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Pelvic Adenopathy in Prostatic and

Urinary Bladder Carcinoma: MR
Imaging with a Three-Dimensional
T1-Weighted Magnetization-Prepared-
Rapid Gradient-Echo Sequence

OBJECTIVE. The purpose of (his study was (0 evaluate a magnetization-prepared—rapicd
gradient-ccho (MP-RAGE) scquence as a three-dimensional (3D) Tl-weighted MR imaging
teehnigue 1o reveal lymph node metastases from carcinoma of the bladder and the prostate.

SUBJECTS AND METHODS. Using a 3D Tl-weighted MP-RAGE sequence, MR
images of 134 consceutive patients with prostatic carcinoma (7= 63) or urinary bladder carei-
noma (n = 71) who were scheduled Tor radical prostatectomy or radical cystectomy were cor-
related with histopathologic lindings after linc-needle aspiration biopsy (FNAB) (i1 = 6), open

or laparoscopic pelvie
used [0 times to guide FNAB in nine patieats.

tymiph node dissection (n = 127), or autopsy (n = 1). MR imaging was

RESULTS. The sensitivity, specilicity, accuracy, and positive predictive value of the
technique were 75%, 989%, 90%, and 94%, respectively, Thin-slice (1.2-mum) multiplanar
reconstructed images correctly revealed diseased nodes in 33 patients, However, MR imaging
failed to reveal microscopic metastatic deposits in normally sized nodes in 11 patients. Two
other patients had enlarged nodes without metastasis. Furthermore, FNAB guided by MR
imaging revealed metastases in six ol nine patients,

CONCLUSION., MR imaging with a 3D MP-RAGI sequence was accurate in revealing
nodal metastases from carcinoma of the prostale and bladder. This imaging technique can be
used Lo select patients Tor biopsy or faparoscopic pelvic lymph node dissection,

R imaging s considered superior
to CT Tor local staging of pros-
tatic carcinoma 1] and slightly
better in local staging of urinary bladder car-
cinoma (2, 3], Because we use MR imaging
for local staging in patients with prostatic
and urinary bladder cancer, we investigated
whether MR imaging is appropriate in nodal
staging, 1 it is, Tocal and nodal staging could
be done in one session,

Flowever, CT provides the opportunily to
do fine-necdie aspiration biopsy (FNADB)
more casily 4], FNAB is a minimally inva-
sive method of determining  lymph node
metastases histologically, The mean reported
sensitivity of FNAB is 70% 5],

The purpose of this study was to evaluate
the dingnostic accuracy ol a three~-dimen-
sional (30 magnetization-prepared—rapic
pradient-echo (MP-RAGE) MR technique
for staping regional lymph nodes in patients
wilh prostatic or urinary bladeer carcinoma,

Subjects and Methods

One  hundred  and  thicty-Tour  consecutive
patients wilh biopsy-proven prostatic carcinoma (#
= 03, mean age, 64 years olds range, 48-73 yuears
old} or invasive urinary bladder carcinoma (= 71,
A5 men, 16 womety; mean age, SO years olds range,
AR-T8 years old) were considered suttable candi-
dates for curtive surgery on the hasis of clinieal
staging, local and regional MR staging, and their
general condition,

In patients with prostatic carcinoma,  elinical
stage was based on digital reetal examination, tans-
reetal sonography, prostate specific antigen levels
(mean, 8.2 ng/mibs ranpe 2440 ngfmly and histo-
logie wmaor grade (nine tmors well differentiated,
42 moderately well differentinted, and 12 poorly
dilferentiated), Al patients with urinary  bladeler
cancer had biopsy-proven muscle invasion. Nine
patients had moderately differentiated tumaors, and
G4 patients had poorly differentiated fumors,

MR imaging was done using o ES-T magnet
(Magnetom 63748 SPAO00) Siemens, Erlingen,
CGermany) and o Helmhboltz double surfiuee coil
(Siemens), To reduce bowel motion,  patients
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received 0.5 mg ol glucagon 1V belore the exami-
nation. To reduce respiratory motion, an adjustable
belt was wrapped around the abdomen to induce
slight compression, In the 3D MP-RAGE mmple-
mentation, Tl-weighting was obtained with a 1830°
inversion pulse for magnitude preparation. For each
of the phase-encoding steps in the second dimen-
sion, the inversion preparation was applied and then
the rapid gradient-echo data acquisition  was
obtained; the latter step extended into the phase
encoding for the third dimension. The sequence
parameters were 10/4 (TR/TE); inversion time, SO0
msec; Hip angle, 10% matnx size, 192 X 256; feld
of view, 23 cm; (wo acquisitions; and voxel size,

0 X 1.3 x 1.6 mm. A total of 128 contiguous
images were obtained in 9 min. From this image
set, off-line multiplanar reconstruction of images in
specific planes was performed depending on the
preference of the investigator. A plane parallel to

the external tliac vessels was always included. In

Fig. 1.—Lymph node metastases in 54-year-old man wi

Jager et al.

ratients with urinary bladder carcinoma, the .

MP-RAGE sequence was part of local staging [2];
in patients with prostatic carcinoma, the sequence
preceded local staging with a transrectal surface
coil. Image interpretation was done by two experi-
enced investigators who were unaware of the clini-
cal and surgical findings except that the patient was
a candidate for prostatectomy or cystectomy. The
image quality was assessed as good or poor accord-

ing to previously reported criteria [2]. The investi-

gators performed multiplanar reconstructions of the
MP-RAGE data in what they considered to be the
optimal plane. In the first 40 patients, all recons
structions were done independently by both investi-
gators, As the study proceeded, the reconstructions
were done by a single reader, When the reader was
in doubt, independent double reading was per-
formed. Consensus was achieved in all cases. In
determining sizes of lymph nodes, maximal long-
axis  and minimal axial measurements  were

th T3b urinary hladder carcinoma.

A, Reconstructed three-dimensional magnetization-prepared-rapid gradient-echo (30 MP-RAGE) image in
plane parallel to right external iliac vessel shows enlarged lymph node (arrow).

B, Reconstructed 3D MP-RAGE image in slightly angulated coronal plane reveals enlarged lymph nodes {(arrows)
atong course of iliac vessels (diameter, 12 mm). Histologic examination after fine-needle aspiration biopsy re-

vealed metastatic deposits.
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obtained. The minimal axial size was measured in a
plane perpendicular to the long axis through the
thickest part of the node. From these measurements
an index was calculated by dividing the shortest
axial size by the long axis. Lymph nodes were con-
sidered pathologic when the minimal axial diameter
was 10 mm or more (Fig. 1) or when the minimal
axial diameter was between 8 mm and 10 mm and
the index exceeded (1.8 (a round node) (Fig. 2). The
signal intensity of lymph nodes was not considered
diagnostic for metastases [3].

In nine patients, biopsies ol suspected enlarged
nocdes were guided with MR imaging using an 18-
gauge MR-imaging—compatible needle (LofKin;
Medicor, Tiirkenficld, Germany). In one patient,
the procedure was repeated after an inconclusive
result. To determine the 1deal percutaneous
approach, multiple angulated images were recon-
structed. The posttion of the needle tip was
checked with transaxial and sagittal two-dimen-

Fig. 2—65-year-old man with localized prostatic can-
cer and iliac metastases. Reconstructed three-dimen-
sional magnetization-prepared rapid gradient-echo
image in plane parallel to right external iliac vessel re-
veals round obturator node with diameter of 9 mm
(arrow). Histologic examination after laparoscopic
lymph node dissection revealed metastatic deposits.

Fig. 3.—57-year-old man with urinary bladder carci-
noma and lymph node metastases. Fast reconstructed
three-dimensional magnetization-prepared-rapid gra-
dient-echo image reconstructions in transverse (A)
and multiple angulated (B) plane obtained during fine-
needle aspiration biopsy show needle tip (arrow) and
lymph node (arrowhead). Phase wrap of patient's wrist
s visible within left gluteal muscle in A.
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MR Imaging of Pelvic Adenopathy

sional spin-ccho images with these parameters: MR imaging revealed [ymph  node  present in normally sized nodes, The diame-
200/15; matrix size, 192 X 256; field of view, 25 metastases in 33 of 44 patients, MR imaging  ter ol the largest false-negative node was 6
cmyyand contiguous slice thickness, 5 mm. We  pyiled (o depict metastases in 11 patients with— mum (Fig. 5). In the one patient with a Talse-
’ 14 TAVE ' ey on )‘ v S o 8 YN it] : s q* Y | A ’ |
“ll‘“" used a fast 3D MI RA.GE Sequence with unenlarged nodes. No metastatic disease was — positive lymph node, we measured a diame-
1o “"""“”""f; i ]0/4’,“}}16““)'] time, 500 MSEY found in two patients with enlarged nodes. ter ol 10 mm on reconstructed MR 1images.
flip angle, 10°; ficld of view, 25 c¢m; and matrix The MR technique proved to have a sens
stze, 128 X 256 (Fig. 3). The procedure took 30- L . ]P s T e Uri Bladder Carci

tivity of 77%, a specificity of 94%, an accuracy ~ Urinary bladaer Larcinoma

60 min and was done on outpatients. T - o e N __ o S

The MR findings were compared with histo-  Of 98%, and a positive predictive value ol 95%. [he MR pelvie lymiph node findings in 71
pathologic findings after FNAB in six patients, patients with invasive urinary bladder carci-
open or laparoscopic pelvic lymph node dissection Prostatic Carcinoma noma are correlated with pathologic exami-

(PLND) in 127, and autopsy in one. The MR pelvic lymph node findings in 63 nation in Table 2. Metastases were predicted
patients with prostatic carcinoma are corre- — correctly n 24 patients. In these 24 patients
lated with the results of pathologic examina- 39 enlarged lymph nodes were detected. The
tion in Table 1. Mctastases were revealed by mean axial diameter was 12 mm (range, 9-
Overal MR imaging in nine patients. In these  [8 mm), Metastases in five patients were

Lymph nodes with an axial diameter ol 3 patients, 15 enlarged lymph nodes were  predicted correctly beeause they were round.
mm could be visualized (Fig. 4). Initially,  shown with a mcan diameter of [[ mm  The diameter of the involved nodes was 9-
multiplanar reconstructions were performed  (range, 818 mm), In three of these patients, [0 mm, In one patient with lalse-positive
in 20 min; eventually, we could perform  lymph node metastases were present in nodes, the minimal axial dameter of the
them in 10 min, Results of nodal staging are  round nodes with a diameter of 8 or 9 mm. In  largest node was 15 mm, However, this node
presented in Tables | and 2. six patients, lymph node metastases were  did not contain metastatic disease.

In nine patients with enlarged nodes, MR
imaging was used to guide FNAB. All
patients appeared to have metastases. In four
patients, insufficient aspirated material pre-
cluded diagnosts. These cases were classtfied
as false-negative. In one patient the procedure
was repeated, and enough material was aspi-
rated for diagnosis. In six patients tumor cells
were seen alter FNAB guided by MR imag-
ing. All (ailures occurred in the first five pro-
cedures, suggesting a learning curve for this
procedure.

Results

Discussion
Accuracy of MR Imaging for Nodal Staging

Local and regional lymiph nodes are rou-
tinely evaluated for metastases in candidates
for radical prostatectomy or cystectomy.
Fig. 4.—52-year-old man with prostatic cancer. Reconstructed three-dimensional magnetization prepared-rapid ~ Surgical PLND is the most invasive and reli-
g(adieptecl1oimagesin coronal (A} and plane paral‘elto right exte{'nal.iliac vessel (B) show lymph npdes(qrrow) able method for establishing metastatic dis-
with diameter of 3 mm along course of vessels. Histologic examination after open lymph node dissection re- C . e
vealed no metastatic deposits. case in pelvice lymph nodes. However, frozen

sectioning has been reported to be lalse-neg-
ative in 33% of patients |6]. Laparoscopic
PLND is less invasive and almost as aceurate
in sampling lymph nodes (90%). However,
this method requires more skifl and experi-

Results of Pelvic Lymph Node
LR ER Staging in Patients with
Bladder Carcinoma

Results of Pelvic Lymph Node
LEA:1R-H Bl Staging in Patients with
B Prostatic Carcinoma

Pathologic Examination Pathologic Examination ence, and i no lymph node metastases are
MR Imaging MR imaging T found a second operation is performed {7
Metastases Metastases N . ) . ' o
— - [herefore, a noninvasive, reliable method
Metastases No Metastases No Yes for detecting and staging nodal metastasis
No 47 A3 No 4 s would reduce unnecessary surgery.
Yes ] 9 10 Yes 1 24 95 CT and MR imaging are reported to be the
— S e RS — | AN AT e e AR e s . : . s - -~ . 1' A i e { _'_\‘1"‘ 1* R 4
Total 4 15 63 Total 42 ZM“WQ 57771 most aceurate noninvasive techniques for nodal
E Y TS VA S ey o e mmedemeeeedgaainp s but accuracy rales vary widely, For
Note.——The MR technique had a sensitivity of 60%, a Note.--The MR techniquo proved to have a sensitivity of \,E:l{’mb’ out ,u,'(',"“u'y . Ay o Y 00
specificity of 98%, an accuracy of 88%, a positive predictive  83%, a specificity of 98%, an accuracy of 92%, a positive pro-  C L, Lhe senstlvily varies (rom 0% to 100%,
value of 90%, and a negative predictive value of 89%. dictive value of 96%, and a negative pradictive value of §9%. and the spccil'icity varies from 449% 10 100%

AJR:167, December 1996 1505
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Fig. 5—Db8-year-old man with prostatic cancer and false-negative node at MR examination. Reconstructed

three-dimensional magnetization prepared-rapid gradient echo images in coronal (A) and plane parallel to right

external iliac vessel {B) show lymph node with 6-mm diameter (arrow). This node contained metastatic deposits

on pathologic examination,

14, 5]. For MR mmaging, the sensitivity varies
from 0% to 100% and the specificity varies
from 94% to 100% [8—10]. Compared with CT,
MR mmaging has better soft-tissue contrast and
the potential of multiplanar imaging without IV
contrast material. MR imaging may therefore
be more accurate than CT scanning, but both
imaging methods are considered similar m their
ability to facilitate nodal staging {3, 5]. How-
ever, the most optimistic results were obtained
with routine axial CT |4]. The reported CT
technique had a sensitivity of 78%, a specificity
of 97%., and an accuracy of 94%.

Because our MR technique obtained thin
shices in multiple directions, the minimal axial
diameter could be determined correctly. The
multiplanar reconstruction allowed us to evalu-
ale the nodal shape, By delining the maximal
normal stze for a round node as 8 mm mstead
of 1 em, the number ol true-positives increased
from 25 o0 33 with only one more Talse-posi-
tive. These findings concur with a study of
Vinnicombe et al. | 11], who suggested a lower
limit for pelvie lymph nodes of 7 mm [or inter-
nal thac locations, 8 mm [or obturator loca-
tions, 9 mm for common iliac locations and 1)
mm [or external iliac locations. Oyen et al. [<]
also suggested fower limits of normal size for
lymph nodes. They considered every asym-
metric lymph node with a diameter of 6 mm or
more to be abnormal. We used 8 mm as the
upper limit of normal size pelvie lymph nodes.
Had we chosen 6 mm, 18 patients with normal
lymph nodes would have been judged to have
disease (lalse-positives) and one patient with a
true-positive node of 6.2 mm would have been
correctly classified (Fig. 3). I a node is mei-
sured 1 a plane that 1s not perpendicular o its
long axis, the size ol the node can be overesti-
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mated. We used reconstructions in - every
desired plane, which may explain the rejatively
low number of false-positive lymph nodes n
OUI' SCries.

Nodal Staging in Prostatic Carcinoma

Lymph node metastasis in patients with
prostatic carcinoma s highly related to
tumor grade and clinical stage. The chance
that a patient with a well-differentiated T la
tumor has lymph node metastases 1s 0% | 12,
| 3], whereas a patient with a poorly differen-

tated T3 tumor has a 68-93% probability of

having nodal metastases {12, 14]). Lymph

node metastases can also be assessed by

prostate specific antigen levels [ 13, 15].
Because of an increasing trend to perform

surgery on patients in the carly stages ol

prostatic carcinoma, the mmcidence of Tymph
node metastases has decreased to 5—-13%
| [6]. Therelore, routine use of PLND 15 no
longer considered justificd in all patients
| 13]. Also, the diagnostic yield of imaging
lor nodal staging is considered (oo low for
routine use | 13]. Cost-elfective analysis per-
formed by Woll et al. (5] pointed out that
maging should be restricted (o patients with
a high probability of lymph node metastasis.
They stated that when the probability of pos-
itive nodes based on prostate spectlic antigen
level and clinical stage was 32%., the sensi-
Lvity of the imaging method must be 36% to
be benehicial, When the sensitivity was 25%,
as 1n their series, prior probability should be
459% 1f FNAB provided a sensitivity of 70%.

We achieved a high sensitivity in our

series. Because metastases may occur in nor-
mally sized nodes, the sensitivity of tmaging
cannot be 100%. In a series of 39 lymph node
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metastases [6], [4 were present in lymph
nodes smaller than [ mm. Of these, seven
were not recognized on frozen sections.

In our study, subjects were restricted (o
those patients whose true disease status was
verilied by pathologic examination (verifica-
tton bias). Il clinicians’ confidence in MR
staging increases, the need for pathologic
confirmation decreases. A patient with obvi-
ous T3c disease (seminal vesicle invasion)
and enlarged lymph nodes will no longer
undergo FNAB, and the number of true-pos-
itive nodes decreases. In addition, the real
prevalence of discase affects the reported
[igures. In our hospital MR staging is no
longer indicated in patients with low-grade
tumors (prostate specific antigen concentra-
tion < 10 ng/ml), so we expect a lower num-
ber of true-negative results,

Nodal Staging in Urinary Bladder Carcinoma

[n patients with urinary bladder earcinoma,
lymph node metastases 1s related strongly to
(umor stage. Lymph node metastases in
patients with superficial tumors (less than T3)
are rare, but it the deep muscle layer is
involved (T3a) or il extravesical invasion is
seen, the incidence of lymph node metastases
rises to 20-30% and S0-60%, respectively
| 17]. Although some authors advocate radical
cystectomy even when the patient has micro-
scopic metastases [ 8], radical cystectomy is
not justified if lymph node metastases are
detected [19].

The sensitivity of nodal staging in patients
with urinary bladder carcinoma was better
than that m patients with prostatic carci-
noma. The difference between these (wo
groups of patients is also seen in previous
reports. For prostatic cancer and urinary
bladder cancer, the overall reported sensitivi-
ties for nodal staging with MR imaging are
20 11, 4.5, 10, 20-23] and 64% [10, 19,
20-32], respectively.

The 3D MP-RAGIE sequence in our hospi-
tal plays an tegral part m staging urinary
bladder carcinoma, Therelore, nodal staging
does not atfect the costs ol staging. In patients
with urinary bladder carcinoma, laparoscopic
PLND 15 no longer done because of the
chances of tumor sceding. In patients with
lymph node metastases shown by MR imag-
ing we use ENAB guided by MR imaging,

FNAB

FNAB of pelvic lymph nodes has been
performed under sonographic [33], CT [4],
or lymphangiographic [34] guidance. The

AJR:167, December 1996



reported sensitivity varies from 50% to
100% with a mean of 70% [5]. In our pre-
liminary study of FNAB, we achieved a sen-
sitivity of 60% in 10 procedures, obviating
the need for radical cystectomy in six of
nine patients. False-negative results were
obtained in the first patient in whom we per-
formed the procedure. Compared with CT,
FNAB has no advantages; it is more time-
consuming and expensive. With new MR-
imaging—compatible puncture devices and
open-configuration, superconducting MR imag-
ers, which allow direct access to the patient dur-
ing the procedure |35}, we expect (o overcome
some of these problems,

Nodal staging using the 3D MP-RAGE

technique s excellent compared with other

MR studies and most CT studies. Therefore,
local and nodal staging should be integrated
into one MR examination. We advise MR
staging 1n all patients with urinary bladder
carcinoma with muscular invasion who are
considered surgical candidates and in candi-
dates for radical prostatectomy who have a
Gleason score of seven or more (moderately
and poorly differentiated tumors) and a pros-
tate specific antigen level of [0 ng/mi or
more. If a lymph node is considered to contain
metastatic disease, an FNAB 1s advised.
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