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MRI techniques 
for pancreatic cancer

Initial breath-hold MRCP acquisi-
tions show the site of ductal obstruc-
tion or stenosis. Further sequences
can then be targeted to the location
of the tumour and the adjacent ves-
sels and other structures. Using a
dedicated MRA technique after ga-
dolinium, as Fischer et al. have done,
gives an elegant demonstration of
vascular anatomy, as their images
show; however, the conspicuity of
pancreatic carcinomas is greatest
during the capillary phase of en-
hancement, so if T1-weighted imag-
es through the lesion are obtained
only after the venous phase of MRA,
they will be too late for the optimum
visualisation of small tumours. The
demonstration of liver metastases
also requires sequential acquisitions
during the arterial-dominant and por-
tal venous phases of contrast en-
hancement, which cannot be
achieved in the same examination as
a detailed MRA acquisition through
the coeliac/mesenteric area. A com-
promise which may be preferable is
to use a 3D-volume technique (e.g.
the VIBE sequence) for consecutive
acquisitions in the late arterial/capil-
lary phase, and the portal venous
phase. A single 3D breath-hold ac-
quisition will cover the liver and
pancreas with 2- to 3-mm partitions
in virtually all patients, particularly
if a right anterior/coronal view is

chosen to maximise the cranio-cau-
dal coverage, while retaining the
whole of the liver within the field of
view. Using this approach, a simulta-
neous demonstration of vessels, nor-
mal parenchyma, and hypointense
tumour can be achieved. Frequency-
selective fat saturation can be added
to improve tumour and vascular con-
trast, without imposing a significant
sacrifice in terms of coverage or
slice thickness. This sequence is
probably also the best currently
available for the difficult task of de-
tecting peritoneal disease.

Is MRI superior to CT?

Early MRI studies using spin-echo
techniques produced results which
were inferior to dynamic contrast-
enhanced CT for detecting and stag-
ing pancreatic carcinoma. The intro-
duction of dynamic gadolinium-
enhanced gradient-echo sequences
led to considerable improvement in
the accuracy of MRI. More recently,
a direct comparison of multiphase
enhanced MRI with dual-phase heli-
cal CT [2] found MRI to be signifi-
cantly better for assessment of vas-
cular invasion, although the tech-
niques were equally accurate in de-
tecting the tumours.

The value of these comparative
studies is relatively short-lived be-
cause of the rapid progress in imag-
ing technology. The differences in
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The role of MRI in pancreatic cancer

The treatment of pancreatic cancer
remains problematic. Imaging proce-
dures for diagnosis and staging are
currently directed at identifying
those patients who may be suitable
for curative surgery. In this issue, 
Fischer et al. [1] argue a case for 
using MRI as a single staging exami-
nation in potential surgical candi-
dates. The content and the implica-
tions of their paper raise several
questions for further discussion.

Firstly, is the particular MRI
technique which they describe really
the most appropriate for assessment
of pancreatic cancer? Secondly, can
we be confident that MRI is superior
to CT? Thirdly, like other radiology
authors, they have focused on the
determination of resectability, but
what actually is meant by “resect-
able”? Finally, the contribution of
imaging in this disease has to be
judged against the outcome of at-
tempted cure, so what are the factors
which now hinder successful treat-
ment, and how might imaging be
able to help?
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accuracy between CT and MRI for
pancreatic cancer are small enough
to be overtaken by new technologies.
This point is illustrated by a recent
study [3] which found CT to be su-
perior to MRI in demonstrating vas-
cular invasion, but while these au-
thors used 3-mm collimation with 
2-mm reconstructions for CT, they
used 8-mm slices for MRI acquisi-
tions. Most recently, multi-detector,
multi-slice CT has given us the op-
portunity to carry out dual- or triple-
phase acquisitions through the pan-
creas with effective slice thickness in
the range of 1–2 mm, while the de-
velopment of 3D volume acquisi-
tions for MRI offers a parallel im-
provement in spatial and temporal
resolution. Some further improve-
ment in the accuracy of pre-opera-
tive detection and staging may be
expected, but in pancreatic cancer 
all imaging methods face more prob-
lematic limitations.

What is meant by “resectable”?

Like other radiological authors, 
Fischer et al. [1] have concentrated
their imaging technique on demon-
strating whether or not the main vas-
cular structures (portal vein, superior
mesenteric vein and superior mesen-
teric artery) are infiltrated directly by
the adjacent tumour. Good visualisa-
tion of the vessels can be achieved
using either MRI or helical CT, but
the interpretation of the images in
terms of “resectability” is not always
clear. In the majority of cases, where
the vessels are either clearly normal,
stenosed, occluded or completely en-
cased by tumour, the interpretation is
straightforward. In a minority of
cases, the radiologist will be faced
with the same difficulty as the sur-
geon at the time of laparotomy:
What degree of vascular involvement
is enough to rule out an attempt at
curative resection? This difficulty
may account for the results of 
Fischer et al. [1] who found that 5 
of 12 patients whom they interpreted
as unresectable on MRI underwent

successful surgical treatment, and
vascular invasion was not confirmed.
Clearly, “resectability” in these cases
is a decision for the surgeon, not the
radiologist.

What we need is for radiologists
and surgeons to agree on detailed
and specific criteria for non-resect-
ability. In terms of venous invasion,
which appears to be the most prob-
lematic area for assessment, Spencer
et al. [4] defined unresectable in-
volvement as tumour encompassing
more than 180° of circumference of
the superior mesenteric or portal
vein over an axial length of 2 cm or
more, or local stenosis/occlusion.
Using this scheme, pre-operative
MRI was confirmed by surgical find-
ings in almost all cases. Similarly,
grading schemes for degrees of vas-
cular involvement were used by Lu
et al. [5] and O’Malley et al. [6] who
were able to define imaging criteria
which could predict surgical findings
with an accuracy of 90% or more.
Using such detailed criteria, we
should be able to predict the degree
of vascular involvement found at
surgery by using pre-operative MRI,
and leave the decision about resect-
ability to the surgeon.

In addition to vascular involve-
ment, the surgical criteria for non-re-
sectability include direct local inva-
sion into retroperitoneal structures,
and metastases to the liver, peritone-
um or distant lymph nodes. In most
surgical specimens with lymph node
involvement, the majority of meta-
static nodes are smaller than 1 cm.
Pre-operative recognition of these
lymph node metastases by MR or CT
is currently unreliable. Peritoneal
disease is apparent on imaging only
at an advanced stage, so in those pa-
tients with small serosal deposits the
demonstration of non-resectability is
made only at the time of surgery.
The presence of liver metastases im-
mediately rules out the possibility of
curative surgery, so our imaging as-
sessment must include examination
of the liver. Again, the sensitivity of
imaging techniques for detecting liv-
er lesions smaller than 1 cm, particu-

larly on the liver surface, remains
relatively poor. In colorectal cancer
patients, Ward et al. [7] found MRI
detected approximately 60% of such
small lesions, whereas only approxi-
mately 45% were found on helical
CT. With all these limitations, imag-
ing cannot exclude early metastatic
disease, so the decision to attempt
curative resection continues to be
made at surgery; however, even
when resection is technically feasi-
ble, the results of surgery are still
disappointing.

The results 
of “curative” resection

Several recent surgical series have
focused on the outcome of patients
with pancreatic cancer in whom cur-
ative resection has been attempted,
and on the factors limiting successful
treatment. Since the decision to re-
sect is made by the individual sur-
geon at the time of operation, there
is bound to be some variation in the
criteria used to select patients for at-
tempted curative resection. With this
reservation, it is clear from recent
surgical reports that the mortality of
the operation itself should be ap-
proximately 5% or less, but the
eventual outcome remains poor.
Five-year survival rates for patients
in whom “curative” resection has
been performed vary between 10 and
20%, with median survival of
12–18 months. Poorly differentiated
histology (found in approximately
one-third of cases), positive resec-
tion margins (present in up to 30%
of cases) and tumour size greater
than 2–3 cm are all associated with
worse prognosis. In large surgical se-
ries, over 70% of patients in whom
curative resection was carried out
were found to have malignant inva-
sion of local lymph nodes [8, 9].
Even in those patients with negative
nodes, invasion of the lymphatic
vessels is commonly seen. Intrapan-
creatic perineural invasion, also
found histologically in a substantial
proportion of cases, is a further ad-
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verse prognostic finding. The pa-
tients in whom the best outlook is
achieved are those with tumours
smaller than 2 cm, without nodal, se-
rosal or retroperitoneal invasion;
however, this subgroup accounts for
only a tiny proportion of all pancre-
atic cancers (approximately 2% in a

recent series of 670 cases [10]). The
only one of these prognostic features
which can be determined reasonably
accurately by non-invasive imaging
techniques is tumour size. The other
factors which prevent successful sur-
gical treatment are all related to his-
tological grading or local invasion at

microscopic level. It is difficult to
see how we can improve this dismal
situation with current imaging tech-
niques, and for now we can only aim
to define the gross anatomy of the le-
sion, assess the major vessels and
detect distant metastases of measur-
able size.
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