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Hepatic metastases from colorectal cancer are common.
Approximately 15–25% of patients with primary colorectal
cancer have synchronous metastases and a further 20% will
develop metachronous lesions within 3 years of primary
resection. Between 5–8% will be suitable for a curative resection
and, with neo-adjuvant chemotherapy and ablative techniques,
this proportion is likely to increase. The 5-year survival after
resection for colorectal liver metastases varies between 25–40%
in comparison to 0% when treated with palliative chemo-
therapy.1–3 Accurate imaging of the liver is a crucial determinant
in the decision to offer surgical resection and currently available
imaging pre-operative modalities include transcutaneous
ultrasound (TUS), computed tomography (CT), CT combined
with arterio-portography (CTAP), magnetic resonance imaging
(MRI) and 2-fluoro-2-deoxy-D-glucose-positron emission
tomography (FDG-PET).

TUS may fail to image the whole liver due to anatomical
inaccessibility and does not allow 3-dimensional planning
of surgical resection.4 CT liver imaging offers increased

sensitivity5,6 and may also able to assess extrahepatic dis-
ease but is inferior to MRI scanning in direct comparisons.7,8

CTAP is considered by many to be the ‘gold standard’ for
hepatic imaging but it is an invasive technique with a high
(up to 15%) false-positive rate.6 MRI provides a sensitive,
non-invasive method of assessing liver lesions9 and direct
comparison between CTAP and MRI shows that MRI is better
at identifying and characterising liver lesions.10,11

Extrahepatic disease is probably best investigated by spi-
ral CT of the chest and abdomen and, when appropriate, in
combination with FDG-PET. Direct comparison of FDG-PET
and MRI for liver lesions does not show a difference in sen-
sitivity between these techniques with MRI having an added
advantage of spatial resolution and lesion characterisa-
tion;12 however, this is a rapidly evolving area and improve-
ments in PET-CT may be useful in planning surgical resec-
tions in the future.

The aim of this study was to evaluate retrospectively the
sensitivity of MRI as an imaging modality for pre-operative
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ABSTRACT

INTRODUCTION The aim of this study was to evaluate the sensitivity of magnetic resonance imaging (MRI) in the detection of
colorectal liver metastases.

PATIENTS AND METHODS Pre-operative MRI scanning of the liver was performed by a single radiologist and the size and num-
ber of definite liver metastases were recorded. Patients then underwent hepatectomy with routine intra-operative ultrasonogra-
phy (IOUS) and resected specimens were sent for histopathology. Pathology findings were compared with those of MRI scans
to determine the sensitivity of this imaging modality. Exclusions were patients undergoing hepatic resection more than 4 weeks
after the MRI scan, those undergoing chemotherapy at the time of the scan, and those with conglomerate unilobar metastases.

RESULTS Complete data were available for 84 patients. There was total agreement between MRI, IOUS and histology in 79
patients (101 metastases). MRI missed 5 metastases in 5 patients that were found on IOUS (or palpation of superficial
lesions) and subsequently confirmed by histological examination. These measured 5 mm or less (4 patients) and 7 mm (one
patient). The sensitivity of MRI in the detection of colorectal liver metastases was thus 94% for all lesions and 100% for
lesions 1 cm or larger in diameter.

CONCLUSIONS MRI of the liver is a non-invasive technique with an extremely high degree of sensitivity in the detection of col-
orectal liver metastases and should be considered as the ‘gold standard’ in the pre-operative imaging of these patients.
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staging of colorectal metastases in the liver by comparing
pre-operative MRI findings with those of intra-operative
ultrasound and pathological specimen analysis (Fig. 1).

Patients and Methods

Patients undergoing hepatic resection for colorectal
metastases at a single institution underwent pre-operative MRI
scanning of the liver. The MR imaging protocol was axial and
coronal T2SSFSE, axial T1 in and out of phase and T2 FSE with
fat sat before infusion of colloidal iron and axial and coronal
T2SSFSE and T2 FSE with fat sat after infusion of iron. The size
and number of all detected metastases were recorded. All
patients underwent additional spiral CT imaging of the chest
and abdomen/pelvis to rule out the presence of extrahepatic

disease. At operation, the size and number of metastases
visible on intra-operative ultrasonography (Aloka™ SSD-2200
60-mm T-shaped intra-operative ultrasound probe at 5 MHz)
was recorded and this guided the hepatectomy which was
performed with curative intent in each case. After resection,
the hepatectomy specimen was fixed in formalin and then
sectioned at approximately 5-mm intervals to enable
examination and description of the gross histological
appearance. Samples were then set in paraffin wax and sliced
4-µm thick before being mounted and examined by a
histopathologist. Findings of the pre-operative MRI scans were
compared to intra-operative ultrasonography (IOUS) and
histological outcomes on a lesion-by-lesion basis.

Patients undergoing repeat hepatic resections for recur-
rent liver metastases, patients undergoing concurrent
chemotherapy at the time of resection and those with an
interval between MRI scan and surgery more than 4 weeks
were excluded.

Results

A total of 92 patients (54 male and 38 female) with a median
age of 62 years (range, 35–86 years) were considered for the
study. One patient was excluded due to concurrent
chemotherapy and one was excluded due to the interval
between scanning and surgery being more than 4 weeks.
Six patients with multiple (conglomerate) unilobar
metastases were also excluded because the exact number
of metastases could not be counted by the reporting
pathologist. Thus, 84 patients were considered eligible for
inclusion the study.

There was complete agreement between pathological
findings and MRI scanning in 79 patients (101 metastases).
Histopathology identified a further 5 lesions in 5 patients
which had not been seen on MRI. Diameters of the missed
lesions were 2 mm (one lesion), 5 mm (three lesions) and
7 mm (one lesion). IOUS detected all lesions except the
single 2 mm lesion. Thus, the sensitivity of MRI scanning
in the detection of all metastases in this study is 94% and,

Diameter of No. detected No missed Sensitivity of
metastases by MRI by MRI MRI according

(mm) (true (false to diameter
positive) negative) of metastases

0–10 6 5 55%
11–20 27 0 100%
21–30 20 0 100%

Table 1 Sensitivity of MRI versus diameter of metastases

Figure 1 (A) CT and (B) MRI from the same patient with colorectal
cancer demonstrating the clarity of MRI in the detection of the liver
metastases.

A

B
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if sub-centimetre lesions are excluded, this rises to 100%
(Table 1).

Each patient in this series has been on regular post-
hepatectomy follow-up with ultrasonography, CEA meas-
urement and chest radiography every 6 months for 2 years
and then yearly for up to 5 years. Of the 84 patients, 49
(58%) have had recurrent disease; of these, 19 patients had
extrahepatic recurrence, 18 had extrahepatic and hepatic
recurrence and 12 had liver-only recurrence (none had
recurrence at the resection margins) and of these, 5
patients have undergone repeat hepatic resections.

Discussion

This study is a direct comparison between histopathology
and MRI and does not attempt to compare other imaging
modalities (although all patients underwent CT and IOUS).
We have shown that MRI is capable of a very high degree of
sensitivity for detecting colorectal liver metastases and this
imaging modality did not miss any lesions larger than 7 mm
in diameter in this series. The specificity of this technique
could not be assessed as patients with no metastases on MRI
of the liver were not operated upon; neither is it possible to
comment on the negative predictive value of this test. Of
patients who were deemed inoperable, 54% had extra-
hepatic disease and 46% had extensive hepatic recurrence.
These patients were not primarily operated upon but were
referred for chemotherapy and only a small minority of the
latter group were successfully down-staged. These patients
were excluded from analysis for the purposes of this study
due to the artefact introduced by the severe fatty change
associated with chemotherapy. All the rest of patients in this
group developed progressive disease which may serve as an
indirect verification of the accuracy of diagnosis on MRI.

We have used a direct comparison with pathological exam-
ination rather than intra-operative ultrasound because we felt
that pathology was likely to be highly accurate and much more
objective as a reference standard. Intra-operative ultrasound
was performed in each case and guided the hepatectomy but
we have not used it as a benchmark due to the inherent sub-
jectivity and possibility of operator error associated with the
technique. The fact that IOUS did detect four lesions not seen
on MRI underlines the importance for its use as an adjunct at
the time of resection. A previous study examining the value of
IOUS and MRI showed that IOUS provided additional informa-
tion in 48% of patients and changed the surgical strategy in
18% of patients.13 We found IOUS valuable in identifying
hepatic anatomy intra-operatively but the additional number
of lesions detected was small.

We excluded patients undergoing repeat hepatic resections
to obviate the effect of any imaging artefacts caused by previous
hepatic surgery. Patients undergoing concurrent chemotherapy
and those with an interval between MRI and surgery of more

than 4 weeks were excluded to exclude the effect of tumour
reduction or increase in size of the metastases.

The issue of microscopic disease (not visible on conven-
tional scans) can only be addressed by follow-up in these
patients. The majority of patients who had recurrent dis-
ease in this study had extrahepatic recurrence and they pre-
sumably had microscopic disease in the liver and else-
where. Only a small number had liver-only recurrence; all
were away from the resection margin indicating that these
were ‘true’ microscopic deposits and not residual disease
present at the time of the resection.

Conclusions

These findings suggest that MRI is a highly sensitive
method of pre-operative imaging of colorectal liver
metastases and should be considered the ‘gold standard’ for
this purpose, accepting that experienced interpretation is a
pivotal factor in achieving such a high degree of sensitivity.
Acceptance of MRI as the gold standard for liver-specific
imaging will have economic and logistical implications,
especially if its use is extended to the staging and follow-up
of patients before and after resection of primary colorectal
cancer. A recent Cochrane review demonstrated evidence
that there is a survival benefit for patients undergoing liver
imaging versus those that did not;14 however, these studies
used liver CT or ultrasound. Whether the use of MRI in liver
follow-up will improve this survival benefit needs to be
addressed with randomised studies.
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e-Letters – new additions doi 10.1308/003588408X261500

Since the last issue of the Annals, the following letters have been published on our website
<http://www.rcseng.ac.uk/publications/eletters/>:

An audit of training in laparosopic appendicectomy in the South Thames region – 1 response

Pneumothorax, pneumomediastinum, pneumoperitoneum, pneumoretroperitoneum and
subcutaneous emphysema following diagnostic colonoscopy – 1 responses

Is describing fractures a dying art? – 1 response

New on-line only case reports

You can access the case reports by using your College-issued Athens username and password to enter the members’ area
of the College website (<www.rcseng.ac.uk/members/annals/>) and following the link to the Annals.

Alternatively, if you type the following URL into the address bar of your web browser <http://dx.doi.org/> and then enter the
DOI in the dialogue box presented on this web page, you will be taken directly to the abstract of the article.

Case report: Sub-trochanteric fracture of the femur following electric shock doi 10.1308/147870808X257157

S-J RHEE, GK REDDY, DS HOLDER, FS HADDAD

Incidental finding of renal cell carcinoma in recurrent doi 10.1308/147870808X257157

retroperitoneal liposarcoma
JML WILLIAMSON, TC KÖNIG, R CANELO




