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Spectroscopy Analysis of Uterine Leiomyomas Before and                     
After Treatment with GnRH-a  
Şeyma HASCALIK1, Önder ÇELİK1, Kaya SARAÇ2, Alpay ALKAN2, Bülent MIZRAK3 
Malatya-Turkey 

MR spectroscopy uses the same hardware as magnetic resonance imaging but provides  information 
at the biochemical level. It has been used to measure proton-containing compounds, such as amino a-
cids, fatty acids, organic acids, sugars and other metabolic active compounds in tissue specimens. Be-
fore and after GnRH-a treatment we measured lipid, lactate, creatine and choline concentrations in two 
patients with uterine leiomyomas using single-voxel proton MR spectroscopy. Subcutaneous goserelin 
acetate injection was performed at least two times every 4 weeks before surgery. Spectroscopy was 
performed 3 weeks later last goserelin acetate injection. The MR spectroscopy results of leiomyomas 
before and after GnRH-a treatment were compared. Before GnRH-a treatment, spectral analysis of e-
ach patients showed only choline signals. After GnRH-a treatment, spectrum of both patients showed 
lipid peaks but the other signals were not observed. The presence of lipid signals and absence of other 
signals suggest a diffuse metabolic defect in association with GnRHa treatment, possibly consistent 
with decrease in myoflaments, and increase in apopitosis and necrosis.  
 (Gynecol Obstet Reprod Med 2005; 11:141-144) 
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In vivo proton magnetic resonance spectroscopy (MRS) 
addresses metabolic pathways in different tissues and it pro-
vides information about the contents of organic compounds 
in living tissues and lead to a better understanding of the 
biochemical pathways found within a lesion.1-3 Despite the 
increasing knowledge about various brain diseases on MR 
spectroscopy, the role of this modality in distinguishing dif-
ferent types of pelvic diseases has been limited because of 
the technique reasons. GnRH agonists (GnRH-a), which in-
duce medical castration, are now being used to treat uterine 
leiomyomas.4,5 Most uterine leiomyomas shrink as a result 
of administration of GnRH-a.4,5 Although only isolated re-
port of MR spectroscopy of uterine leiomyoma has been 
published6 the MR spectroscopy of uterine leiomyomas be-
fore and after GnRH-a treatment has not been studied. We 
herein report the findings of semiquantitative proton MR 
spectroscopic imaging of two patients with uterine leiomyo-
mas. The aim of this study to compare spectroscopy features 
of leiomyoma cells from the same uterine myoma nodule be-
fore and after GnRH-a treatment. To our knowledge, this is 
the first report to examine the levels of choline, creatine, li-
pid and lactate in uterine leiomyoma before and after GnRH-
a treatment.  

Cases 
Two patients with symptomatic uterine myoma included 

in this study. Their symptoms were abnormal uterine blee-
ding, pelvic pain and palpable abdominal mass. Each of 
them had undergone MRS immediately after gynecologic 
and ultrasonographic examination. The gynecologic exami-
nation of two patients revealed a bigger uterus than the nor-
mal size. Globally enlarged uterus (approximately 18 cm x 
18 cm) was seen at transvaginal ultrasonography (TV-US) of 
patient 1. The gynecologic examination of the other patient 
showed a bigger and irregular uterus than the normal size 
and shape. TV-US revealed multiple leiomyomas that one 
placed in the cervix and remaining leiomyomas located in 
the corpus and fundus uterus. The diameter of the uterine 
fibroids ranged from 3 to 8 cm Goserelin acetate (Zoladex; 
Astra Zeneca PLC-UK) was administered at subcutaneously 
every 4 weeks, for a period of 8 weeks. The MRS was per-
formed 3 weeks later the last goserelin acetate injection. Af-
ter MRS each of the patients has undergone total abdominal 
hysterectomy. The metabolites level of uterine leiomyoma 
cells were calculated by spectroscopy. MRS (Philips, Best, 
The Netherlands) was performed by the point resolved spec-
troscopy technique with a long TE (TR= 1500 msec, TE= 
136 msec). The voxel volume size was 2x2x2 cm3 The regi-
on of interest for MRS measurement was placed at the centre 
of the uterine leiomyomas to avoid a contamination signal 
from peripheral tissues. Metabolite peak areas were calcula-
ted using a simplex routine, assuming gaussian line shapes. 
The semiquantified evaluation of creatine, choline, lactate 
and lipid were conducted by the specialist of radiology and 
MRS. The metabolites level were classified into three clas-
ses, in comparison with the noise level by visual estimation: 
that is, twofold higher than the average noise level (++), hig-
her than the average noise level but lower than a twofold 
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higher noise level (+), and the same as the average noise le-
vel (-). The classification of metabolite concentrations in this 
study were performed according to the technique described 
by Okada et al.3 Table 1 describes the semiquantitative eva-
luation of the metabolite peak areas in two cases. Before 
GnRH-a treatment, spectral analysis of each patients showed 
only choline signals (Figure 1a and 2a). After GnRH-a treat-
ment, spectral analysis of both patients showed lipid peaks 
(Figure 1b and 2b) but the other signals were not observed  

Table 1. Semi-quantitative evaluation of the metabolite levels in 
uterine leiomyomas before and after GnRH-a treatment.  
Patients Age Metabolites Before GnRH-a After GnRH-a 

Choline ++ - 
Creatine - - 
Lactate - - 

1 26 

Lipid - ++ 
Choline ++ - 
Creatine - - 
Lactate - - 

2 30 

Lipid - ++ 

 
Figure 1a. Proton MR spectroscopy in case of uterine leiomyoma 
before GnRH-a treatment (TR= 1500 msec, TE= 136 msec). The 
high Cho peak was detected. 

 
Figure 1b. Proton MR spectroscopy in case of uterine leiomyoma 
after GnRH-a treatment (TR= 1500 msec, TE= 136 msec). The 
high lipid signal was detected, but the signals of Cho, Cr and 
lactate were not observed. 

 
Figure 2a. Proton MR spectroscopy in case of uterine leiomyoma 
before GnRH-a treatment (TR= 1500 msec, TE= 136 msec). The 
high choline peak was detected. 

 
Figure 2b. Proton MR spectroscopy after GnRH-a treatment (TR= 
1500 msec, TE= 136 msec). The only high lipid signal was 
detected. 

Conclusion 
MR imaging has proved to have a greater potential in 

showing the size, number, and location of leiomyomas and 
the presence of the degeneration.7 Also, it can be used to do-
cument the regression of leiomyomas after treatment with 
GnRH-a.7,8 MRS is a procedure in which nuclear MR signals 
are obtained from nuclei other than water. It uses the same 
hardware as MR imagine but provides information at the bi-
ochemical level. The spectrum allows absolute quantificati-
on of metabolite concentration and provides structural infor-
mation regarding various molecular species.9 NAA, Cho, Cr, 
lactate and lipid were found as an important metabolites in 
the spectra. NAA is generally recognized as a marker of 
functional neurons and their appendages.10 
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Choline is a cell membrane and myelin marker and it 
plays an important role in the structure and biochemical acti-
vity of cell membranes.11-13 An increase in choline signal 
represents increased membrane synthesis and cell turnover 
rates. A recent study Okada et al.3 demonstrated creatine, 
choline and lactate signals in the spectral analysis of three 
patients with uterine leiomyomas. However, none of them 
showed lipid signals. In the present study, spectroscopy 
analysis of two patients before GnRH-a treatment displayed 
only choline signals. Since choline is thought to be a cell 
membrane marker, the increased choline signals may be the 
result of alteration in membrane metabolism of leiomyoma 
cells. Another possible explanation may be that, its elevation 
could reflect increased membrane turnover or changes in 
cellular density or composition of leiomyoma cells.  

Lactate signal demonstrates a mismatch between gly-
colysis and oxygen supply.14,15 An increase in lactate signal 
suggests a dependence on the anaerobic metabolism. Cr is 
considered to be an indicator of brain energy metabolism.16 
Spectral analysis of two patients before and after GnRH-a 
treatment did not show creatine and lactate signals. 

MR visible lipids in normal tissues are bound to macro-
molecules in membranes. Therefore, lipids are physiologi-
cally not detectable in the spectrum of healthy human. Due 
to some pathologic disruption of such structures, increased 
lipid turnover leads to more mobile lipids, yielding lipid pe-
aks at 0.9 and 1.3 ppm.17 Rapid cellular turnover in malig-
nant tissue usually leads to a considerable amount of cellular 
death, resulting in areas of necrosis which appears in MRS 
as a lipid signal.17 In tumors of the brain and uterine cervix, 
an elevated lipid peak, as demonstrated by MRS, is thought 
to be a possible indicator of malignancy.2,18 Interestingly, 
spectroscopy obtained from two patients after GnRH-a treat-
ment showed only lipid signals at 1.3 ppm, but the other sig-
nals were not observed in the spectrum. This findings may 
be the result of GnRH-a treatment. Ito et al.19 showed that 
cellular atrophy due to a decrease in myofilaments plays a 
major role in the myoma shrinkage resulting from GnRH-a 
treatment. Because hypoestrogenic environment due to 
GnRH-a may lead to a subsequent decrease in the amount of 
blood supply to the leiomyoma cells.20 Kalir et al.21 reported 
that myomas from patients treated with GnRH-a demonstra-
ted more hyalinization, and larger collagen fibrils than those 
of age-matched control patients. In addition to above menti-
oned studies, several investigations have shown more necro-
sis and apoptosis in uterine leiomyoma tissue as a result of 
GnRH-a treatment.22,23 A recent study has shown that the a-
mount of lipids detected by MRS correlates well with the 
degree of necrosis17 seen on histology. Elevated levels of li-
pid reflect lipid release from phospholipids membrane as a 
result of the break up of cell membranes. For that reason, the 
presence of lipid signal after GnRH-a treatment may be the 
result of necrosis or pathologic disruption of leiomyoma cell 
structures. 

In both cases reported herein, proton MR spectroscopic i-
maging showed intense lipid signals. The current study indi-
cates that a diffuse, probably global, metabolic abnormality 
occurs in associated with GnRH-a treatment. The most pro-
nounced change was an increase in lipid signal after GnRH-
a treatment. A rise in lipid can have multiple causes, inclu-
ding increased apoptosis and necrosis, decreased blood 
supply and myofilaments density and more hyalinization. 
However, this explanation must be regarded as speculative 
because histopathologic studies of leiomyomas after GnRHa 
treatment are scarce and no evidence of degeneration and 
necrosis were found in lesions of two patients. Future studies 
of larger numbers of patients using other techniques are re-
quired to confirm or refute our findings. Finally, in vivo pro-
ton MRS may be helpful better understanding of the metabo-
lic and ultrastructural changes induced in uterine leiomyo-
mas by GnRH-a. 
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