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Localized in Vivo Proton Spectroscopy of Renal Cell Carcinoma

in Human Kidney

In order to obtain proton magnetic resonance spectra from the renal tumor in
human kidney we performed localized magnetic resonance spectroscopy using
a saddle-type flexible surface coil. Five patients biopsy-proven as renal cell
carcinoma at different stages were put in supineflateral position to minimize
motion artifacts while acquiring the spectrum. Water-suppressed 'H spectra
were obtained with localized stimulated echo acquisition mode (STEAM) (20/
13.7/2200; TE/TM/TR) and point resolved spectroscopy (PRESS) (288/2200;
TE/TR) sequences. The principal resonances in the tumor STEAM spectrum
were sorbitol (3.85 ppm), trimethylamines (TMA) (3.25 ppm), two unidentified
signals (2.8 and 2.2 ppm), and lipid (0.9-1.8 ppm). In the PRESS spectrum using
a long echo time (288 ms), two well localized signals, TMA at 3.25 ppm and
lactate at 1.35 ppm were observed from a patient with a tumor at advanced
stage. Interestingly only TMA at 3.25 ppm was observed from the patient with
a low grade tumor. The spectral patterns of the tumor patients were differrent
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from those of normal kidney.
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INTRODUCTION

A series of MRS research using animal models (1-4)
revealed a number of osmotically active organic solutes,
“osmolytes” found in the kidney. These ate the polyols
sotbitol, inositol, the ttimethylamines (TMAs), glycero-
phosphotylcholine (GPC) and betaine. Two methyla-
mines, GPC and betaine, have been identified in the rat
renal medulla (1). Mote recent wotk using in vitro spec-
troscopy assigned two additional metabolites including
lactate and myo-inositol from bovine kidney extracts (3).
However in the in vivo spectra of normal human kidney
all these resonances were not observed except TMA
signal. The short T2 and T2* relaxation times of me-
tabolites in tissues other than brain, and artifacts result-
ing from respiratoty and cardiac motion have limited
the information obtained from in vivo studies. In spite
of efforts to avoid these difficuldes including respiratory
gating, the spectral resolution obtained was not enough
to assign metabolic resonances clearly (3). Designing a
sutface coil for signal reception and optimized timing
parameters of STEAM or PRESS experiments seem to
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be crucial for detecting the metabolic signals of human
kidney with spectral sensitivity and resolution. In vivo
spectroscopy in human kidney has endeavored to show
variations in the levels of these TMA resulting from
dehydration and acute volume loading (5, 6). In addi-
tion, in vivo spectroscopy have so far been performed
only on normal human kidney (5,7) or transplanted
kidney with normal function (7). Localized phosphotrous
MRS successfully disctiminate tenal failure from cyclo-
spotine nephrotoxicity after kidney transplantation (8). It
is known that increased levels of sorbitol have been
observed in tenal failure and diabetes (9). Therefore it is
interesting to investigate any metabolic marker for renal
disease using localized in vivo proton spectroscopy. We
present here a preliminary account of in vivo ptoton
spectroscopy of tenal cell catcinoma in human kidney.

METHOD

Localized proton magnetic resonance specttoscopy was
petformed on five patients with renal mass awaiting
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nephrectomy and two healthy volunteets. Biopsy proved
these masses as renal cell carcinomas. The pathologic
stages of the patients wete as follows: patient 1 was
T4ANOMI1 (T4: tumor invades beyond Gerota’s fascia.
NO: no regional lymph node metastasis. M1: distant me-
tastasis), patient 2 was T2NOMO (T2: tumor mote than
2.5 cm limited to the kideny. NO: no regional lymph
node metastasis. MO: no distant metastasis), patient 3
was T3N2MO (T3: tumot extends into majotr veins or
invades adrenal gland or petinephtic tissues but not
beyond Gerota’s fascia. N2: metastasis in a single lymph
node, greater than 2 cm but no more than 5cm or
multiple nodes none greater than 5 cm. MO: no distant
metastasis), patient 4 was TINOMO (T1: tumor 2.5 cm
ot less limited to the kidney. NO: no regional lymph
node metastasis. MO: no distant metastasis), and patient
5 TINOMO. All tumors showed clear cell-type and in
patient 1, solid mass included multiple, central necrotic
areas, while soft friable tissue was found in patient 2.
There was a sphetical shaped, partially cystic mass with
soft friable tissue in patient 3 and an oval shaped, well
demarcated tumor measuring 2 X 1.5 cm, 2.3 X2.2 cm in
patient 4 and patent 5.

Patients and volunteers were placed in supine/lateral
position to minimize respiratory motion artifacts. All
studies wete petformed using a 1.5 Tesla Signa clinical
imager using a flexible surface coil (General Electric Med-
ical System, Milwaukee, USA) to receive and body coil
to transmit. The Signa general purpose (GP) flex coil
design is a linear, receive-only flexible coil, which consists
of two 13 cm X 17 cm loops that are setially connected
to a corotating “saddle coil” pair, configured to form a
Figure 8 coil circuit. This saddle design provides excep-
tional uniformity across the sensitive volume of the coil
and a minimum of bright spot.

The sutface coil was tightly secured over the postetior
abdominal wall of patients in supine/lateral position to
cover the kidney under investigation. Localizer images
were obtained on coronal and axial planes with Fast
Spoiled Gradient Recalled Echo sequence (Flip angle/TE/
TR; 80/14/85) with breath hold. A volume of interest
(VOD) (8 cms) was chosen graphically from the axial lo-
calizer and the offset parameters transferred automatically
to the STEAM localization sequence for shimming and
spectral acquisition. Water supptession was achieved by
preceding chemical-shift selective (CHESS) three orthogo-
nal radiofrequency pulses. Shimming of selected voxel
was petformed untl the water line width was obtained
at 6 to 9 hz. Proton spectroscopy was petformed with
localized STEAM (TE/TM/TR; 20/13.7/2200) and PRESS
(TE/TR; 288/2200) sequences. Each spectral acquisition
consisted of 2048 complex data points in the time do-
main with a spectral width of 2,500 hz. Postacquisition
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processing of the data was restricted to zerofilling to 4
K, mild exponential filtering with line broadening of 1
to 1.5 hz, and phase cotrection. No further smoothing,
resolution enhancement or base line correction was

applied.

RESULTS

STEAM spectra from the tenal catcinomas of two
patients are shown in Fig. 1. Although two patients had
the same type of tumor they had different tissue mot-
phology and tumor stage. Lipid signal at 1.5-0.5 ppm
and the TMA tesonance at 3.2 ppm were observed in
both spectra. In the specttum of patient 2 a significant
amount of sotbitol was detected cleatly at 3.85 ppm,
while a mote broad peak shape was obsetved in the
specttum of advanced tumor patient 1 with solid tissue.
In vivo detection of sotbitol resonance has not been
reported in human kidney so far. Inositol, observed in
bovine kidney, was not detected at 3.6 ppm, whereas it
was ptesent with small intensity in the normal kidney
specttum (Fig. 2a). Lipid signal was dominant in the
specttum of patient 1, but it was compatable with other
metabolic signals in the specttum of patient 2. Amino
acids resonance around 2.2 ppm was higher than TMA
resonance in patient 1, but it was reversed in patient 2.
An unidentified signal around 2.8 ppm in the spectrum
of patient 1 was not observed in the spectra of patient
2 and normal volunteets.

PRESS spectra using long echo time demonstrated
spectral difference even mote clearly between five renal
cell carcinoma patients as shown in Fig. 1b, Fig. 1b’ and
Fig. 3. Dominant lipid signals wete supptessed ot te-
moved in the PRESS spectra, which tevealed the presence
of lactate signal at 1.35 ppm. Lactate signal, ambiguous
due to ovetlapping with lipid, was cleatly resolved in the
specttum of patient 1 (grade III) and patient 3 (grade II)
with tumors of relatively advanced stage while it was not
observed in the spectra of patients 2, 4, 5 with low stage
(Table 1). TMA resonance was detected cleatly at 3.2
ppm in the spectra of patients 1, 2, 3, while not observed
in the spectra of patients 4, 5 (Fig. 3).

Table 1. Characteristics of the patients

Grade  Pathologic

Patient Age/Sex  Cell type (Fuhrman) stage

1.Ha SD 61/M clear cell  grade Il T4NIM1
2.Kang SJ 31/F clear cell  grade | T2NOMO
3.Bae CS 67/M clear cell  grade Il T3N2MO
4. Park KY 36/M clear cell  grade | T1INOMO
5. Park MS 62/M clear cell  grade Il T1INOMO
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A A’

Lipid Lipid
TMA
Amino acid
Sorbitol
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4 3 2 1 0 4 3 2 1 0

STEAM spectrum STEAM spectrum
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Lactat TMA
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4 3 2 1 4 3 2 1 0

PRESS spectrum PRESS spectrum

Fig. 1. Water-suppressed STEAM spectrum (A), PRESS spectrum (B), and axial SPGR image and spectroscopy voxel (C) selected
from patient 1 with renal cell carcinoma of grade lll, and corresponding STEAM (A'), PRESS (B)), and localizer image and voxel
(C) of patient 2 with renal cell carcinoma of grade I.
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B Lipid

PRESS spectrum

Fig. 2. Water-suppressed STEAM spectrum (A) and PRESS spectrum (B) of normal kidney.
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C
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Fig. 3. PRESS spectra of Patient 3 (A), Patient 4 (B), Patient
5(C), in which TMA resonance at 3.2 ppm was varied over
the patients. In Patient 3 (grade Il) lactate was observed at 1.3
ppm, and TMA was detected at 3.2 ppm.

DISCUSSION

Vatiation of “osmolytes” on hydration condition of
kidney has been well studied using animal models and
human kidney (1-6). But in vivo detection of metabolic
variation in pathologic kidney have not been repotted.
STEAM spectra (TE/TM; 20/13.7) of tenal carcinoma dif-
fer greatly in metabolic signals and resolution from the
notmal kidney spectra (TE/TR; 10/30) by previous au-
thors whete only TMA or lipid signal was tesolved.
STEAM spectra using very shott echo time (10 ms) show-
ed broad background resonance and prominent lipid
signal. Using a longer echo time, such as 20 ms, pro-
duced much better spectral resolution compared with
previous kidney spectra. Detecting sotbitol particulatly in
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high grade tumor patient is noteworthy in the sense that
the high levels are thought to be associated with ab-
normal renal function. This observation seems to be the
first report of detection of sotbitol in vivo in pathologic
kidney as far as we know. Although sotbitol has been
observed in the kidney of renal failure ot diabetes, in vivo
spectroscopy  detection has not been reported. The
STEAM experiments (TE/TM; 30/13.1) of diabetic kid-
ney with different stages did not obtain the sorbitol
signal (unpublished results in our laboratoty). But sorbi-
tol was not obsetved in STEAM spectra of other patients.

A long echo time in PRESS experiment is used to
eliminate signal contamination from lipid of short T2
relaxation time. PRESS spectra with a TE of 288 ms
revealed a lactate signal at 1.3 ppm in the spectra of
patient 1 and patient 3 which was ambiguous due to
ovetlapping with lipid in the STEAM spectrum. This
lactate was not observed in the spectra of patients with
relatively lower grade. Presence of lactate in patient 1
and patient 3 was well correlated with histologic findings
of multiple nectotic areas in tissue morphology. Howevet,
in patient 2, although the tumor was graded as II, lactate
was not obsetved. This may reflect differential morpho-
logical states of tumor. In the case of patient 5 it ap-
peated that lactate was ovetlapped with lipid signals.
Observation of lactate and choline-containing signal from
the tumor tissue is parallel with the proton spectrum of
brain tumot ot breast tumot. Presence ot elevation of
choline signal in tumor tissue is a mote general finding
as teported in vatious neoplastic tissues in previous
works. It is not clear whether apparent doublet signals
in the PRESS spectrum of patient 1 are due to intrinsic
J-coupling or motional artifacts. In our measurerments we
found that respiratoty gating was not critical for path-
ologic kidney; the resolution of our spectra is comparable
ot better than those of published spectra. (5) One pub-
lished specttum of normal human kidney using respi-
ratoty gating showed broad background in the region of
osmolytes resonance. These presumably come from the
contribution of macromolecules since they used a very
short echo time such as 10 ms in STEAM expetiments.
In this study using a TE of 20 ms, such background was
not observed. Some lipid resonance with relatively long
T2 were consistently observed in the long echo time
PRESS spectra (Fig. 2b) or STEAM spectra (7) of normal
kidney and renal cell carcinoma. But these resonances
wete absent in the PRESS spectra of two patients (P1 and
P2) with trenal cell carcinoma. TMA tresonance was vatied
ovet the patients. It was strong in the PRESS spectra
of patient 1,2 while it was telatively small compared
with lipid tesonance in patient 3. However, it was absent
in the spectra of patients 4, 5, which indicated no cot-
relation with tumor staging. Presently it is not clear
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whether detecting TMA depends on the hydration
condition of patient’s renal parenchyma ot othet pathol-
ogy. Futther study is necessaty to ellucidiate its signifi-
cance for in vivo diagnosing the tumor pathology of renal
cell catcinoma.

CONCLUSION

Lactic acid and sotbitol were detected only in advanced
renal cell carcinoma using long echo-time PRESS tech-
nique and short echo-time STEAM technique, respec-
tively. The metabolic vatiation observed among renal cell
catcinoma and normal kidney demonstrates a potential
for proton spectroscopy for tumot staging and moni-
toting of renal failure.
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