ومستقلبات Cr / NAA   وتقييمها

 .إحصائيًا 

 

 نتيجة 

ل ـ   ، سواء كانت طبيعية أو ورمية ، كان مستوى قيم نسبة   GBM بالنسبة لإجمالي عدد وحدات البكسل 

،    1.2تركيز ) Cho و Cho / NAA و  Cho / Cr و NAA / Cho و NAA / Cr الغذائي ل ـالتمثيل  

  69.  0،    1.49،    1.67،    2.34( على التوالي لفوكسل الورم و )66999.17( ،  1.91،    1.81،    0.90

للفوكسل الطبيعي ، كانت نسبة فوكسل الورم أعلى بكثير من النسبة  62585.15،   ( على التوالي بالنسبة 

 .الطبيعية ، وتركيز تشو أعلى من المعدل الطبيعي فوكسل

 

 خاتمة 

 / Pcho و  Cr / NAA و Pcho / Cr و NAA لختام ، أظهرت نتائج الدراسة الحالية أن نسب في ا

NAA   هي المعايير الأكثر أهمية وعملية للتمييز بين الفوكسل الورمي والطبيعي في المرضى الذين يعانون

الورم   لديهم  من  الذين  الدبقي  قيمة تشخيصية )حساسية   Pcho / NAA كان  .1HMRSالأرومي  أعلى 

٪ ، النوعية:  78.2)الحساسية:   Cr / NAA ٪ ٪ خصوصية(. الاختبار الثاني الفعال كان  28.8٪ و    83.3

 (٪40.7٪ ، النوعية:  61.5  ) الحساسية: ) Pcho / Crea Ratio ٪(. الاختبار الثالث المفيد كان 35.6

, نظرا لانخفاض حساسية وخصوصية النتائج لا يمكننا استبدال التشخيص الذي يتم الحصول عليه   ومع ذلك 

 .   من خلال الخزعة بالتصوير الطيفي بالرنين المغناطيسي , وع ذلك يمكننا الاعتماد عليه كتشخيص ثانوي

 


