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Summary. 1H magne t ic  resonance  imaging  and  31p mag-  
netic  resonance  spec t roscopy  of  the h u m a n  p ros t a t e  using 
t rans rec ta l  surface coi ld  are discussed.  1 H M R  images  
were charac te r ized  by  a high sensit ivi ty,  reveal ing  m a n y  
detai ls  in the pros ta te .  Loca l ized  31p spec t ra  acqu i red  
dur ing  the same inves t iga t ion  showed  p h o s p h o r o u s  me- 
tabol i tes ,  which m a y  help  d i f ferent ia te  be tween benign  
p ros ta t i c  hype rp l a s i a  and  p ros t a t e  ca rc inoma.  A n  endos-  
copic  t ransmi t - rece ive  r ad io  f requency  (RF)  an t enna  is 
also descr ibed  which can be used with very low R F  power .  
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Conven t i ona l  magne t ic  resonance  imaging  (MRI)  o f  the 
p ros ta t e  used s t r ic t ly  non- invas ive ly  by  means  of  vo lume 
coils or  surface coils ope ra t ing  at  the pe r iphe ry  of  the b o d y  
of ten lacks the abi l i ty  to pred ic t  in correct  t u m o u r  stage, 
especial ly  in d is t inguish ing  t u m o u r  inf i l t ra t ion  of  the 
capsule  or  in f i l t ra t ion  of  the seminal  vesicles. S t imula ted  

* A preliminary account of this work was presented at the 9th 
Annual Meeting of the Society of Magnetic Resonance in Medicine, 
New York, 18-24 August 1990 

by the work of Narayan and Hricak [2], who recently 
reported differences in metabolic concentrations of be- 
nign prostate hyperplasia (BPH) and prostate carcinomas 
(PC) using a transrectal probe for 31p spectroscopy, we 
developed a transrectal probe designed for 3]p MR 
spectroscopy and 1H MRI. 

Materials and methods 

Twenty-one patients (11 with BPH and 10 with PC) were investigat- 
ed in this study. Fourteen patients were evaluated with ]H imaging, 
and in 7 patients 31p spectra were acquired; in 2 patients both 
imaging and spectroscopy were performed. Ten patients suffered 
PC; in 4 cases MRI was performed before radical prostectomy. 
Eleven patients with BPH served as controls. 

All in vivo measurements were performed with a Siemens whole 
body Magneton (Helikon type) operating at 1.5 T. The patients were 
placed in the prone position, with the head pointing towards the 
centre of the magnet. After a digital palpation, the probe was 
positioned under the prostate, and its position was verified using IH 
imaging with the endoscopic coil. 

31p spectroscopy, 1H shimming and 1H imaging were carried out 
with the same endorectal transmit-receive surface coil. The coil was 
protected by a smoothly rounded cover made of hard plastic (length 
12 cm, outer diameter 2 cm), surrounded by a condom and lubricat- 
ed with jelly (Instillagel| for slight local anaesthesia. The tuning 
and matching circuit of the probe was placed in a Faraday shielded 
box close to the coil and could be manipulated in situ from outside 
the magnet (Fig. 1). Switching between the 3Ip and 1H frequency 

Fig. 1. Radiofrequency coil used in this study 
for the transrectal investigation of human pros- 
tate. The coil can be used in situ for ]H imaging 
and 31p spectroscopy. The outer diameter of the 
insert is 2 cm. Electronic tuning and matching 
devices and the switch for the frequency change 
(~H to 3~p) are seen on top and on the left side 
of the instrument. The RF cable is not connected 
Fig. 2. 1H scout images obtained with the endos- 
copic coil. Sagittal orientation showing the 
prostate on the left side of the image (ventral 
to the coil insert). Using such images the sub- 
sequent paracoronal imaging planes are select- 
ed, producing the graphical overlays (white 
stripes) at the position on the slices 
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Fig. 3. Five parallel cross-sectional images selected from the set of 
images in Fig. 2. On the left side images close to the RF coil are 
shown and on the right side the zones further away from the coil are 
displayed 

was realized with a second tuning capacitor which could be turned 
on and off and allowed tuning of the probe to either frequency [1]. 
1H images were obtained with conventional two- dimensional FISP 
[3] sequences and slice orientations parallel to the radiofrequency 
(RF) coil plane. A sagittal scout view through the region of interest is 
shown in Fig. 2. Based on such an image, paracoronal cross-sections 
through the prostate can be defined and measured as shown in Fig. 3. 
Typical imaging parameters were repetition time (TR) = 0.3; s, echo 
time (TE) = 11 ms; slice thickness = 3 mm; number of slices = 10. 
Peak voltage of the RF pulses was always below 20 V. 

31p spectra of the peripheral part of the prostate were measured 
using a pulse-acquire experiment (200 gs rectangular pulse, 1 ms 
delay before acquisition) generating a flip angle of approximately 
180 ~ at the centre of the coil. TR in spectroscopy was 1.5s; 
typically 256 FIDs were acquired, resulting in about 7min of 
measurement time. Magnet shimming was performed with the 

same coil tuned to IH. Water linewidths of 20-50Hz at 65MHz 
were also obtained. 

Including the scout view and local shimming, a total examination 
time of 20-25 min was required. 

PCA extracts of PC tissue obtained after transurethral resection 
(TUR) were measured in vitro and compared with the in vivo results. 
31p specta of the extracts were measured in a Bruker MSL 400 system 
at a phosphorus frequency of 162 MHz. 

Results 

The 31p spectra of a pat ient  with BPH, a pat ient  with PC 
stage T4 N2, and  the in vitro spectrum of the tissue of the 
latter pat ient  ob ta ined  by T U R  are displayed in Fig. 4. 
There were no obvious differencies in adenosine  tr iphos- 
phate  (ATP) concentra t ions ,  bu t  generally a higher phos- 
p h o m o n o e s t e r / A T P  ratio in pat ients  with PC. The same 
observat ion was made by Thomas ,  et al. [4], who reported 
similar 31p spectra using a transrectal  probe.  
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Fig.4a-c. Comparison of 31p spectra of a patient with benign 
prostate hyperplasia (a), prostate carcinoma (b) and tissue obtained 
after transurethral resection for PC (p e). Note the differences in the 
PME intensity between the BPH and the PC patient 

Figures 5 and 6 show typical 1H images of a patient 
with BPH. the probe was positioned in the rectum 
surrounded by air, stool and lubricating jelly. Ventrally to 
the probe the prostate is seen with a smooth capsule and a 
regular inner structure. In Fig. 6a longitudinal image is 
shown with parts of the os pubis. 

Figures 7 and 8 show a patient who underwent radical 
prostatectomy for a pT3 pNo carcinoma. The pathohisto- 
logical report described an infiltration of periprostatic fat 
without involvement of the seminal vesicles. On both 
sides, the border between the prostate and the capsule is 
lost. Moreover, the inner structure of the gland has a 
somewhat irregular pattern. The hole in the prostate 
corresponds to the urethra. 

Discussion 

The aim of this preliminary study was to investigate 
whether clinical staging of prostate carcinoma can be 
improved by means of transrectal MRI. Computed tomo- 
graphy and non-invasive MRI using RF coils operating at 
the periphery of the body are often restricted in predicting 
the correct local tumour stage, especially in detecting 
tumour spread in the so-called prostate capsule as well as 
infiltrating the seminal vesicles. The error in conventional 
imaging is as high as 50 %. 

In contrast, endoscopic imaging enables the demon- 
stration of tumour infiltration of surrounding strutures. 
Therefore, transrectal investigation of the human prostate 
with MRI was implemented in this study. MR data of high 
sensitivity were obtained by using a small local surface 
coil, straightforward probe handling, and a high filling 
factor. 

When measuring with endoscopic RF coils local 
heating is important. Conventional MRI based on receive- 
only surface coils and a larger volume coil as the 
transmitter could provide hot spots unless special precau- 
tions are taken. In addition, the performance of a receive- 
only surface coil is difficult to monitor and control in situ. 
In our study we therefore used the endoscopic surface coil 
in a transmit and receive mode. In this way only very low 
power is required for the excitation of the MR signals and 
the power deposition can be calculated, controlled and 
adjusted at will. 

One drawback of this approach was reduced image 
homogeneity throughout the field of view, especially if 
transaxial images were required. Different imaging 
schemes were therefore tested, including adiabatic numer- 
ically optimized NOM RF pulses [5] which provide a 
spatially homogeneous excitation as soon as a certain 
threshold RF pulse power is reached. These pulses are not 
slice selective, and three-dimensional volume imaging was 
therefore implemented for this case. For prostate imaging, 
however, intense motion artefacts in both phase-encoding 
directions were observed which were caused by peristaltis 
of the bowels and spontaneous motion of the patient. 
Therefore, image quality was insufficient in this case. 
Better results were obtained with two-dimensional gradi- 
ent echo imaging, especially for imaging planes oriented 
parallel to the RF coil plane. Investigations of the human 
prostate, where infiltration of a carcinoma into seminal 
vesicles if of interest, can easily be conducted with this 
special image plane orientation. 

The results obtained so far have demonstrated the 
feasibility and reliability of this new approach for the 
investigation of the human prostate. In the future it 
should be possible to detect suspicious areas more or less 
confined to the prostate by 1H imaging and to distinguish 
benign from malignant tissue by means of 3~p spectros- 
copy using the same probe. 

In conclusion, we propose the use of transrectal 
31p MR spectroscopy and 1H MR imaging for investigat- 
ing the human prostate. Phosphomonoester/ATP ratios 
found in BPH and carcinomas may help distinguish 
between these prostatic diseases. Infiltration of the semi- 
nal vesicles or capsular penetrations may be detected with 



352 

Figs.5,6. 1H-imaging of prostates with benign hyperplasia. The 
"capsule" is clearly visible. The homogeneous structure of the gland 
is typical for the benign prostate hypertrophy 

Figs. 7, 8.1H imaging of a patient who underwent radical prostatec- 
tomy for a pT3 tumour. Darker  areas and a somewhat irregular 
pattern of the prostate are typical for PC. In Fig. 8 the left part of the 
capsule cannot be differentiated from the prostate 

1H MRI .  The he te rogenous  s t ructure  in case of  ca rc inoma ,  
aga in  in c o m b i n a t i o n  with the spec t rum,  can help to 
es tabl ish the diagnosis .  The  p r o b l e m  of  local  hea t ing  with 
the R F  p robe  is avo ided  by  using the p r o p o s e d  set-up. 
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