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Health-economic evaluation of three imaging

strategies in patients with suspected

colorectal liver metastases:

Gd-EOB-DTPA-enhanced MRI vs. extracellular

contrast media-enhanced MRI and 3-phase

MDCT in Germany, Italy and Sweden

Abstract The purpose of this study
was to perform an economic evalua-
tion of hepatocyte-specific Gd-EOB-
DTPA enhanced MRI (PV-MRI)
compared to extracellular contrast-
media-enhanced MRI (ECCM-MRI)
and three-phase-MDCT as initial
modalities in the work-up of patients
with metachronous colorectal liver
metastases. The economic evaluation
was performed with a decision-tree
model designed to estimate all aggre-
gated costs depending on the initial
investigation. Probabilities on the
need for further imaging to come to a
treatment decision were collected
through interviews with 13 pairs of
each a radiologist and a liver surgeon
in Germany, Italy and Sweden. The

rate of further imaging needed was
8.6% after initial PV-MRI, 18.5% after
ECCM-MRI and 23.5% after MDCT.
Considering the cost of all diagnostic
work-up, intra-operative treatment
changes and unnecessary surgery, a
strategy starting with PV-MRI with
959 € was cost-saving compared to
ECCM-MRI (1,123 €) and MDCT
(1,044 €) in Sweden. In Italy and
Germany, PV-MRI was cost-saving
compared to ECCM-MRI and had
total costs similar to MDCT. In
conclusion, our results indicate that
PV-MRI can lead to cost savings by
improving pre-operative planning and
decreasing intra-operative changes.
The higher cost of imaging with PV-
MRI is offset in such a scenario by
lower costs for additional imaging and
less intra-operative changes.

Keywords Liver imaging . MRI .
CT . Contrast media . Cost .
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Introduction

In a time of limited health-care resources it is important to
compare not only the sensitivity and the specificity of new
diagnostic techniques, but also the impact of the procedure
on decision-making, clinical outcomes and costs. Evaluation
of sensitivity and specificity alone does not provide the
information required to decide whether or not a new

technology should be implemented [1]. In particular, the
cost of a single diagnostic investigation should not be viewed
in isolation. The need and cost of further imaging to come to
a treatment decision should also be taken into consideration,
as well as the effects on the pre-operative planning and the
frequency of changes in operative plans during surgery.

The liver is a common site of metastases from
colorectal carcinoma [2, 3]. High precision in detecting,
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localizing and characterizing liver lesions is important,
because the treatment decision may have consequences
for the prognosis of the patient with regard to both life
expectancy and quality of life. Since surgical resection
of colorectal liver metastases (CLM) is the only
potentially curative treatment, an important goal of the
diagnostic work-up is to identify those patients who
would benefit from surgery [2]. More accurate imaging
may also have economic consequences, as pre-operative
planning is improved and unnecessary surgery can be
avoided [4].

Gd-EOB-DTPA (gadoxetic acid disodium; Primovist®,
Eovist® in the US, EOB-Primovist® in Japan) is a
gadolinium-based paramagnetic diagnostic contrast agent
used in the detection, localization and characterization of
focal liver lesions with magnetic resonance imaging
(MRI) [5, 6]. Gd-EOB-DTPA is taken up by hepatocytes
in healthy liver tissue in an amount of about 50% of
injected dose, and because malignant primary and
secondary tumours usually do not contain functioning
hepatocytes as a result of the contrast effect the lesions
will appear as dark areas against healthy liver parenchy-
ma. Clinical trials have shown that Gd-EOB-DTPA
increases the accuracy of lesion detection and character-
ization compared with spiral computed tomography (CT)
[5–10]. The increase in detected lesions as compared to
biphasic spiral CT in a general population has been given
with up to 10% by a recent publication by Hammerstingl
et al. [9].

The objective of this study was to perform an economic
evaluation of Gd-EOB-DTPA-enhanced MRI as a pre-
operative diagnostic tool in patients with CLM. Of
particular interest in the health–economic model was the
need for further diagnostic imaging to come to a treatment
decision, and the costs for modified surgical procedures
and unnecessary surgery with Gd-EOB-DTPA-enhanced
MRI (PV-MRI) compared to three-phase multidetector CT
(MDCT) and extracellular contrast media-enhanced MRI
(ECCM-MRI).

Methods

Model for diagnostic evaluation of metachronous
colorectal liver metastases

A decision-tree model was developed to compare different
diagnostic options for the evaluation of CLM in patients
with a history of colorectal cancer and known or suspected
metachronous liver metastases. The model takes as its
starting point cases where further imaging is needed after
follow-up staging with monophasic CT, i.e. when it is not
clear whether or not the patient is eligible for potentially
curative resection. The model compares three alternative
imaging modalities: (1) MDCT (2) ECCM-MRI (3) PV-
MRI.

Expert panel and interviews

The decision model was developed and validated at three
expert panel meetings in 2006 and 2007, with physicians
invited from Italy, Germany, Sweden, Ireland and Japan.
During the first meeting, the CLM decision-tree structure
was developed, during the second meeting the decision-
tree model was validated, and the third meeting was used in
order to clarify any unresolved issue. The probabilities for
different clinical courses in the complete decision-tree were
established through in-depth interviews with 13 pairs of
physicians (each with one radiologist and one liver
surgeon): five pairs in Germany, five in Italy and three in
Sweden. The 26 physicians participating in the interviews
were recruited from university hospitals and generally had
long experience as radiologists and liver surgeons.

During each of the 13 interviews the decision-tree was
displayed on three posters, with one arm of the decision-
tree represented on each poster, i.e. one poster for MDCT,
one poster for ECCM-MRI and one poster for PV-MRI as
the initial imaging strategy. Probabilities associated with
each arm of the decision-tree were calculated by taking the
average of the probabilities estimated in the physician
interviews. The results were presented at the third expert
panel meeting, where any areas of uncertainty were
discussed and resolved.

The structure of the decision-tree model is shown in
Fig. 1. The model has been simplified by using clones for
elements that appear repeatedly in the tree (clones are
copies of a certain decision-tree structure, but may differ
from each other in terms of probabilities and outcomes).
Some branches in the tree were not relevant for all
diagnostic options. Technically, these issues were handled
by setting the probability of unrealistic diagnostic options
to zero in the decision-tree.

Cost estimations

Costs were estimated from a health-care payer perspective,
and included only direct medical costs. Costs for single CT
and MRI procedures were found in price lists published by
the German Hospital Federation for Germany [11], the
Lombardy Regional Tariffs for Italy [12], and regional
hospital price lists for Sweden [13] (see Table 1). The
prices for contrast agents in Germany were obtained from
current sales prices to hospitals according to the pharma-
ceutical database Ifap index [14], in Italy from current sales
prices to hospitals according to Italian National Drug
Agency product list [15] and in Sweden from the national
Swedish pharmaceutical reference book [16].

The costs for liver surgery were based on the time in
the operating theatre (anaesthesia time), time in intensive
care and the number of hospital days. In this way we
could estimate the costs for different types of surgical
resection of CLM (high risk or low risk; modified or
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confirmed surgical plan, or no resection) that are needed
for the decision-tree model. Low-risk resection was
defined as a standard (or minor) resection involving at
most four liver segments with 40% or more of functional
liver parenchyma remaining after surgery. High-risk
resection was defined as an extended (or major) resection
involving more than four liver segments with less than
40% functional liver parenchyma remaining after
surgery.

We asked the surgeons participating in the interviews
for the typical time required for each type of surgery
(high risk, low risk, with confirmed or modified plan).
We also asked about the typical number of days in
intensive and in standard inpatient care after each type of
intervention. The costs for standard and intensive hos-
pital care in Germany were estimated based on data from
health insurance and DRG costs, respectively [17, 18], in
Italy from other published sources [19, 20] and in
Sweden from hospital price lists (see Table 1). Both the
DRG costs and the costs from hospital price lists
represent the amount the hospitals are paid for perform-
ing these services. The cost per minute in the operating
theatre was not directly available in any official price
lists in Germany and Italy, but was possible to calculate
based on DRG and per diem costs for liver surgery in
combination with data on the length of stay for relevant
DRGs [18, 21]. In Sweden, the cost per minute of
anaesthesia was directly available in hospital price lists
[13], as were the costs for standard and intensive hospital
care [13, 22].

Results

The possible outcomes after initial imaging and the
distribution of patients based on average values from the
interviews are shown in Figs. 2 and 3, respectively.
According to these estimates, the proportions of patients in
the “resectable high-risk”, “unresectable” and “no malig-
nant lesions found” categories were higher with PV-MRI in
comparison to both MDCT and ECCM-MRI. The need for
further diagnostic tests was considerably lower with PV-
MRI than with the other diagnostic modalities.

In patients considered to be eligible for hepatic resection
and scheduled for low risk resection, the proportions of
“confirmed surgical plans” were estimated to be higher and
the proportions of “modified surgical plans” lower

Table 1 Unit costs for imaging and surgery (€)

Cost item Costs Costs Costs References
Germany Italy Sweden

Contrast media

Omniscan™ (gadodiamide) 50.84 47.68 46.30 [14–16]

Magnevist™ (gadopentate dimeglumine) 43.57 57.13 47.72 [14–16]

MultiHance™ (gadobenate dimeglumine) 66.24 59.50 55.43 [14–16]

ProHance™ (gadoteridol) 53.73 49.94 46.20 [14–16]

Average extracellular 53.60 53.56 48.91

Primovist™ (gadoxetic acid disodium) 167.90 162.00 173.70 [14–16]

Imaging procedures

Cost of contrast-enhanced MRI 377.95 259.70 544.46 [11–13]

Cost of PV-MRI 492.25 368.44 669.25

Cost of contrast-enhanced MDCT 223.33 164.75 423.70 [11–13]

Costs for liver surgerya

Cost per minute of anaesthesia 20.39 23.76 16.96 [13, 18, 21]

Cost per day in standard hospital care 240.08 245.30 437.17 [13, 17, 20]

Cost per day in intensive care unit 1,742.30 1,000.00 2,608.70 [18, 19, 22]

MRI magnetic resonance imaging, PV-MRI Primovist-enhanced MRI, MDCT multidetector computed tomography
aCosts not available as national DRGs; for cost calculation see text
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Fig. 2 Tree structure after initial imaging. ECCM extracellular
contrast media-enhanced MRI, MDCT multidetector computed
tomography, PV-MRI Primovist-enhanced MRI, MRI magnetic
resonance imaging. Plus signs indicate that the decision tree
continues at these points
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following initial imaging with PV-MRI than with MDCTor
ECCM-MRI (Figs. 4 and 5). The rate of intra-operatively
detected unresectable patients was also lower following
PV-MRI compared with alternative imaging modalities.
The estimations for MDCT and ECCM-MRI were very
similar, and an average for these two modalities was used
in the model.

There were two options in the model if a high-risk
resection was indicated after initial imaging: either the
patient proceeds directly to surgery, or confirmatory
diagnostic tests with PV-MRI could be performed
(Fig. 6). The mean proportion of patients estimated to be
in each branch, according to the initial imaging investiga-
tion, is shown in Table 2. If PV-MRI was used initially,
however, only the direct surgery branch would be used and
not a second PV-MRI. It was estimated that about 40% of
patients would require confirmatory imaging with PV-MRI
when MDCT- or ECCM-enhanced MRI were used as the
initial imaging investigation.

In case further diagnostic testing was required after
initial imaging, for both initial MDCT and ECCM-MRI,

PV-MRI was the preferred imaging test, with 94.6% going
to PV-MRI after MDCT, and 74.5% going to PV-MRI after
ECCM-MRI. For both initial MDCT and ECCM-MRI, a
number of patients with “no malignant lesions” could be
identified at confirmatory imaging, whereas it was
estimated that these could be detected at an earlier stage
with PV-MRI. The experts estimated that patients would
rarely proceed directly to laparotomy after initial MDCT,
while this option would be pursued in 10% of patients after
initial ECCM-MRI and in 50% after initial imaging with
PV-MRI. The mean proportions are shown in Table 3.

The estimated time required for surgery and hospital-
ization is presented in Table 4 for low-risk and high-risk
surgery, and for different intra-operative scenarios, i.e.
confirmed surgical plan, modified surgical plan and
patients in whom unresectability was determined with
IOUS and palpation only during surgery. In Fig. 7 the costs
of surgery and hospitalization based on the time estima-
tions are shown.

The results showed that the total costs for the whole
imaging strategy, i.e. including all modalities needed to
come to a therapy decision, were lowest using MDCT as
initial imaging investigation in Germany (375 €) (Table 5).
This was primarily due to a lower cost for the initial MDCT
procedure (223 €). The imaging strategies starting with
ECCM-MRI and PV-MRI as initial imaging modalities had
about equal total cost, with 498 € for ECCM-MRI and
502 € for PV-MRI (Table 5). It is worth noting that the
proportion of further imaging as percentage of the total cost
of imaging was by far the lowest for the PV-MRI-imaging
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strategy with 2.0% (1.8+0.2%), and the highest for the
MDCT imaging strategy with 40.5% (39.2+1.3%).The
results for Italy and for Sweden were similar, but
the general cost level for imaging was a little lower in Italy
and a little higher in Sweden compared to the results in
Germany (Fig. 8).

In Germany and Italy, the PV-MRI imaging strategy had
a higher total cost of imaging than either MDCTor ECCM-
MRI, but when taking the cost of modified or unnecessary
surgical procedures into account, the total cost was lower

for the PV-MRI imaging strategy than for the ECCM-MRI
and the cost difference compared to MDCT was also
substantially reduced. In Sweden, the savings due to
modified or unnecessary surgical procedures were so large
that overall the PV-MRI imaging strategy was less
expensive than MDCT. In Germany and Italy the total
cost with PV-MRI as initial imaging was lower than for
ECCM-MRI and comparable to MDCT. The reasons
behind these savings are explained by the distribution of
confirmed and modified resections in Fig. 9. The rate of
confirmed surgical plan was around 5–10% higher for PV-
MRI than for MDCT and ECCM-MRI as initial imaging
modalities. The rate of no resection was lower with PV-
MRI, because a larger proportion of unresectable cases
were identified already prior to surgery (Fig. 3).

Discussion

The model was based on mean values estimated from a
limited number of interviews with medical expert pairs of
each a radiologist and a liver surgeon. This means that there
is some uncertainty concerning the generalizability of the
results, and that the results may also be sensitive to
selection bias. Most of the physicians worked at large
university hospitals and were very experienced, which puts
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them in a good position to make an estimate of the
diagnostic accuracy of PV-MRI in clinical practice
compared to MDCT and ECCM-MRI.

An almost inevitable aspect of comparative investiga-
tions, no matter whether it is a clinical trial or a health–
economic model, is to impose some restrictions on the
number of clinical options available to clinicians. In this
model, more options could have been included, e.g.
contrast-enhanced ultrasound or positron emission tomo-
graphy (PET) combined as PET-CT, but increasing the
number of diagnostic options would have made the health–
economic model difficult to work with, as an increased
number of options will multiply the number of alternative
diagnostic pathways. Already with the current model, it was
often challenging for the expert pairs to assign probabilities
to all branches of the decision-tree during the 3-h
interviews. We therefore limited the number of options in
the model to the most relevant comparators for PV-MRI.

In order to avoid restricting the choice of diagnostic
options too much after initial imaging, PV-MRI can be
used for further imaging in the MDCT and ECCM-MRI
arms of the model. However, this means that the analysis
may not fully capture the potential benefits of PV-MRI
over MDCTand ECCM-MRI, as PV-MRI is to some extent
compared with itself. As a result, the differences in
outcomes between the three imaging strategies will tend
to be smaller than if the comparison had been based on only
one type of imaging investigation in each arm. On the other
hand, the purpose of the economic evaluation was to
compare PV-MRI to ECCM-MRI and MDCT as initial
imaging strategy, rather than directly comparing the
different diagnostic modalities with each other.

Table 3 Scenarios if further diagnostic is needed after initial
imaging

Scenarios Initial imaging

MDCT ECCM-MRI PV-MRI

Further imaging (proportion; %)

MDCT – 15.5 45.5

Resectable low risk – 28.1 30

Resectable high risk – 24.1 23

Unresectable – 11.8 10.1

No malignant lesions – 3.5 0

No certainty – 32.5 36.9

ECCM-MRI 5.0 – 4.5

Resectable low risk 22.4 – 16.7

Resectable high risk 14.6 – 33.3

Unresectable 11.5 – 13.3

No malignant lesions 10.3 – 0

No certainty 41.3 – 36.7

PV-MRI 94.6 74.5 –

Resectable low risk 32.5 31.9 –

Resectable high risk 29.3 33.2 –

Unresectable 14.9 16.5 –

No malignant lesions 12.5 6.3 –

No certainty 10.8 12.2 –

Laparotomy/IOUS 0.4 10 50

Low-risk surgery 0 50 32.9

High-risk surgery 80 30 37.9

No malignant lesions 0 – 1.4

No resection/BSC 20 20 27.9

MDCT multidetector computed tomography, ECCM-MRI extracel-
lular contrast media-enhanced MRI, PV-MRI Primovist-enhanced
MRI; MRI magnetic resonance imaging

Table 2 Scenarios for confirmation of high-risk surgery indicated
after initial imaging with MDCT, ECCM-MRI or PV-MRI

Scenarios Initial imaging

Proportion (%) MDCT ECCM-MRI PV-MRI

PV-MRI 37.4 39.9 –

Resectable low risk 7.8 9.4 –

Resectable high risk 71.7 71.7 –

Unresectable 15.4 13.1 –

No certainty 5.2 5.8 –

Surgery/IOUS 62.6 60.1 100

Confirmed surgical plan 61.4 61.4 79.2

Modified surgical plan 21.7 20.7 12.8

No resection 16.9 16.9 8.1

ECCM-MRI extracellular contrast media-enhanced MRI, MDCT
multidetector computed tomography, PV-MRI Primovist-enhanced
MRI, MRI magnetic resonance imaging

Table 4 Surgery and hospitalization time

Low-risk
surgery

High-risk
surgery

Confirmed surgical plan

Surgery time in minutes 167.8 257.7

Hospitalization in days

Standard care 8.2 10.2

Intensive care 1 2.2

Modified surgical plan

Surgery time in minutes 212.7 302.7

Hospitalization in days

Standard care 8.8 10.7

Intensive care 1.1 2.3

No resection/BSC

Surgery time in minutes 81 81

Hospitalization in days

Standard care 6.6 6.6

Intensive care 0.2 0.5

BSC best supportive care
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This was mainly a cost study, but cost minimization is
not the primary objective in medical care. It is therefore
worth noting that we have not taken into account the
clinical benefits for patients due to higher diagnostic
accuracy. Since better diagnostic precision leads to more
patients correctly allocated to high-risk vs. low-risk
surgery, it is possible that also patient outcomes would be
affected by the choice of diagnostic strategy. As no long-

term clinical data are available for testing this hypothesis,
this was beyond the scope of the present study.

Relatively few comparable studies on health–economic
aspects of contrast agents in liver disease seem to have
been published [4, 23–26]. These have shown that contrast-
enhanced MRI has the potential to improve medical
management and save health-care costs compared with
contrast-enhanced CT, mainly due to the avoidance of
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Table 5 Cost of care depending on imaging strategy—Germany [€;(%)]

Initial MDCT Initial ECCM-MRI Initial PV-MRI

Cost per imaging modality depending on imaging strategy

PV-MRI procedures 147 [39.2] 114 [22.9] 492 [98.0]

MDCT procedures 223 [59.5] 6 [1.2] 9 [1.8]

ECCM-MRI procedures 5 [1.3] 378 [75.9] 1 [0.2]

Total cost of imaging 375 [100.0] 498 [100.0] 502 [100.0]

Cost of modified surgical procedures

High-risk surgery 49 [38.0] 51 [40.5] 38 [40.9]

Low-risk surgery 80 [62.0] 75 [59.5] 55 [59.1]

Total cost of modified surgery 129 [100.0] 126 [100.0] 93 [100.0]

Cost of unnecessary surgical procedures

High-risk surgery 87 [42.0] 83 [40.1] 39 [30.2]

Low-risk surgery 120 [58.0] 124 [59.9] 90 [69.8]

Total cost of unnecessary surgery 207 [100.0] 207 [100.0] 129 [100.0]

Total cost 711 831 724

PV-MRI Primovist-enhanced MRI, MDCT multidetector computed tomography, ECCM-MRI extracellular contrast media-enhanced MRI,
MRI magnetic resonance imaging
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unnecessary surgical procedures. A retrospective economic
evaluation of Mangafodipir trisodium (Teslascan®) in pre-
operative assessment of focal liver disease and tumours
was performed based on medical chart review [25]. The
findings from the study indicated that Teslascan® MRI was
more sensitive than contrast-enhanced CT in the pre-
operative prediction of the resectability of hepatic lesions,
which leads to cost savings, as many cases of unnecessary
surgery could be avoided.

In a recent study by Annemans et al. [4], the health–
economic impact of ferucarbotran-enhanced MRI in the
diagnosis of hepatic colorectal cancer metastases was
investigated. A decision-tree comparing diagnosis based on
contrast-enhanced spiral CT with ferucarbotran-enhanced
MRI was constructed. The analysis showed that in patients
receiving additional ferucarbotran-enhanced MRI investi-
gation, the total expected management cost amounted to
16,634 €, compared to 18,416 € for spiral CT-based
decision-making. Despite an initial extra cost of 338 € for
ferucarbotran-enhanced MRI, a significant net saving of
1,443 € was obtained compared to spiral CT, mainly
because of the avoidance of unnecessary surgery.

Economic evaluation of diagnostic agents is a field that is
still very much in development [1, 27]. This is a challenge
that clinical trials involving diagnostics tend to focus on
technical aspects such as sensitivity and specificity, while
the effect on subsequent diagnostic or treatment decisions is
generally not known. By studying the effects on subsequent
diagnostic work-up and surgical decisions, it would be
possible to investigate whether using a more accurate and
state-of-the-art initial diagnostic modality also leads to cost
savings that offset part or all of the higher acquisition cost.
In further research in the diagnostic field, it could therefore
be recommended to routinely include economic aspects of
the diagnostic work-up process when clinical trials are
planned. This would increase the amount of data gathered in
clinical trials, but in comparison with the large amount of
data already collected, the increases in data collection
needed for this purpose would be relatively small.

There are limitations in this study. As mentioned before,
a model is never able to depict the clinical reality with all its
possible choices and potential outcomes. With the help of
the expert panel consisting of radiologists working in
diagnostics, interventional radiologists and liver surgeons,
we tried to identify the most important options and

pathways for patients with metachronous liver metastases,
being aware that options such as local thermo-ablation or
neo-adjuvant chemotherapy have not been taken into
account. The input data collected in the structured inter-
views do not have the same grade of evidence as data from
a clinical trial. However, in the absence of comparative
health–economic clinical-trial data, we think that the
present data are of relevance for the radiological commu-
nity as a first step towards properly designed clinical trials
addressing the health–economic issues. In this respect the
results of a recent publication of a multicentre trial,
showing that PV-MRI changed the surgical strategy in
16.8% of patients (22/131) compared to biphasic spiral CT
[9], are coherent with our collected interview data.

In conclusion, the results of the interviews and the model
indicate that an imaging strategy with initial PV-MRI in
patients with suspected CLM has the potential to avoid
repeated diagnostic procedures by providing more accurate
information at an earlier stage in the diagnostic work-up.
Compared to doing MDCT initially, there was a moderate
additional cost of imaging when PV-MRI was used as
initial imaging. However, the total diagnostic cost was
lower for the imaging strategy with initial PV-MRI
compared to using ECCM-MRI as initial diagnostic
modality in Sweden and only a little higher than the cost
for ECCM-MRI in Germany and Italy. The results also
indicate that PV-MRI improves pre-operative planning and
decreases intra-operative changes in planning. This leads to
cost savings through shorter operative time, benefits for
patients by shorter anaesthesia time, and higher rate of
avoidance of unnecessary surgical procedures. If the cost
savings due to better pre-operative planning are taken into
account, PV-MRI as initial imaging investigation has costs
similar to MDCT, and is cost-saving compared to ECCM-
MRI. In addition, better diagnostic precision may lead to
more patients being allocated to the correct type of
treatment. Without clinical data, however, this advantage
is difficult to translate into cost savings or improved
outcomes for patients in terms of gains in life expectancy or
quality of life. These aspects would be important to
incorporate in further research.
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