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Localized phosphorus-31 magnetic resonance spectroscopy of liver by DRESS
(depth resolved surface coil spectroscopy) technique! was performed on fifty
patients (twenty-eight malignant hepatic neoplasms (seventeen hepatocellular
carcinomas, four cholangiocarcinomas and seven metastases from a variety of
primary tumors), eighteen liver cirrhosis, four hemangiomas) and eleven healthy
volunteers. The tumors selected for this study were larger than ¢ 8cm to minimize
contamination from surrounding non-tumor tissues.

A marked increase in peak area ratio of PME/B-ATP and PME/PDE in
malignant tumors compared with controls, which is consistent in previous
reports?=® and a decrease in PDE/B-ATP in liver cirrhosis were observed.
Hemangiomas were disposed to show high Pi peaks. In metabolite quantification
and identification, *'P MRS may contribute greatly to our understanding of the
metabolic changes that occur in human liver disease. Combined use of PME/B-ATP
and PDE/B-ATP ratios, eventually PME/PDE ratios may prove to be a good non-
invasive marker in differentiating hepatic disease.

INTRODUCTION

Phosphorus-31 magnetic resonance
spectroscopy (*!P MRS) allows non-invasive
determination of phosphate-containing com-
pounds % vivo and subsequent characteriza-
tion of the energy state of organs. *’P MRS
has proved to be a useful method for studying

hepatic metabolism in perfused organs and in
the living subjects”~2%. In order to determine
the clinical feasibility and applicability of *'P
MRS and to assess its potential for character-
ization of human hepatic tissue, *'P MR
spectroscopy of liver was performed on
patients suffered from a variety of hepatic
disease and healthy volunteers.

The aim of this study is to assess whether
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1P MRS contributes to differentiating he-
patic disease.

METHODS

Combined MRI/*'P MRS examinations
were performed on a G. E. SIGNA 15T
superconducting system equipped with
spectroscopy accessory. We employed a 3-
inches circular surface coil, which acted both
as radiofrequency transmitter and receiver.
The coil was placed under the prone subject
so as to cover the lesions best and to suppress
respiratory motion of abdominal wall. The
imaging studies were performed in all
patients to determine the depth of interest
and to reduce contamination from surround-
ing tissues. The homogeneity of the field was
adjusted in all cases by shimming on the
proton resonance from tissue water to the
goal below 20Hz at half maximum height.
Phosphorus-31 spectra were obtained from a
25mm slice thickness using the depth resolved
surfacecoil spectroscopy (DRESS) technique?.
The center frequency we used was 25.85MHz.
for phosphorus. repetition time was 2s, dwell
period and sampling time was 1.5ms and
number of excitation was 256. The *'P MRS
data were processed with base line correc-
tion, exponential filtering (15Hz), zero fill-
ing, Fourier transformation and manual
phase correction. A broad signal underlying
the. PDE region was removed by convolution
difference before each spectrum was plotted.
The peak areas were measured by pure
Gaussian curve fitting. All of these steps were
performed on a spectroscopy data station
Nicolet 1280 computer (G.E. NMR Instru-

ments, Fremont, Calf.). The relative amounts
of PME (Phosphomonoesters), Pi (inorganic
phosphate), PDE (Phosphodiesterters) and
B-ATP (Adenosinetriphosphate) were
quantified by measuring the ratios of the
peak areas. Statistical difference between
means were calculated by the Student’s t-test
for unpaired data. Localized *'P MRS was
measured in 17 hepatocellular carcinoma, 4
cholangiocarcinoma, 7 metastatic liver
tumor, 18 liver cirrhosis and 4 hemangioma
patients. And 11 volunteer subjects with no
known history of liver disease were
examined. The tumors selected for this study
were superficial and larger than 8cm in diam-
eter to minimize contamination from sur-
rounding non-tumor tissues. All subjects fast-
ed for 6 hours before examination. For diet
can greatly affect the inorganic phosphate
peak”.

FEach subject gave informed consent to the
investigation beforehand.

RESULTS

The typical six resonance peaks (PME, Pi,
PDE, «-ATP, y-ATP and S-ATP) were
detected from the liver in all cases (Fig.1).
Although we were hampered somewhat by
muscle contamination, significant trends can
be appreciated. The relative amounts were
calculated as the ratios of the peak ares. The
mean metabolite ratios and standard devia-
tion in control and each of the groups are
shown in Table 1. The PME peak in the P
MRS was significantly higher in many of the
patients with malignant hepatic neoplasms
than in controls. Among malignant tumors,

Recived January 11, 1993 ; revised Jun 17, 1993

420



3P MRS to Hepatic Disease

o -ATP

8 -ATP ¥ -ATP
PDE
a -ATP
+ -ATE
5 -ate
PME PME
I Pi
ASS \/
T o o T T T T T "
10 5 0 =5 =10 -i3 —-20 P°M 10 0 -10 —-20 PPM
PME
a -ATP
¥ -ATP B ~ATP
PDE
PME
Pi
T T T T T T 1 i
10 S 0 -5 -10 =13 -20 PPM —-20 PPM

Fig.1. P-31 MR spectra from normal human liver (a), hemangioma (b), liver cirrhosis (c), hepatocel-
lular carcinoma (d) demonstrated the typical six renonance peaks. Although there were some Pcr
resonance from muscle contamination, significant trend can be appreciated. Note the significant
elevation in PME peak observed in malignant hepatic tumor (d), whereas the spectrum of heman-
gioma (b) appeared normal. The characteristic of cirrhotic liver (c) is the decrease in PDE height
compared with normal control, wihtout much elevation of PME.

Table 1. 3P MRS quantitative data human liver
N  PME/ g-ATP PDE/ p-ATP PME/PDE

Normal 11 0.454+0.186* 1.4484+0.340 0.327+0.141
Benign 4 0.435+0.193 1.948+0.269 0.240+0.101
Cirrhosis 18 0.623+0.140 0.934+0.281 0.7284+0.261
Malignant 28 1.326+0.611 1.160+0.486 1.22340.593
HCC 17 1.326 +0.563 1.207+0.563 1.265+0.625
CcC 4 1.415+0.594 0.738+0.189 1.558+0.482
Meta 7 1.276 £0.718 1.289+0.187 0.954+0.429
*Mean=+SD

HCC : Hepatocellular carcinoma
CC : Cholangiocarcinoma
Meta : Metastatic tumor
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Fig.2. Statistical difference between each hepatic disease were calculated by the Student’s t-test for
unpaired data. The combined use of PME/B-ATP and PDE/A-ATP, in substitution PME/PDE ratio
may prove to be a non-invasive characteristic index to differentiate hepatic disease.
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though cholangiocarcinoma (CC) trend to
show lower PDE/A-ATP ratio than he-
patocellular carcinoma (HCC) and metas-
tatic tumor (Meta), the tumorous pathology
on the basis of spectral characteristics and
metabolic ratios between HCC and Meta
from various primary neoplasms could not be
differentiated. So HCC, CC and Meta were
lumped as malignant tumor group and the
statistical difference were calculated among
four groups each other— malignant hepatic
tumors (Malign.), benign hepatic heman-
gioma (Hem.), liver cirrhosis (LC) and
healthy controls (Normal), as shown in Fig.2.

The spectra from benign hepatic heman-
gioma appeared almost normal, with some-
what higher Pi/B-ATP and PDE/B-ATP
than normal. In liver cirrhosis, PME/B-ATP
did not rise so much as malignancy but higher
than normal, and PDE/B-ATP decreased
significantly compared with controls. We can

P
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P

differentiate LC from normal and heman-
gioma by PDE/S-ATP, malignancy from the
others by PME/B-ATP and hemangioma
from normal by Pi/f-ATP and PDE/S-ATP.
PME/PDE was proved to be a good charac-
teristic but it concealed the difference
between normal and hemangioma.

Fig.3 summarizes the main results of this
study. Calculated PDE/B-ATP are plotted
against PME/B-ATP for patients with
malignant tumors, hemangioma and liver
cirrhosis and for control subjects. The plot
can be divided four sections as shown. The
upper left sector contains hemangiomas, the
middle left section indicates normal subjects,
the lower left sector stands for liver cirrhosis
and the right section represents malignant
tumors.

In conclusion, the combined use of PME/
A-ATP and PDE/B-ATP ratios, simply
PME/PDE in substitution, may be good indi-

PME/ATP

Fig.3. PDE/s-ATP ratios plotted against PME/B-ATP ratios. The
plot can be divided to three sections as shown — upper left section is
mainly occupied by normal and benign groups, lower left section
contains cirrhotic group and right section represents malignant group.
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cators in distinguishing hepatic diseases.

These results suggest that *'P MR spectros-
copy may be useful in the non-invasive
assessment of liver disease.

DISCUSSION

1P MR spectroscopy provides metabolic
information in human liver cells non-invasively.
Previous investigation have been reported
intravenous fructose loading test for valua-
tion of liver function®~'®. Many of the
authors have mentioned that PME peaks
elevated above normal in malignant tumors
relative to the other metabolites”1V23~28) hyt
relatively increased PME levels are not spe-
cific indicator for malignancy.

Restricted to liver, increased PME is also
seen in other hepatic diseases such as scleros-
ing cholangitis, Caroli disease, fatty liver and
alcoholic hepatitis!® =24,

Previous researches have ohserved that phos-
phocholine (PC) and phosphoethanolamine

(PE) are the prominent components of the
PME peaks which are concerned with phos-
pholipid biosynthesis, whereas glycerophosphor-
ylcholine (GPC) and glycerophosphoryleth-
anolamine (GPE) are the major constituents
of the PDE peak which are intermediates in
phospholipid breakdown?®??.

The level of PME which represents the
pool size of phospholipid precursors is perti-
nent valuation in the pre-membranation
period. The PDE level which is consequent on
the catabolism of membranous phospholipids
exhibitis conspicuous valuation at later
stages, corresponding to the period of vigor-
ous biosynthesis of membrane components?®.
It has suggested that changes in the relative
concentrations of these compounds may
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reflect changes in rates of membrane synthe-
sis, degeneration and modulation?®?.

Thus much of the recent interest in *'P
human spectroscopy surrounds the behavior
of the PME and PDE peaks and deﬁniti.ve
assignments of the resonances is obviously
important.

Iles et al.?? have observed that PME in-
creased and PDE decreased in regenerating
liver after hepatectomy similar to the devel-
oping neonatal liver?®. On the contrary the
elevation of PDE was found in growth
retarded plancentae®”. Thus phospholipid
breakdown products (PDE) reduction
appears to correspond to rapid cell turnover
including hepatic regeneration.

Our results were coincident with these
reports — the levels of PME were significant-
ly elevated in malignant hepatic tumors and
the levels of PDE deteriorate in liver cirrho-
sis.

Concerning hemangiomas, the spectra
appeared almost normal, with somewhat
higher Pi/g-ATP and PDE/B-ATP than
normal, which may be caused by contamina-
tion from 2, 3 diphosphoglycerate (DPG) in
blood!®. Glazer et al.** expressed that heman-
gioma showed very low signal to noise ratio
(S/N) compared with spectra acquired from
an identical depth in a normal volunteer,
which could not be confirmed in our study.

In damaged liver, we guess that the
decrease of PDE/S-ATP may arise in the
first step to maintain function by regenera-
tion of hepatocytes, and that according as the
regeneration process advances to lose turn-
over rate, the value seems to return to nor-
mal. Theoretically if still more the damage
progresses so far as to necrosis and so on, it
exceeds the ability for compensation and



3P MRS to Hepatic Disease

results in PDE/S-ATP increase because the
decrease of S-ATP overcomes that of PDE.
But we experienced no case of liver cirrhosis
with PDE/B-ATP increase.

There might be much more complex rea-
sons for the change of these values such as
diminution of absolute PDE in quantity by
infiltration of fat or collagen with preserva-
tion of B-ATP level to some extent. The
decrease of ATP in hepatic disease may be
due to decreased oxidative phospholylation
induced by decreased oxygen consumption in
the damaged liver'”. Similarly a slight
increase of PME/S-ATP leads to be a signifi-
cant one by a decrease of 3-ATP, as hepatic
damage longstands, with the consequence
that breeds HCC. Undoubtedly the increase
of PME/A-ATP in malignant tumors is not
only due to liver damage but also to abnor-
mality in metabolism of memberaneous phos-
pholipids. The increase in PME ratios in liver
disease may reflect a rise in the hepatic
concentrations of PME or fall in the concen-
trations of all the other phosphorus-contain-
ing metabolites relative to PME and/or both.
The PME increase may be caused by an
overproduction of abnormal phospholipid
precursors which could not have been utilized
for membraneous biosynthesis in an orderly
manner. The -ATP decrease may be due to
exhaustion because of necrosis and so on.

And there is another possibility occured by
saturation effect that may conceal real con-
centration change. TR of 2000msec. used in
our study is not long enough and probably
introduce some saturation effects. If T,
relaxation time may be prolonred in diseased
liver, the magnetization will not have fully
recovered and thus the actual concentration
will be understimated. It is to be desired that

the interpulse delay is longre than about five
times T,%"3Y. Thus variable saturation due to
metabolite relaxation time differences will
influence the relative peak area, particularly
for long-T, metabolites. Though we did not
caluculate in this study, the ratio at two
different TRs (TR values) might be better
indicators regardless of T, relaxation times
of phosphorus containing metabolites.
Moreover in relative investigation, if the
concentrations of compounds rise or fall
together, the ratios may be unchanged.
Meyerhoff et al. have described that absolute
hepatic *'P metabolite concentrations in
patients suffering from alcoholic hepatitis
and alcoholic liver cirrhosis were generally
decreased by 20-409§ compared to normal
controls, whereas intensity ratios of
metabolites in diseased liver did not differ
significantly from those in normal liver!® !9,
So it is necessary to invenstigate absolute
value to confirm how the each value fluctu-
ate. But the absolute metabolite concentra-
tion value was not calculated in this study
because its measurement with surface coil
requires a precise knowledge of the volume
from which signal is collected and the degree
of surface contamination. It was difficult to
define by DRESS technique. And surface coil
placement was also of key importance. A
major disadvantage of the surface coil tech-
nique was that signal was received only from
a limited area and depth and is dependent on
the coil diameter. Only signal from the region
within the coil diameter up to a depth of
approximately one radius from the coil could
be recieved. In DRESS technique we could
only select the depth of interest without
knowing how wide the area parallel to the
surface coil spreaded. It suggested that there
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were unexpected contamination and spectral
degradation from abjacent liver tissue or
other extrahepatic structures.

Though there are many problems, so far as
relative phase, PME/S-ATP ratios can be
used to differentiate malignant hepatic
tumors from the other diseases, and PDE/
[-ATP ratios can be used to differentiate
liver cirrhosis from the other groups respec-
tively. Therefore the combined use of PME/
B-ATP and PDE/B-ATP ratios is useful in
distinguishing hepatic diseases non-
invasivaly. Quantitative *'P MR spectroscopy
provides important information about meta-
bolic abnormalities associated with human
liver disease. We are confident that the dis-
tinct advantage of being able to directly fol-
low phosphate metabolism in the liver will

prove valuable in detecting liver disease.
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