
ARAŞTIRMA YAZISI / RESEARCH ARTICLE

KRANİYAL LEZYONLARIN AYIRICI TANISINDA MAGNETİK REZONANS 
SPEKTROSKOPİNİN ÖNEMİ VE PATOLOJİ SONUÇLARI İLE KORELASYONU

THE IMPORTANCE OF MAGNETIC RESONANCE SPECTROSCOPY IN THE DIFFERENTIAL 
DIAGNOSIS OF CRANIAL LESIONS AND ITS CORRELATION WITH PATHOLOGY RESULTS

Serhat YILDIZHAN1, Adem ASLAN1, Mehmet Gazi BOYACI1, 
Çiğdem Özer GÖKASLAN2, Usame RAKİP1, Kamil Anıl KILINÇ1

1Afyonkarahisar Sağlık Bilimleri Üniversitesi Tıp Fakültesi, Beyin ve Sinir Cerrahisi Ana Bilim Dalı  
2Afyonkarahisar Sağlık Bilimleri Üniversitesi Tıp Fakültesi, Radyoloji Ana Bilim Dalı 

Yazışma Adresi / Correspondence: Dr. Öğr. Üyesi Serhat YILDIZHAN
Afyonkarahisar Sağlık Bilimleri Üniversitesi Tıp Fakültesi, Beyin ve Sinir  Cerrahisi Ana Bilim Dalı 
E-mail: serhatyildizhan07@gmail.com
Orcid No (Sırasıyla) : 0000-0001-9394-5828, 0000-0001-9432-5399, 0000-0001-7329-2102, 0000-0001-5345-1735, 
0000-0001-7494-0335, 0000-0001-7059-0550

ÖZET

AMAÇ: Kraniyal lezyonlarda tedavi algoritmasının belirlen-
mesinde operasyon öncesi tanı çok önemlidir. Bu çalışma ile 
preoperatif yapılan görüntüleme yöntemlerinden magnetik 
rezonans spektroskopi sonuçlarının patoloji sonuçları ile kar-
şılaştırılması ile tanı koymadaki etkinliğinin ortaya konulması 
amaçlanmıştır.

GEREÇ VE YÖNTEM: 2016 - 2019 yılları arasında kliniğimizde 
kranial yer kaplayıcı lezyon nedeniyle opere edilen 75 hasta 
içerisinden operasyon öncesi magnetik rezonans spektroskopi 
görüntülemesi yapılan 35 hasta çalışmaya alındı. Biyokimyasal 
metabolit olarak N-asetil aspartat, kreatin, kolin ve laktat değer-
leri hesaplandı ve bu değerlere göre konulan preoperatif tanılar 
postoperatif patoloji sonuçları ile karşılaştırılarak literatür eşli-
ğinde tartışıldı.

BULGULAR: Çalışmaya 20 erkek, 15 kadın toplam 35 hasta da-
hil edildi. Hastaların yaş aralığı 18 - 82 arasında idi. Magnetik 
rezonans spektroskopi sonucunda 29 hastada yüksek gradeli 
glial tümör tanısı kondu. Operasyon sonrası değerlendirme so-
nucunda 27 hastanın magnetik rezonans spektroskopi sonucu 
ile patoloji sonuçları uyumlu bulunurken 8 hastada farklılıklar 
görüldü. Yüksek gradeli glial tümörlerde kolin piki ve kolin/NAA 
oranında belirgin artma dikkat çekti.

SONUÇ: Kraniyal lezyonların ayırıcı tanısında yapılan magnetik 
rezonans spektroskopi ile elde edilen preoperatif değerlendir-
meler ile patolojik tanı arasında yüksek oranda korelasyon mev-
cutdur.

ANAHTAR KELİMELER: Tümör, Spektroskopi, Cerrahi, Patoloji

ABSTRACT

OBJECTIVE: Preoperative diagnosis is very important in deter-
mining the treatment algorithm in cranial lesions. The aim of 
this study is to compare the results of magnetic resonance spe-
ctroscopy, which is one of the preoperative imaging methods, 
with the results of pathology and to reveal its effectiveness in 
diagnosis.

MATERIAL AND METHODS: Thirty five patients who un-
derwent preoperative magnetic resonance spectroscopy ima-
ging among 75 patients who were operated for cranial lesions 
in our clinic between 2016 - 2019 were included in the study. 
N-acetyl aspartate, creatine, choline and lactate values were 
calculated as biochemical metabolites, and preoperative di-
agnoses made according to these values were compared with 
postoperative pathology results and discussed in the light of 
the literature.

RESULTS:  A total of 35 patients, 20 male and 15 female, were 
included in the study. The age range of the patients was betwe-
en 18 - 82. As a result of magnetic resonance spectroscopy, 29 
patients were diagnosed with high grade glial tumors. As a re-
sult of the postoperative evaluation, the magnetic resonance 
spectroscopy results of 27 patients were found to be compatib-
le with the pathology results, while differences were observed 
in 8 patients. A significant increase in choline peak and choline 
/ NAA ratio was noted in high-grade glial tumors.

CONCLUSIONS: There is a high correlation between the pre-
operative evaluations obtained by magnetic resonance spe-
ctroscopy which is used in the differential diagnosis of cranial 
lesions, and the pathological diagnosis.
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INTRODUCTION

The definition of cranial space-occupying le-
sions includes many different disease groups. 
Differential diagnosis of these diseases is very 
important. Especially the differentiation of tu-
mor-like lesions that can be confused with ne-
oplasms has very important results in terms of 
treatment and survival. The success of postope-
rative radiotherapy or chemotherapy directly 
affects the size of the excised tumor. Clarifying 
the preoperative diagnosis is of great importan-
ce in surgical planning.

Magnetic resonance imaging (MRI) is the first 
imaging method used in the differential diag-
nosis of cranial lesions. Magnetic resonance 
spectroscopy (MRS) has become available after 
the use of MRI (1). The basic principle of MRS is 
that it gives results through tissue biochemistry 
and metabolism. MRS was first used in the cli-
nic in 1960. It can be applied using single voxel 
or multivococcal imaging techniques (2). Cor-
rect placement of the voxel is important. Mul-
tiple regions can be evaluated simultaneously 
with multivoxel, larger volumes can be studied; 
however, the examination takes longer. In voxel 
selection, measurement should be made from 
the place where the pathology is most obvious. 
As the voxel value increases, the amount of tis-
sue and signal it contains also increases. 

The pathological tissue entering into the voxel 
should be increased as much as possible and 
the normal brain tissue surrounding the lesion 
should be less (3).

In this study, it was aimed to demonstrate the 
specificity and diagnostic success of MRS used 
in imaging cranial lesions by comparing the di-
agnoses obtained by evaluating the peaks of 
metabolites in the proton MRI spectrum obta-
ined from abnormal brain tissues and the pat-
hology results obtained after the operation.
 
MATERIAL AND METHOD

Among the 75 patients diagnosed with cranial 
lesions in our clinic between 2016 and 2019, 35 
patients who had preoperative MRS imaging 
were included in the study. Patients who were 
diagnosed for the first time, who had not un-

dergone previous surgery, who did not receive 
radiotherapy or chemotherapy and who had a 
single cranial lesion above the age of 18 were 
included in the study and patients who did not 
meet these criteria and those who had another 
known organ mass that could have metastasis 
were excluded. Contrast enhanced MRI and 
MRS were performed in all patients before the 
operation. A Philips brand (Philips Achieva, Phi-
lips Medical System) device was used for this 
shooting. Multivoxel proton spectra were obta-
ined by MRS using 1.5 Tesla MRI.

Based on previous studies in MRS, it was deci-
ded to study N-Acetyl aspartate (NAA), creatini-
ne, choline and lactate metabolites. 

Peak intensities and areas on normal and pat-
hological brain tissues were measured on the 
obtained spectra. NAA, creatinine, choline and 
lactate values obtained from pathological regi-
ons were compared with NAA, creatinine, cho-
line and lactate values obtained from normal 
brain parenchyma and their ratios were deter-
mined. In the light of these rates, the diagno-
ses reported in the postoperative pathology 
reports were compared.

Ethical Committee 

This study was conducted after the approval of 
Afyonkarahisar Health Sciences University Ethi-
cs Committee (05.06.2020, 2020/243).

RESULTS

Of the 35 cases evaluated in the study, 20 cases 
were male and 15 cases were female. The age 
range of the cases was 18 - 82 (mean: 56.12). 
The lesion was on the right in 19 patients. As 
a result of MRS measurements, 25 cases were 
diagnosed with high-grade glial tumor, 5 cases 
with low-grade glial tumor, 2 cases with oligo-
dendroglioma, 1 case with hematoma, 1 case 
with metastasis, and 1 case with lymphoma. 
Pathology diagnosis was made by open surgery 
or stereotaxic biopsy. According to the patho-
logy reports, 23 cases were diagnosed with hi-
gh-grade glial tumor, 3 cases with low-grade 
glial tumor, 3 cases with oligodendroglioma, 2 
cases with metastasis, 2 cases of hemorrhage, 1 
case of lymphoma and 1 case of granulomatous 
disease (Table 1).
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Table 1: General Characterıstıcs Of The Patıents 

In 22 of 25 cases diagnosed with high grade 
glial tumor after MRS, the pathology result was 
compatible with the diagnosis. Choline peak 
and NAA decrease were observed in all 22 cases 
(Figure 1).

Figure 1: 35 years old male patient.
a. Intraaxial lesion in the left frontal lobe at the level of the superior and 
middle frontal gyri. MRI axial section T2AG image.
b. MRI Coronal section T2AG image
c. Peak waves of metabolites measured after MRS.

The mean choline / NAA was found to be> 3. Ot-
her cases were reported as oligodendroglioma, 
granulomatous disease and lymphoma. The 
mean peak levels obtained from the lesion area 
were measured as NAA: 1.56, creatinine: 1.84 
and choline: 4.2. Choline / NAA: 2.68, choline / 
creatinine: 2.28 and creatinine / NAA: 1.17. Whi-
le a significant decrease was observed in NAA 
levels due to neuronal loss in these regions, a 
moderate decrease was observed in creatinine 
levels. The increase in choline values was me-

asured. Mean peak levels of these cases were 
found to be NAA: 4.26, choline: 2.42, creatinine: 
2.24, choline / NAA: 0.56, choline / creatinine: 
1.08, and creatinine / NAA: 0.52 in the analysis 
of normal-appearing brain parenchyma.

Choline: 2.24, creatinine: 0.62 and NAA: 0.31 
were measured in MRS in one patient. An ap-
proximately seven-fold increase in the choline 
/ NAA ratio was found, and the patient was re-
ported as a high grade glial tumor. Postopera-
tive pathology result was reported as granulo-
matous disease (Tuberculosis) (Figure 2).

Figure 2: 46-year-old female patient.
a. MRI axial section view of the lesion with vasogenic edema around the 
parietal lobe postcentral gyrus with heterogeneous irregular contrast 
enhancement
b. MRI Coronal section T2AG image
c. Peak waves of metabolites measured after MRS
d. Lesion image taken after MRP.

Although there was no choline peak in one 
patient, it was stated that there might be a 
low-grade glial tumor due to decreased NAA, 
lipid and lactate peak, and the pathology re-
sult of the patient was hematoma. During the 
follow-up, no lesion suggesting a tumor was 
observed in the control MRI. In another case, 
high-grade glial tumor was considered due to 
choline / NAA> 1.2, and the pathology result 
was reported as lymphoma. In the examination 
of MRS in 2 cases with pathology results, cho-
line peak was observed in 1 case and choline 
/ NAA and choline / Creatinine ratios were inc-
reased, while the choline / NAA ratio was low 
in the other case.When the postoperative pat-
hological diagnoses were compared with MRS, 
it was found that 77% (27 of 35 patients were 
compatible).

DISCUSSION

When faced with a cranial space-occupying 
lesion, the first thing to do is to make the pre-
operative diagnosis as accurately as possible 
in terms of treatment planning. Especially the 
differentiation of tumor-like lesions that can be 
confused with neoplasms has very important 
results in terms of treatment and survival. Pre-
operative comprehensive imaging is one of the 

 

 
          NO    AGE GENDER MRS RESULT PATHOLOGY RESULT 

 
1 75 M 

 
HIGH GRADE 

 
GBM WHO GRADE 4/4 

 
2 40 M 

 
CHO↑ NAA↓  CHO/CR ↑  CHO/NAA ↑  HIGH GRADE 

 
GBM WHO GRADE 4/4 

 
3 68 M 

 
CHO/NAA  >1.2 HIGH GRADE GBM WHO GRADE 4/4 

 
          4 74 F 

CHO↑NAA↓, NAA/CR <1.6, NAA/CHO<1.2                
OLİGODENDROGLİOM 

OLIGODENDROGLIOM 
GRADE 2 

 
5 62 F CHO/NAA >2.11 HIGH GRADE GBM WHO GRADE 4/4 
 

6 60 F 
 

CHO/NAA >3 HIGH GRADE 
 

GBM WHO GRADE 4/4 
 

7 56 F 
 

CHO/CR ↑ NAA/CR ↓  HIGH GRADE 
OLİGODENDROGLİOM 

GRADE 2/3 
 

8 35 M 
CHO: 3.43,CR:1.21,NAA:2,04, CHO/NAA:1.68 

HIGH GRADE 
 

GBM WHO GRADE 4/4 
 

9 18 F 
CHO/NAA: N, INOSITOL ↑, LAC ↑, CORTICAL DYSPLASIA 

CORTICAL DYSPLASIA 
 

10 82 M 
 

CHO/CR: 2-2.5 LIPIT ↑LAC ↑       HIGH GRADE 
 

GBM WHO GRADE 4/4 
 

11 73 M 
 

CHO ↑, CHO/NAA>1.  HIGH GRADE 
 

GBM WHO GRADE 4/4 
 

12 77 M 
 

CHO/NAA >1.5 LOW GRADE 
 

HEMATOMA 
 

13 46 F 
             
               CHO/NAA:7, CHO/CR:3.5  HIGH GRADE 

     GRANULOMATOUS 
DİSEASE TUBERCULOSIS 

 
14 33 F 

 
LIPIT↑ LAC ↑LOW GRADE 

        LOW GRADE. DIF. 
ASTROSİTOM GRADE 2/4 

 
15 55 M 

 
LOW GRADE 

 
GBM WHO GRADE 4/4 

 
16 18 M 

 
CHO/NAA >1.5 LOW GRADE 

 
LOW GRADE 

 
17 58 

 
M 

 
NAA ↓, CHO: N. LIPIT ↑,  LAC ↑, LOW GRADE 

 
HEMATOMA 

 
18 66 

 
F 

 
CHO/NAA >1.5 ,NAA ↓. HIGH GRADE 

 
GBM WHO GRADE 4/4 

 
19 53 M 

 
CHO/NAA :4.6 LYMPHOMA 

 
GBM WHO GRADE 4/4 

 
20 73 M 

 
CHO ↑. CHO/NAA>1.5 HIGH GRADE 

 
GBM WHO GRADE 4/4 

 
21 56 F 

 
CHO/NAA 16, CHO/CR >1.2 HIGH GRADE 

 
GBM WHO GRADE 4/4 

 
22 64 M 

 
CHO/CR 11, CHO/NAA 15 HIGH GRADE 

 
GBM WHO GRADE 4/4 

 
23 72 F 

 
CHO/NAA 1.2 ↑HIGH GRADE 

 
LYMPHOMA 

 
24 66 F 

 
CHO: ↑, CHO/NAA: ↑, CHO/CR  ↑. HIGH GRADE 

 
ADENOCARSINOMA 

 
25 26 M 

NAA/CR<1.6, NAA/CHO<1.2, CHO/CRE: 1.53 . LOW GRADE DIF ASTROSITOM GRADE 2/4 

 
26 24 M 

 
CHO ↑, NAA ↓, CHO/CR ↑, NAA/CR: ↓, HIGH GRADE 

 
GBM WHO GRADE 4/4 

 
27        31         M 

 
CHO/CR: 5.4, CHO/ NAA 5.56 HIGH GRADE 

     ASTROSITOM GRADE 2 

 
28 60 M 

 
CHO/CR: 6.5, CHO/ NAA 0.5 METASTASIS 

 
ADENOCARSINOMA 

 
29 68 F 

 
CHO/NAA>1.2. HIGH GRADE 

 
GBM WHO GRADE 4/4 

 
30 62 F 

 
CHO/CR: ↑, CHO/NAA: ↑.  HIGH GRADE 

 
GBM WHO GRADE 4/4 

 
31 67 M 

 
HIGH GRADE 

 
GBM WHO GRADE 4/4 

 
32 80 F 

 
CHO↑, NAA ↓, CHO/CR: ↑, CHO/NAA: ↑, HIGH GRADE 

 
GBM WHO GRADE 4/4 

 
33      75 

 
F 

 
CHO/NAA >1.2 HIGH GRADE 

 
GBM WHO GRADE 4/4 

 
34      40 

 
F 

CHO↑, NAA ↓, NAA/CR <1.6, NAA/CHO<1.2                 
OLİGODENDROGLİOM 

 
GBM WHO GRADE 4/4 

 
35 68 

 
F CHO/NAA: 2.11, HIGH GRADE GBM WHO GRADE 4/4 
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factors affecting diagnosis and success. Ima-
ging enables staging, formulating preoperative 
strategies, monitoring treatment response, and 
obtaining information critical to postoperative 
surveillance and prognosis (4). Therefore, ima-
ging methods form the basis of preoperative 
planning, postoperative evaluation, radiothe-
rapy planning and post-treatment surveillance 
(2).

MRI is the first imaging method used in the dif-
ferential diagnosis of cranial lesions. In recent 
years; Magnetic resonance perfusion (MRP) 
imaging, which provides information about 
tissue microcirculation, MRS, which provides 
information about tissue biochemistry and 
metabolism, and diffusion imaging of micros-
copic water movement have been developed 
(5). MRP imaging is much more successful and 
reliable in showing pseudoprogression (6). The 
combination of MRI and positron emission to-
mography (PET) is important both in the initial 
treatment planning and in treatment planning 
after recurrence (7). Increased cell density in 
malignant brain tumors leads to the restriction 
of water disivity and lower Apparent Diffusion 
Coefficient (ADC) signal values (8).

MRS is a non-invasive diagnostic method that 
monitors metabolic changes in brain tumors (9, 
10). Although a tumor-specific metabolite has 
not been identified to date, some markers have 
been identified for tumor characterization. The-
se are NAA showing neuronal integrity, choline, 
a cell membrane synthesis marker, creatinine, a 
bioenergy storage marker, and lactate, a produ-
ct of anaerobic glycolysis (11).

Although the incidence of central nervous sys-
tem tumors is between 10-17 per 100,000 on 
average, 9% of tumor-related deaths are caused 
by tumors of this system. Cerebral gliomas in 
this group constitute approximately 24% of pri-
mary brain tumors with a worldwide case inci-
dence rate. Meningiomas are the second most 
common intracranial tumors in the adult group, 
and these two groups constitute an important 
part of all cancer morbidity and mortality (12).

In brain tumors, generally decreased NAA, inc-
reased choline and again decreased creatinine 
signal are detected. Similar results were obtai-

ned in the study conducted by Esen et al. (13). 
In our study, the mean peak levels obtained 
from the tumoral region were NAA: 1.56, creati-
nine: 1.84 and choline: 4.2, choline / NAA: 2.68, 
choline / creatinine: 2.28 and creatinine / NAA: 
1.17. While a significant decrease was observed 
in NAA levels due to neuronal loss in these regi-
ons, a moderate decrease was observed in crea-
tinine levels. The increase in choline values was 
measured. The mean peak levels of these cases 
in the analysis performed from normal appea-
ring brain parenchyma were NAA: 4.26, choline: 
2.42, creatinine: 2.24, choline / NAA: 0.56, choli-
ne / creatinine: 1.08 and creatinine / NAA: 0.52.
The choline / NAA ratio may not always be 
increased in gliomas. This is because gliomas 
have different metabolic properties (14). In our 
study, 23 patients were reported as high-gra-
de glial tumors as a result of preoperative MRS, 
and decreased NAA, increased choline and dec-
reased creatinine levels were measured in all of 
these patients. Postoperative pathology reports 
showed that 2 patients had low grade astrocy-
toma, one patient had lung metastasis, and one 
patient had granulomatous disease. Although it 
was reported that there was no choline peak in 
one patient, the choline / NAA ratio was normal 
and the patient could have non-tumor patho-
logies in the preoperative MRS, the pathology 
result was a low-grade glial tumor.

The association of choline, whose value increa-
ses as a result of the increase in cellular memb-
rane synthesis, and a decrease due to neuron 
loss, is the distinguishing feature of actively 
growing malignant brain neoplasms (15). As 
the malignancy of gliomas increases, NAA and 
creatinine levels decrease, while choline, lipid 
and lactate peaks increase. In our study, 96% of 
the patients with high-grade tumors (Glioblas-
tome multiforme WHO (World Health Organiza-
tion) Grade 4/4) had high choline and decrea-
sed NAA, and choline / NAA ratios were found 
to be 4.53 on average.

It is not easy to differentiate calcified granuloma 
due to tuberculosis by imaging findings. Neuro-
cysticercosis, metastases, lymphoma, toxop-
lasma, glioblastoma multiforme and pyogenic 
abscess should be considered in the differential 
diagnosis. Tuberculomas include a hyperinten-
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se rim in MRI, a hypointense area in the center, 
perilesional vasogenic edema and annular stru-
ctures (16). In MRS, a decrease in NAA / creati-
nine, a slight decrease in NAA / choline, and an 
increase in lipid and lactate peaks are usually 
observed (17). In most recent studies, a single 
peak peak of 3.8 ppm is observed in the area 
representing lipids and glutamine in most tu-
berculomas, and this is absent in most malig-
nant tumors. This peak is a sign for distinguis-
hing lesions, but this peak is extremely difficult 
to measure (18). In one of our patients, choline 
/ NAA: 7.22 and choline / creatinine: 3.61 were 
found and the pathology result of the patient 
reported as a high-grade mass was granuloma-
tous disease, tuberculosis.

Lipid resonances become more pronounced 
in the presence of necrosis in cranial metasta-
tic lesions. However, since lipid resonance can 
be seen in high-grade glial tumors, it is difficult 
to distinguish between two tumor groups with 
this finding only by MRS. Other imaging met-
hods should also be used. In our study, choli-
ne peak was observed in MRS in 1 case, it was 
called high-grade glial tumor because choline 
/ NAA and choline / creatinine were increased, 
but it was interpreted as carcinoma metastasis 
in the pathology report.

Choline / Creatinine ratio is used in many stu-
dies to distinguish between low-grade glial 
tumor and high-grade glial tumors. However, 
since these findings are nonspecific and may 
change in other lesions of the central nervous 
system, their use alone in the differential diag-
nosis may give incorrect results (19).

This study was carried out to investigate the 
success of imaging methods for the diagnosis 
of cranial lesions. The low number of cases may 
cause negativity. Again, the interpretation of 
spectroscopy reports by different radiologists 
may cause negativity.

It should be kept in mind that MRS alone may 
not be used in the differential diagnosis of cra-
nial space-occupying lesions, and it is seen that 
highly accurate results can be obtained when it 
is used together with MRI and other advanced 
examination methods in the evaluation of brain 
tumors, differentiation and staging from other 
non-tumoral lesions. 
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