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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 proton magnetic resonance 
spectroscopy (1H-MRS). The effectiveness of 1H-
MRS to perform this task in the clinical setting is 
unknown. 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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METHODS ABSTRACT DISCUSSION 
Data collection for this project is ongoing. There 
have been many obstacles to the completion of this 
project. The process of getting expedited IRB 
approval took an inordinate amount of time.    
Another barrier involved access to medical records. 
The process of chart reviewing was slowed by 
incomplete and disorganized charts. Likewise, 
unbeknownst to the researchers, IRB approval of 
access to patient charts at St. Joseph’s Hospital 
and Medical Center do not include patient records 
from physician outpatient locations, including 
complete records of radio- and chemotherapy. 
Addendums to the original IRB application were 
necessary before access was granted to these 
records. Additionally, upon receiving approval for 
access to these records, we were notified that the 
electronic system to access these systems is over 
burdened by requests as a records transition is 
being undertaken. Our lab has been notified that 
this record system will only be available during off 
hours, if access is granted at, until the transition is 
complete in February 2012. Furthermore, MRI and 
1H-MRS data was contingent on access to The 
Dominator system. Reading stations to access this 
information are used by neuroradiologists during 
normal business hours, limiting researcher access 
to late in the evening and on weekends.   

RESULTS 
Results are presented as a representative example 
of information available for using 1H-MRS for 
differentiating recurrent glioma from PTRE, 
including radiation necrosis. Data from 95 patients 
are still in assessment stage. 

CONCLUSION 
The information presented here is a representation 
of the data that will be used for analysis and 
interpretation in the final study. As demonstrated 
here, there is a huge spectrum of interpretation, 
study quality, follow-up, and pathological 
interpretation. 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 

INTRODUCTION 
A large number of people are diagnosed with brain 
tumors each year1. 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 
tumor2,3. 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 hope 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 history and pre and post MRI 
imaging changes in the MRS exam region. 

Ninety-five patients with malignant gliomas who 
have undergone resection and radiation treatment 
will be included in the study. All imaging for each 
patient will be obtained from the PACS at St. 
Joseph’s Hospital and Medical Center (SJHMC). A 
digital copy of 1H-MRS images will be saved to 
laboratory work stations and peak heights of Cho, 
Cr, NAA, Lip and Lac will be measured manually 
using ImageJ. Peak heights measurements will be 
evaluated for reproducibility. Peak heights will be 
used to calculate ratios between metabolites from 
the same voxel. Signal progression will be evaluated 
by follow up imaging of all types. Pathology 
information will be obtained from neuropathology 
records at SJHMC. 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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Biological significance and role in pathology 

NAA 2.0 Found in neurons; decreased with neuronal death or replacement by malignant cells 
Cho 3.2 Associated with cell membranes; high levels expected under rapid growth conditions and during cell death 

Cr 3.0 From metabolites creatine and phosphocreatine; often used as a standard to measure other biochemical 
levels against because of its stability 

Lipids 1.33 This biochemical marker is associated with necrosis, or contamination by scalp 

Lactate 0.9-1.3 Lactate is produced when oxygen delivery to a cell is inadequate for the cells energy demand, such as a 
rapidly growing tumor or necrotic areas 

Radiology Report 4/29/09 
Impression: MRI spectroscopy findings consistent with relatively 
high-grade tumor in the inferior right frontal lobe. 

 

Examples of spectroscopy from areas of normal brain, tumor and necrosis.  

The images above show three different voxels from 
different areas of a patient with a history of 
recurrent anaplastic ependymoma. This was 
reported as recurrent tumor, likely based on the 
increase of Cho from the middle image to the 
bottom image. The top imaged does not provide 
any usable information. This could be from poor 
placement of the voxel or incorrect settings for of 
the scan. The images below show follow-up of the 
same patient over the following 9 months. These 
demonstrate recession and stabilization of the 
previously contrast enhancing area in the right 
frontal lobe.  
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