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Abstract 

An effective modality for differentiating recurrent brain tumor from 

post-treatment radiation effect remains elusive. The average survival 

time after diagnosis of high grade brain tumors is one year. It is 

imperative to maximize currently available interventions to increase 

survival. One potential imaging technique to differentiate tumor 

recurrence from treatment effect is 1H-MRS. It is currently unknown 

how this imaging modality performs this task in the clinical setting. 

This study presents a variety of cases that represent the spectrum of 

1H-MRS use, interpretation, and outcomes of patients with gliomas at 

a high volume tertiary treatment facility. The state of 1H-MRS use for 

differentiating tumor recurrence from radiation necrosis demonstrates 

a need for better techniques and criteria for interpretation of acquired 

1H-MRS information. 
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Introduction 

 For 2007, the Centers for Disease Control and Prevention 

reported at a 95% confidence interval the age-adjusted incidence rates 

for males and females of malignant tumors of neuroepithelial tissue in 

the United States for ages 0-19 was 3.0 (2.9-3.1)/100,000 and for ages 

20 and over it was 7.2 (7.1-7.4)/100,000. This translates into 2,439 

people under the age of nineteen and 16,021 people twenty years and 

older who develop these types of tumors every year (U.S. Cancer 

Statistics Working Group). It is imperative that successful treatments 

are developed to treat the significant number of people developing 

these brain tumors. Additionally, the median survival rate of patients 

diagnosed with high grade primary brain tumors is twelve months (Lee 

and Gonzalez 2000). The rapidity with which this disease causes 

mortality adds urgency to a search for quick and effective treatments.  

The designation of brain cancer encompasses a wide variety of 

neoplasms that are not all treated the same. One subset of brain 

cancers is glioma. Gliomas include tumors that originate from glial 

cells in the brain. Glial cells include astrocytes, oligodendrocytes, 

ependymal cells, Schwann cells, microglia, and satellite cells. 
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Malignant gliomas constitute a large portion of new brain cancers. 

Glioblastoma, a subset of glioma, is responsible for almost half of the 

new malignant brain tumors each year (U.S. Cancer Statistics 

Working Group). Glioblastoma is the highest grade of glioma, meaning 

it is the most malignant brain tumor. Therefore, it is crucial that 

successful therapies for gliomas be found to reduce the overall disease 

burden of brain cancer.  

Currently, treatment for gliomas involves surgery, followed by 

radiotherapy and chemotherapy. Guidelines state radiotherapy should 

encompass a two centimeters margin around the tumor area with a 

total dose of 60 Gy of radiation (Laperriere et al. 2005). The purpose of 

radiotherapy is to damage tumor cells left behind after surgery, but it 

also damages normal brain tissue. Addition of concurrent and adjuvant 

temozolomide has been shown to increase survival times of newly 

diagnosed patients with glioblastoma. Temozolimide is an oral 

alkylating agent that depletes the DNA-repair enzyme O6-

methylguanine-DNA methyltransferase (Stupp et al. 2005). 

Temozolomide has since been used as a standard therapy for patients 

with gliomas (Brandsma et al 2008). Current treatment guidelines 

strike a balance between the beneficial effect of damaging cancer cells 
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and the harmful effect on normal brain. Unfortunately, an unintended 

side effect of treatment exists that creates a barrier to successful 

treatment of this disease. 

Radiotherapy likely affects glial cells, vasculature and, to a 

lesser extent, neurons (Belka et al. 2001). This change appears as a 

contrast enhancing lesion on magnetic resonance imaging (MRI), and 

is referred to as post-treatment radiation effect (PTRE). Normal tissue 

damage is expected due to the two centimeter margin 

neuroradiologists target to catch any stray malignant cells. An 

estimate of PTRE incidence is as high as twenty-four percent after five 

years, with incidence increasing over time (Marks et al. 1985). PTRE 

can be attributed to radiation injury (Sundgren 2009), with radiation 

necrosis being the most common and severe type (Pružincová et al. 

2009). A study published in 2006 by Ruben et al. found the incidence of 

radiation necrosis to be 4.9 percent, with an actuarial incidence of 13.3 

percent after three years. With the addition of temozolomide to 

radiation therapy, it appears PTRE is occurring more frequently and 

earlier than with radiation therapy alone (Brandsma et al. 2005; 

Yaman et al. 2010). Thus, radiation injury and radiation necrosis are 

not uncommon results of routine brain tumor treatment. 
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T-2 weighted magnetic resonance images cannot reliably 

differentiate PTRE from recurrent tumor (Kumar et al. 2000; Bonavita 

1999). Even severe radiation necrosis often presents on conventional 

MRI as a ring or irregular contrast enhancing lesion (Kimura et al. 

2001; Kimura et al. 2004; Pružincová et al. 2009). Therefore, a mixture 

of malignant cells from a previously resected tumor and PTRE could be 

hiding within an area of enhancement. Since PTRE and recurrent 

tumor are difficult to differentiate, the current gold standard of 

diagnosing radiation necrosis is pathologic examination, but additional 

operations carry increased risks of morbidity (Kang et al. 2008; Plotkin 

et al. 2004; Preul et al. 1998; Pružincová et al. 2009; Sundgren 2009). 

Even as a gold standard, biopsy results are inaccurate around ten 

percent of the time due to missed areas of malignancy during biopsy 

(Leeds and Jackson 1994). There needs to be a reliable modality to 

differentiate PTRE from recurrent tumor in order to limit the number 

of operations patients undergo. Additional imaging techniques to 

conventional MRI may be able to accomplish this. 
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Magnetic Resonance Spectroscopy  

One promising imaging candidate for differentiating PTRE from 

tumor recurrence is magnetic resonance spectroscopy (MRS). This 

imaging modality has become widely utilized in clinical settings, even 

becoming part of the routine MRI workup of tumors (Kwock et al. 

2002; Lee and Gonzalez 2000; Young 2007). This technique uses a 

magnetic resonance imaging machine equipped with software used to 

define a volume element composed of a height, length and width to be 

sampled. This volume element is termed a voxel (Castillo et al. 1996). 

A large benefit of MRS is that it is noninvasive and does not require 

contrast agents or high-energy radiation (Lee and Gonzalez 2000). 

MRS reveals the in-vivo biochemical composition of the tissue being 

investigated (Kwock et al. 2002; Lee and Gonzalez 2000). Commonly, 

1H and 31P nuclei are used in MRS, but data from 13C, 15N, 19F, and 

23Na can also be utilized (Burtscher and Holtås 2001). 1H has become 

the nuclei of choice because it provides information on cell membranes, 

neuronal function, metabolically active compounds and myelin, while 

granting better spatial resolution than 31P (Burtscher and Holtås 

2001). MRS is commonly utilized by acquiring biochemical profiles 
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from in and around brain lesions, then comparing them to the opposite 

hemisphere (Burtscher and Holtås 2001). 

There is evidence supporting the use of 1H-MRS in the 

evaluation of gliomas. In 1996, 1H-MRS successfully distinguished 91 

out of 90 of the five most common brain tumors while the standard 

preoperative clinical evaluation could only accurately diagnose 71 of 

91. Additionally, these accurate diagnoses could be made in deep, 

eloquent regions of the brain where intraoperative complications 

prevent proper pathological analysis ( Preul et al. 1996). 1H-MRS has 

also been used to select intracranial biopsy sites by targeting areas of 

high cellularity, while avoiding areas of necrosis (Preul, Caramanos, 

and Leblanc 1998). Appropriate analysis of 1H-MRS data was even 

found to predict patient survival at least as well as more invasive 

clinicopathological features for supratentorial tumors (Kuznetsov et al. 

2003). In 2000, Preul et al. also found that 1H-MRS could be used to 

determine tumor response to chemotherapy soon after initiation of 

therapy. Sankar et al. found that 1H-MRS can predict the failure of 

gliomas to chemotherapy before clinical or radiological symptoms or 

signs arise (2008). Sankar et al. used 1H-MRS to establish the location 

of a “metabolic epicenter” that correlates with overall survival and 
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histopathologic grade (2009). Unquestionably, 1H-MRS has proven to 

be a reliable and informative technique for investigating brain tumors. 

Many different biochemical markers can be discerned using 

MRS, but only some have been implicated in discerning PTRE from 

tumor recurrence. Brain metabolites routinely detected by 1H MRS are 

N-acetyl aspartate (NAA) at 2.0 ppm, choline (Cho) at 3.2 ppm, 

creatine (Cr) at 3.0 ppm, lactate (Lac) a doublet at 1.33 ppm and lipids 

(Lip) from 0.9-1.3 ppm (Byrd et al. 1996; Burtscher and Holtås 2001; 

Lee and Gonzalez 2000). Figure 1 shows a T2-weighted MRI overlaid 

with examples of spectroscopy from different tissue types.  

In normal brain tissue, the largest signal arises from NAA (Lee 

and Gonzalez 2000; Castillo, Kwock, and Mukherji 1996). Studies have 

demonstrates that NAA is found in neurons and is absent in glial cells 

(Simmons, Frondoza, and Coyle 1991; Miller 1991). Abnormal spectra 

are obtained when functional cells containing NAA are replaced by 

malignant cells without NAA, like those of brain tumors (Castillo and 

Kwock 1998). A decrease in the NAA peak is seen with high grade 

gliomas (Mechtler 2009). After radiotherapy, irradiated brain in the 

area of the treated tumor has lower levels of NAA than controls, but  
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Figure 1  

 From Lee and Gonzalez 2000. The top pattern shows normal levels of 

Nacetyl aspartate (NAA), choline (Cho), and creatine (Cr). The middle 

pattern shows elevated Cho and Lac and decreased NAA and Cr 

characteristic of high-grade glioma. The bottom pattern, lacking all 

metabolite signals except for lipids (Lip), is indicative of necrosis. 
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the non specific region of interest in these experiments makes it hard 

to determine if the decrease in NAA is due to tumor or PTRE (Heesters 

et al. 1993; Usenius et al. 1995; Walecki et al. 1999).  

An increase of Cho is also a biochemical marker for brain tumors 

(Castillo and Kwock 1998; Fulham et al. 1992; Kimura et al. 2004; 

Kugel et al. 1992; Mechtler 2009; Ott et al. 1993). Gliomas, specifically, 

are also associated with an increased Cho/Cr (Mechtler 2009). There is 

a close association between Cho and cell membranes, leading to 

increases of this marker during membrane synthesis and degradation 

(Rand, Prost, and Li 1999). Therefore, high levels of Cho are to be 

expected under rapid growth conditions and during cell death seen in 

tumor recurrence and radiation necrosis (Lee and Gonzalez 2000). 

Increases in Cho levels after radiation therapy have been associated 

with recurrent tumor (Walecki et al. 1999). Irradiated brain without 

tumor recurrence has unchanged levels of Cho when compared to 

controls (Usenius et al. 1995). After radiotherapy, a Cho decrease 

accompanied shrinkage of tumor diameter (Heesters et al. 1993). These 

findings are ambiguous and a review of the MRS literature in 2000 

found post treatment increases and decreases of Cho (Lee and 

Gonzalez). Convoluting the findings even further, time dependent 
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effects are seen when initial variance turns into a decrease of Cho 

when measured at a later time (Pružincová et al 2009). Also, necrosis 

without any radiotherapy is associated with high Cho (Kimura et al. 

2004). Because Cho levels are not consistent after irradiation, it alone 

does not appear to be a good indicator for differentiating PTRE and 

tumor recurrence. 

The signal for Cr comes from the adenosine diphosphate-

adenosine triphosphate energy cycle metabolites creatine and 

phosphocreatine (Rand, Prost, and Li 1999). This metabolite peak is 

often used as a standard to measure other biochemical levels against 

because of its perceived stability, but levels can be decreased in tumors 

(Lee and Gonzalez 2000; Walecki et al. 1999). 

Lactate is produced when oxygen delivery to a cell is inadequate 

for the cells energy demand, such as a rapidly growing tumor (Castillo 

and Kwock 1998). It has been reported that lactate from this situation 

can accumulate in necrotic or cystic regions (Castillo and Kwock 1998; 

Fulham et al. 1992). In one study, lactate was associated with the 

presence of tumor (Kimura et al. 2004). A review by Mechtler in 2009 

demonstrates the ambiguous relationship between lactate and gliomas 
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by stating that lactate is present in only some cases. There is evidence 

that lactate peaks, when they are present, disappear after 

radiotherapy and lipid peaks take their place (Kimura et al 2004). The 

presence of lactate and/or lipid levels in necrosis have been noted 

(Preul et al. 1998; Rock et al. 2002). Studies point to low levels of 

lactate in predicting radiation injury (Preul et al. 1998; Rock et al. 

2002; Walecki et al. 1999). 

Lipid signals are not usually seen on MRS of normal brain 

unless short TE times are used (Castillo et al. 1996). This biochemical 

marker is associated with necrosis (Kimura et al. 2004; Kuesel et al. 

1994). The lipid rich scalp can also contaminate regions along the outer 

edges of the cranial cavity (Castillo et al. 1996; Lee and Gonzalez 

2000). This makes it important to outline regions of interest carefully 

so as not to contaminate voxels with unwanted lipids. Also, the lactate 

peak can be obscured by lipid peaks found from 0.9-1.3 ppm from 

necrosis (Kuesel et al. 1994). Authors have dealt with this obfuscation 

by combining lactate and lipids into one measurement, lac/lipids 

(Kimura et al. 2001; Rock et al. 2002). 
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Authors have used varying ratios of biochemical markers to 

differentiation PTRE and recurrent tumor. Many studies have used 

the Cho/Cr differs between PTRE and recurrent tumor (Ando et al. 

2004; Lichy et al. 2004; Lichy et al. 2005; Kimura et al. 2004; 

Schlemmer et al. 2001; Kimura et al. 2001; Kimura et al. 2003; Smith 

et al. 2009; Weybright et al. 2005; Zeng et al. 2007). Many of these 

studies have found this difference specifically in gliomas. Although not 

as prevalent in the literature, the Cho/NAA has also been used to 

differentiate PTRE and recurrent tumor (Czernicki et al. 2009; 

McKnight et al. 2002; Plotkin et al. 2004; Schlemmer et al. 2001; 

Smith et al. 2009; Weybright et al. 2005; Zeng et al. 2007). The last 

ratio with strong evidence from the literature is NAA/Cr (Czernicki et 

al. 2009; Smith et al. 2009; Weybright et al. 2005; Zeng et al. 2007). It 

is also worth mentioning that two studies found significant differences 

between PTRE and recurrent tumor using the Cho/Crnormal (Rabinov et 

al. 2002; Rock et al. 2002). Values for normalized metabolite levels are 

obtained from voxels placed in normal appearing white matter, usually 

on the contralateral side of the brain from the lesion. Another 

promising metabolite for differentiating PTRE and recurrent tumor is 

lactate. Studies have used Cho/(Lip or Lac), Lac/Cr, Lac/Cho, and Lip-
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Lac/Chonormal with varying degrees of success (Kamada et al. 1997; 

Kimura et al. 2001; Rock et al. 2002; Zeng et al. 2007;). All but one of 

the studies finding lactate as a helpful metabolite were in patients 

with gliomas, making lactate a good candidate for future glioma 

research. A complete listing of each ratio can be found in table 1. 

These ratios provide good suggestions for possible ways to 

differentiate PTRE from recurrent tumor, but they have serious 

limitations. One example is that each study retrospectively finds a 

ratio that is significantly different between radiation injury and 

recurrent tumor. Yet, they are not reliably reproduced from one author 

or study to the next. This anomaly may be due to data mining 

techniques that compare every available metabolite. Theoretically, this 

may result in some spurious results being reported. Also, when authors 

apply cutoff criteria for metabolite ratios to differentiate PTRE from 

recurrent tumor, they have less than satisfactory sensitivities and 

specificity. This creates a problem for clinicians using 1H-MRS data as 

they attempt to make clinical decisions. Additionally, Young (2007) 

observes that direct physician supervision of trained technologists is 

necessary to select appropriate voxel size and area of interest. Without  
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clear, reproducible diagnostic criteria, clinicians must make decisions 

based on gestalt criteria.  

A large number of people are diagnosed with brain tumors each 

year. If the diagnosis is high grade, the median survival is only a year. 

This makes it important to maximize available treatments. One 

barrier to effective treatment is the damaging effect of radiotherapy on 

normal brain. Radiation damage can cause lesions that are not easily 

distinguishable from recurrent tumor. The goal of this research is to 

evaluate the use of single voxel 1H-MRS for the differentiation of 

PTRE from recurrent tumor at a large tertiary referral center for brain 

tumors. We intend to 1) Delineate the MR spectroscopic spectral 

characteristics that differentiate and define radiation necrosis from 

tumor recurrence in gliomas. 2) Assess from radiographic records and 

images (MRI and single voxel 1H-MRS exams) what regions of tumor 

or peri-tumoral tissue are being interpreted as radiation 

necrosis/change and what is being interpreted as tumor or recurrent 

tumor, and to correlate tissue samples from the same area, or imaging 

follow-up if there are not tissue correlations. 3) Assess the evolution of 

imaging characteristics surrounding the 1HMRS exam, i.e., patient’s 
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history and pre and post MRI imaging changes in the MRS exam 

region. 
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Methods 

Ninety-five patients with pathology proven malignant gliomas 

who had previously undergone resection and radiation treatment prior 

to 1H MRS scanning will be included in the study. Patients will be 

excluded who do not meet inclusion criteria. All magnetic resonance 

imaging for each patient will be obtained from the picture archiving 

and communication system at St. Joseph’s Hospital and Medical 

Center through The Dominator imaging system (DR Systems, Inc. San 

Diego, California, USA). A digital copy of 1H-MRS images will be saved 

onto laboratory work stations and peak heights of Cho, Cr, NAA, Lip 

and Lac will be measured manually using ImageJ (National Institutes 

of Health, USA). Baselines will be drawn and peak heights will be 

measured from the highest point of identified metabolite peaks to the 

baseline using the most vertical line. Peak heights will be measured 

twice and evaluated for reproducibility. Peak heights will be used to 

calculate ratios between metabolites from the same voxel. Spectral 

imaging parameters will be recorded if available, including line widths, 

echo times, repetition times, information on physician assistance of 

voxel placement, magnet strength, and any automatic calculations of 

peak heights by the imaging software. 



 

24 
 

In order to evaluate signal progression, all available image types 

will be used. These include any axial, sagital, coronal, T1, T2, contrast, 

noncontrast, pre-operational, and post-operational images. 

Pathology information will be obtained from neuropathology 

records at St. Joseph’s Hospital and Medical Center. Tissue will be 

correlated to voxel position using pre and post operational images.  

 Radiation information will be collected from radiation oncology 

records. This will include total dose to target area as well as method 

for radiation delivery. Neuro-Oncology records will also be used to 

determine what chemotherapeutic agents patients received before, 

during, and after radiation treatments. 

 This study was approved by the St. Joseph’s Hospital and 

Medical Center Institutional Review Board. The University of Arizona 

Institutional Review Board deferred Institutional Review Board 

approval to St. Joseph’s Hospital and Medical Center. 
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Results 

The study is still in progress and therefore a sample of the cases 

will be presented that used 1H-MRS to differentiate recurrent glioma 

from PTRE. 

Subject 2 

A twenty-seven year-old male with a history of recurrent anaplastic 

ependymoma who received radiation with adjuvant chemotherapy in 

2007 and 2008. CyberKnife radiotherapy included 2500 cGy at the 76% 

isoline in five fractions (11/29/07 - 12/05/07). Figure 2 shows an area of 

increasing enhancement from 9/11/2008 to 4/23/09 in the right frontal 

lobe. 1H-MRS on 4/29/09 was read as relatively high grade glioma 

located in the inferior right frontal lobe. As can be seen, spectra one 

from the more posterior voxel shows a normal Cho/Cr ratio, indicative 

of normal brain, while spectra two shows a Cho/Cr flip and lactate 

doublet, indicative of tumor or necrosis. Spectra three shows an 

unusable spectra. A resection of the left inferior temporal lobe was 

done on 5/8/08. Pathology from that specimen was diagnosed as 

recurrence. No tissue was obtained from either voxel of the right 

frontal lobe. Figure 2 also shows recession and stabilization  
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Figure 2 
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of the enhancement 2.5 months after 1H-MRS. This points to PTRE as 

the source of enhancement in the right frontal lobe instead of tumor.  

Subject 8 

A five year-old female with a history of astrocytoma who underwent 

radiation therapy from 12/1/08 - 1/13/09 and received 5400 cGy in 

fractionated doses. Figure 3 shows progression of increasing 

enhancement on axial FLAIR irFSE images followed by voxel location 

on axial T1 images with contrast with their respective 1H-MRS 

findings. The radiology report classifies these spectra as tumor. These 

spectra all have questionable signal to noise ratios bringing into 

question the validity of the presence of a Ch/Cr flip and lactate peaks. 

There is no radiologic follow up after spectroscopic imaging. 

Subject 9 

A 41 year-old female with a history of anaplastic oligodendroglioma 

who underwent radiation therapy from 8/6/08-9/17/08 and received a 

total dose of 6000 cGy in fractionated doses. Figure 4 shows the 

evolution of the contrast enhancing T1 lesion from 10/14/08 – 8/24/10. 

1H-MRS was performed on 5/28/09 with voxel placement supervised by 

a neuroradiologist. The first two spectroscopic profiles were obtained  
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Figure 3 

 

 

 

 

 

 

 



 

29 
 

Figure 4 
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from a voxel enclosing an area of enhancement at the periphery of the 

lesion. This spectroscopy was read as high grade tumor. These both 

show a prominent Ch/Cr flip while the first shows a small lactate 

doublet and lipid peak. The second was run at a long TE causing 

inversion of the lactate peak, with no identifiable lactate. The second 

two were obtained from a voxel placed within a contrast enhancing 

area. These both show a prominent Ch/Cr flip, with the first short TE 

showing a large lactate/lipid peak and the long TE second spectroscopy 

showing no lactate inversion or lipid peak. These were read as tumor 

and necrosis. On follow-up images, the contrast enhancing region is 

significantly decreased and stable, indicating PTRE instead of tumor. 

Subject 17 

A thirty-nine year-old male with a history of anaplastic ganglioglioma 

who underwent radiation therapy on 10/20/2006 and received 12 Gy to 

the 50% isoline. This patient also had a history of radiation therapy 

prior to 10/20/2007 in New Mexico of unknown total radiation dose. 

Figure 5 shows progression of enhancement on contrasted axial and 

coronal T1 images from 8/23/07 – 1/15/08 and post surgical changes on  
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Figure 5 
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1/17/08. 1H-MRS was performed on 1/15/08. Both axial and coronal 

images showing the placement of two voxels are shown along with 

their respective spectroscopic data. Both spectra were read as tumor. 

Resection of the right hemispheric lesion, including areas from the first 

voxel, was performed the next day. Pathology found a mixture of tumor 

and radiation necrosis. No imaging follow-up was performed after the 

post-resection imaging. It is interesting to note that the area of 

enhancement included in the second voxel, and read as tumor, was not 

resected. Unfortunately, there is no follow-up to determine the etiology 

of this enhancement. Since spectroscopy diagnosis matched pathology 

from the first voxel, the second voxel could very well have been tumor. 

Without knowing why the tissue from the second voxel was excluded 

from resection, it is hard to draw conclusions about the utility of 

spectroscopy. Could the neurosurgeon have stopped resecting because 

they were approaching an eloquent area of the brain; or because they 

could not directly visualize tumor intraoperatively? If this patient had 

recurrence in the area of the second voxel, then it is possible that 

spectroscopy may be useful for surgical planning, possibly better than 

direct intraoperative visualization. 
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Subject 23 

A 37 year-old female with a history of glioblastoma multiforme treated 

with 6000 cGys of radiation from 5/15/07 – 6/26/07. Figure 6 shows the 

areas of enhancement and voxel placement. The spectroscopic images 

were read as nonspecific for either tumor or necrosis. Over 311 days, 

the right frontal enhancement and left posterior-frontal lesion remain 

stable and the area of enhancement in the left anterior-frontal lobe 

recedes. Resection was performed from an unknown location that 

showed PTRE. It is unknown why a resection was performed with 

stable and resolving areas of enhancement. Looking back at the 

spectroscopy, it appears that the first and third spectroscopy images 

show lipid/lactate peaks and a Cho/Cr peak height within normal 

limits. 1H-MRS may have saved this patient an operation if the 

spectroscopy had been interpreted differently. 

Subject 28 

A 39 year-old male with a history of grade 3 oligoastrocytoma with a 

history of 5940 cGys by conformal beam from 9/21/05 – 11/4/05, BCNU 

brachytherapy, and oral temozolomide. Figure 7 shows areas of  
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Figure 6 
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Figure 7 
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enhancement, voxel locations, their respective spectroscopic images, 

and imaging follow-up. The 1H-MRS was initially read as necrosis in 

February, but read as tumor two weeks later on repeat 1H-MRS of the 

same areas. Imaging follow-up demonstrates increasing enhancement 

over eight months. It unclear why the spectroscopy was originally 

diagnosed as necrosis, when spectroscopy from both dates’ shows 

increased Cho compared to Cr, reduced NAA, and large lip/lac peaks. 

Subject 29 

A 57 year-old male with a history of brain tumor with no pathological 

tissue correlation. This patient has a history of 6000 cGy delivered by 

conformal beam radiation in thirty doses between 8/8/05 - 9/19/05 to 

the tumor bed. The 1H-MRS performed on 1/9/07 was read as tumor, 

likely because of the Cho/Cr flip, decreased NAA, and lip/lac peaks. 

Figure 8 shows the enhancement from voxels 1 and 2 resolving on 

radiologic follow-up over ten months, indicating PTRE. 1H-MRS 

performed on 9/27/07 was read as necrosis, likely due to the prominent 

lip/lac peak even with the presence of a Cho/Cr flip. Subsequent 

imaging revealed increasing enhancement over two months in the area  
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Figure 8 
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of voxel 3. No tissue pathology was obtained from this patient. It is 

possible that voxel 3 contained tumor, but the increased enhancement 

could also be due to radiation necrosis. 

Subject 30 

A 56 year-old male with a history of glioblastoma multiforme who 

received 3000 cGy of conformal beam radiation therapy in 10 fractions 

between 6/12/08 – 6/25/08. Figure 9 shows increasing enhancement 

from 6/11/07-10/26/7. 1H-MRS performed on 10/26/07 was read as 

necrosis. A resection was performed ten days later, with tissue from 

the same location as the voxel. Pathology showed tumor and PTRE. 

Subject 31 

A 62 year-old male with a history of glioblastoma multiforme who 

received an unknown amount and route of brain radiotherapy. Figure 

10 shows increasing enhancement of the left temporal lobe at the 

margin of a prior resection cavity. 1H-MRS on 7/10/07 was read as 

necrosis. A resection was performed fifteen days later with pathology 

from the voxel location revealing treatment effect. Spectroscopy seems 

to be correct in diagnosing PTRE, yet 10 months later an area of  
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Figure 9 
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Figure 10 
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enhancement arises from the margin of the resection cavity. It appears 

that there was a tiny amount of tumor remaining after resection. 

Subject 32 

A 47 year-old male with a history of astrocytoma who received 5940 

cGy of intensity modulated radiation therapy in 33 fractions over the 

period from 6/5/06 - 7/21/06, gliadel wafer implantation, and 

temozolomide chemotherapy. Figure 11 shows increasing enhancement 

from 11/26/06 – 2/18/07 around the margins of a previous resection. 

1H-MRS from 2/18/07 was read as radiation necrosis, probably because 

of the large lip/lac peaks. Although, there is a Cho/Cr flip present on 

the first two spectroscopic images that needs to be considered. Forty-

four days later a resection was performed and pathology revealed 

recurrence and PTRE.  

Subject 33 

A 60 year-old male with a history of glioblastoma multiforme who 

received 5940 cGy of conformal beam radiation therapy in 33 fractions 

between 8/23/06 – 10/9/06, gliadel brachytherapy, and oral 

temozolomide chemotherapy. Figure 12 shows the spectroscopy 

obtained from an exam on 2/15/07 and read as tumor, but with no  
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Figure 11 
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Figure 12 
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image showing the location of the voxel. Also in Figure 12, are T1 

contrasted images showing the evolution of the enhancement from 

10/23/06 until a post surgical exam on 11/1/07. Resection was 

performed 256 days later showing tumor recurrence, indicating the 

spectroscopy was likely correct in diagnosing tumor even though we do 

not know where the voxel was placed. It is unclear why a resection was 

not performed until 256 days after the spectroscopy indicated the 

presence of tumor, but there was a note attached to the 1H-MRS report 

stating that the voxel was too small for accurate interpretation. The 

dimensions of the voxels were 18x16x23 and 17x22x20, respectively. 

These are not uncommon volumes when compared to other 1H-MRS 

exams performed at this institution. 

Subject 37 

A 43 year-old male with a history of glioblastoma multiforme who 

receive 6000 cGy of conformal beam radiation therapy in 30 fractions 

between 12/27/06 and 2/8/07. Figure 13 shows the 1H-MRS exam from 

8/21/07 and T1 contrasted images from 4/13/07 to 2/26/08. The 1H-

MRS report was read as nonspecific, despite large lip/lac peaks on all 

images. Resection, including areas from the voxels, was performed on  
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Figure 13 
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9/10/07 that showed PTRE. Follow-up imaging shows increasing 

enhancement at the resection margins, likely due to evolving areas of 

radiation necrosis.  

Subject 40 

A 74 year-old female with a history of oligodendroglioma with a history 

of unknown amount or type of radiation therapy. 1H-MRS was 

performed on 3/1/07 in the context of an expanding area of 

enhancement within the right frontal lobe. Spectroscopy was 

interpreted as high grade recurrent tumor, likely due to the presence 

of a prominent Cho/Cr flip and a large lip/lac peak. Figure 14 shows 

the 1H-MRS exam as well as T1 contrasted images prior to and 

following spectroscopy. As the images show, the area of enhancement 

decreases over 2 months following the 1H-MRS, indicating the 

enhancement is due to PTRE. 

Subject 65 

A 45 year-old female with a history of anaplastic oligodendroglioma 

who received an unknown amount and type of radiation therapy. 

Figure 15 shows the 1H-MRS exam from 8/30/04 and T1 contrasted 

images from before and after. The images show an area of increasing  
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Figure 14 
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Figure 15 
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enhancement adjacent to the previous margin of resection. The 

spectroscopy was read as recurrence and the lesion was followed by 

imaging. The lesion remained stable for three months and then a 

resection was performed on 11/29/04. Pathology from the area 

contained in and around the voxel contained tumor. In this case, the 

spectroscopy correctly diagnosed tumor, while the follow-up imaging 

remained stable, indicating a more benign process. This recurrent 

tumor could have been missed if the 1H-MRS findings had been 

ignored and surgical intervention based solely on contrast 

enhancement. 
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Discussion 

Despite the early stages of data presented here, there is still 

much that can be learned from the preliminary results. First, it shows 

that 1H-MRS may be interpreted as radiation change or recurrent 

tumor. Such situations may result in misinterpretations as for subjects 

2, 28, 29, 32, and 37. For example, spectra for subject 2 were 

interpreted as recurrent tumor because of a reversal of the normal 

Cr/Cho ratio. This Cr/Cho ratio reversal is minimal and it could have 

been interpreted as PTRE. A diagnosis of PTRE is most likely due to 

the subsequent resolution of the enhancement over the following few 

months. As for subject 28, spectroscopy was interpreted as necrosis, 

but two weeks later was interpreted as tumor. Even though these 

spectra were obtained from the same locations and had the same the 

pattern of Cr/Cho reversal with lactate peaks, they were interpreted 

differently. For subject 29, the first set of spectra were interpreted as 

tumor presumably because of the Cr/Cho reversal, decreased NAA, and 

lactate peak. A few months later, another spectroscopy demonstrating 

the same characteristics was read as necrosis. This should be expected 

as there is neither a proven nor widely accepted criteria for 

interpreting 1H-MRS data correlative to PTRE or recurrent tumor. 
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Compounding this situation is that such histologic regions may be of 

mixed tissue composition. The voxel placement for subject 65 was over 

such a large area that the contrast enhancing portion was only about 

one fourth of the entire region of interest. The voxel contained a 

significant amount of normal appearing brain, cystic component, and 

extended from basal cistern to skull. This study will help define 

criteria to differentiate tumor necrosis from post treatment radiation 

effect more consistently between study to study and radiologist to 

radiologist.  

Another issue demonstrated by the data presented here is the 

effect of suboptimal region of interest or voxel placement. The location 

of the voxel in proximity to bone, fat, or ventricle can affect the quality 

of data as with subject 2. This subject had a voxel placed right over an 

area of previous resection adjacent to the skull base containing a cystic 

component. The location of the MRS voxel must however be within the 

area of question for definition of PTRE or tumor which is sought by the 

clinicians. Also, the dimensions of the voxel are critical to acquire data 

that will yield a clinically helpful MRS examination. It can be defined 

too small for the area of interest or for the technical limits of the MRI 

scanner and MRS sequence. The voxel may be too large in volume, 
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thus incorporating and suffering from partial tissue volume effects, 

diluting the voxel with normal brain or radiation injured brain to the 

extent that spectral patterns consistent with more pure tumor tissue 

are not seen as demonstrated by subject 31. The spectral pattern for 

subject 31 was originally interpreted as necrosis. This was confirmed 

by pathology from a resection 15 days later. Yet, enlargement of the 

area of enhancement indicated the presence of neoplastic cells. It is 

possible the voxel contained neoplastic cells, but the signal was 

masked by a large component of necrosis. Better choice of voxel size or 

placement may have provided a more diagnostic study. 

The afore problems often result in uninterpretable data. 

Without good data, 1H-MRS is useless in helping make a clinical 

decision as demonstrated by subject 37. Subject 37 had a 1H-MRS 

study with spectra containing large lipid/lactate peaks interpreted as 

non diagnostic. This subject eventually underwent a resection of the 

area revealing necrosis. This patient was made to undergo a major 

operation that confirmed what was already inferred by 1H-MRS. MRS 

is usually performed as part of an add-on sequence to a conventional 

follow-up MRI for a tumor patient. It may critically impact the choice 

of attention for tissue resection in the operating room when the 
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situation of a significant recurrence is suspected that requires surgery. 

As well, this sort of MRS examination may influence follow-up 

management by radio-oncologists for assessment of post-treatment 

radiation effect. Second, it increases the time requirement and expense 

of each study. Running and rerunning 1H-MRS scans to get usable 

data can result in a significant time increase in addition to the battery 

of scans already performed. The cases cited reveal that there is need 

for improved placement of voxels, both in size and space, for 1H-MRS 

to be used successfully and reliably. 

This study also shows that 1H-MRS can be used to follow-up 

questionable areas of enhancement successfully as shown for subjects 

28, 32, 33, and 65. Each of these subjects had spectra interpreted as 

recurrence with either confirmation by pathology or supportive 

radiographic findings on follow-up imaging. Indicating that 

spectroscopy may be a sensitive tool for detecting tumor recurrence if 

used as part of routine MRI surveillance. Despite demonstrating this 

successfully, there are also instances of 1H-MRS missing areas of 

recurrence. This shows that further analysis of data is needed to 

determine the cause of this discrepancy. 
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There are several limitations to this study that can be addressed 

in future research. Lack of follow-up makes it impossible to determine 

outcomes as was demonstrated by subjects 8 and 17. Research into this 

area would be improved if long term follow up could be maintained on 

these patients. A severe limitation is the lack of pathological 

correlation with voxel location for the majority of examinations. In 

many instances, the area of resection is larger than the voxel, from 

only a portion of the voxel, or from an area remote to the voxel. Subject 

2 is a perfect example of this. Out of three voxels defined during the 

examination, only one was sampled from. Only the nondiagnositc voxel 

was sampled, while the voxel interpreted as high grade tumor was left 

intact. The information would be more useful if targeted areas could be 

defined pre-operatively and stereotactically acquired for correlation. It 

would also be useful to have tissue acquired by targeted biopsy from 

areas read as radiation necrosis to correlate 1H-MRS data with 

pathology, although the large voxel size still presents difficulties for 

partial volume effects. Such examinations as 2D or 3D multivoxel MRS 

would be useful but these are not remunerable examinations, and only 

recently has 3D multivoxel MRS been incorporated into a standard 

neurosurgical guidance platform which was accomplished by 
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researchers at the Barrow Neurologic Institute Neurosurgery Research 

Laboratory. 

The cases presented here are a representative sample of the 

patients that will be included in the final study – over two hundred 

1H-MRS examinations. As demonstrated by these cases, there is a 

huge spectrum of 1H-MRS interpretation, study quality, and follow-up. 

Upon completion of data collection, analysis of metabolite profiles may 

help establish a better diagnostic approach to the great amount of 

information 1H-MRS provides. Furthermore, it appears from anecdotal 

information that improvements in technique during 1H-MRS data 

acquisition may increase the yield and interpretability of this imaging 

modality. 

Data collection for this project is ongoing. There have been many 

obstacles to the completion of this project to this point. This author has 

learned an exceptional amount about the process of obtaining IRB 

approval for research with human subjects. There were barriers at 

several levels encountered involving access to medical records. The 

process of chart reviewing was slowed by incomplete and disorganized 

charts. Additionally, access to medical records was complicated by 
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compartmentalization of records into separate databases. Further 

research would be hastened by a single access point to comprehensive 

electronic medical records for patients diagnosed with brain tumors. 
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