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Abstract
Objective To assess the lesion detection performance of an abbreviatedMRI (AMRI-M) protocol consisting of ultrafast SE T2W,
DWI, and T1W-HBP at 20 min for colorectal liver metastasis (CRLM) surveillance.
Methods In this Institutional Review Board (IRB)–approved retrospective study, gadoxetic acid–enhanced MRI scans of 57
patients (43 with pathologically proven CRLMs) were assessed. Two readers independently evaluated two sets of images per
patient and commented on the number, location, and size of liver lesions. Set 1 included ultrafast spin-echo (SE) T2-weighted
(T2W) + T1-weighted (T1W) hepatobiliary phase (HBP) at 20 min sequences + diffusion-weighted imaging (DWI), and set 2
consisted of the standardMRI protocol. A maximum of 10 lesions per patient were recorded. Cohen’s kappa analysis, sensitivity,
areas under the curve (AUCs), and the MRI cost analysis of the AMRI-M protocol were assessed.
Results Between 198 and 209 lesions were assessed with each set of images. The inter-observer agreement for the abbreviated
protocol was reported excellent (κ = 0.91). The sensitivity and AUCs for the lesion characterization of AMRI-M protocol were
very high (over 90%) for both readers. No statistically significant differences in sensitivity (assessed by mixed-effects logistic
regression) and AUCs for lesion characterization (by ROC regression) were found between both protocols. The AMRI-M
acquisition time was estimated to be less than 10 min, which translated into 59% cost of standard MRI.
Conclusion Our proposed AMRI-M protocol (ultrafast SE T2W, DWI, and T1W-HBP at 20 min) is fast, low-cost alternative to
the standard MRI protocol and has a high lesion detection performance.
Key Points
• Gadoxetic acid–enhanced protocol has increased the accuracy, sensitivity, and specificity of MRI for detecting colorectal liver
metastases.

• Our proposed abbreviated MRI protocol is fast, low-cost alternative compared with the standard MRI protocol and has a high
lesion detection performance.

• Adoption of our protocol may translate to substantial savings for patients and payers.

Keywords Colorectal neoplasms . Liver . Gadolinium ethoxybenzyl DTPA .Magnetic resonance imaging

Abbreviations
AMRI-M Abbreviated MRI

CE-MRI Contrast-enhanced magnetic resonance imaging
CECT Contrast-enhanced computed tomography
CRC Colorectal cancer
CRLMs Colorectal liver metastases
DWI Diffusion-weighted imaging
HBP Hepatobiliary phase
HCC Hepatocellular carcinoma
IRB Institutional Review Board
SE Spin echo
T1W T1-weighted
T2W T2-weighted
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Introduction

Imaging plays a pivotal role in the detection, management, and
post-treatment surveillance of colorectal liver metastases
(CRLMs). Accurate staging is required to stratify patients who
would benefit from surgery, minimally invasive imaging-guided
therapy, radiotherapy, and/or pharmaceutical treatment [1, 2].

Ultrasound and contrast-enhanced computed tomography
(CECT) are historically first-line imaging tools for the assess-
ment of metastatic liver lesions [3]. However, these modalities
have a low sensitivity and specificity for the detection and
particularly characterization of liver lesions. These limitations
have paved the way for contrast-enhancedmagnetic resonance
imaging (CE-MRI), which has now become the modality of
choice in triaging patients with suspected CRLMs [4, 5].

The introduction of hepatobiliary contrast media, gadoxetic
acid, has further increased the accuracy, sensitivity, and spec-
ificity of MRI, which has an incremental value when com-
bined with CECT for detecting additional liver metastases,
especially in colorectal cancer (CRC) [6–9].

Nevertheless,MRI is still associated with long examination
and interpretation times, which increases the costs and limits
its routine use as a surveillance-imaging tool [10]. In order to
make MRI more accessible, there has been an increasing in-
terest in developing abbreviated MRI (AMRI) protocols,
which have been successfully utilized in hepatocellular carci-
noma (HCC) and prostate cancer screening [11–13]. The pur-
pose of our study is to assess whether an AMRI-M protocol
consisting of T1-weighted (T1W) hepatobiliary phase (HBP)
at 20 min, ultrafast spin-echo (SE) T2-weighted (T2W) acqui-
sition, and a diffusion-weighted imaging (DWI) has a similar
lesion detection performance compared with standard
gadoxetic acid–enhanced MRI protocol for CRLM
surveillance.

Materials and methods

This retrospective study was approved by the Institutional
Review Board (IRB), which waived the requirement for pa-
tient informed consent, and was conducted in accordance with
the Health Insurance Portability and Accountability Act
guidelines for research.

Patients

Patients with history of CRC who underwent MRI-based sur-
veillance for liver metastases were included in the study. The
inclusion criteria were as follows: patients with pathologically
proven CRLMs who had undergone a standard gadoxetic
acid–enhanced MRI of the abdomen (only one and the first
MRI was included for each patient—index MRI). The exclu-
sion criteria were patients who underwent surgery or ablative

procedures prior to index MRI and patients who had no
follow-up imaging studies (CECT, CE-MRI, and/or positron
emission tomography-CT).

Initial electronic search in our database for pathology re-
ports containing the words Bhepatectomy,^ Bliver biopsy,^
and Bcolorectal cancer^ resulted in a total of 136 entries be-
tween January 2011 and July 2017. From this initial cohort, all
patients who had not undergone gadoxetic acid–enhanced
MRI were excluded (n = 74). Furthermore, all patients with
more than 10 liver lesions (n = 12) and who underwent inva-
sive treatment prior to the indexMRI were also excluded (n =
7). Patients who had undergone a standard gadoxetic acid–
enhanced MRI of the abdomen (regardless of the primary
tumor) and did not have any liver lesion formed our control
group. These patients were not subjected to inclusion or ex-
clusion criteria.

A total of 43 patients (mean age 53 years ± 13.2) with co-
lorectal liver metastases and 14 patients (mean age 53 years ±
18.3) without identifiable colorectal liver metastases formed
the final cohort. A flowchart showing patient selection is pro-
vided in Fig. 1.

MRI technique

All patients underwent dynamic CE-MRI of the abdomen per-
formed on a 1.5-T (n = 45; Signa HDxt GE Medical Systems
andMagnetomAvanto, Siemens Healthcare) or 3.0-T (n = 12;
Discovery 750MR GEMedical Systems and Magnetom Trio,
Siemens Healthcare) scanners. Patients were positioned su-
pine with a phased array receiver coil covering the upper ab-
domen. The T2W sequences included a breath-hold coronal
ultrafast SE and an axial fast spin echo (FSE) with fat satura-
tion. T1W in-phase and out-of-phase sequences were also in-
cluded. DWI was acquired with b values ranging from 0 to
1000 s/mm2. ADC maps were generated by a mono-
exponential function using b values ranging from 0 to
1000 s/mm2. The axial T2W and DWI sequences were ac-
quired post-contrast. The dynamic contrast-enhanced images
were obtained with gadoxetic acid (Primovist®, Bayer
Healthcare Pharmaceuticals) using T1W fat-suppressed se-
quences: precontrast, arterial-phase (25–35 s), portal-phase
(60 s), late-phase (3 min), early hepatobiliary phase (5–
8 min), and delayed hepatobiliary phase (15–20 min) images.
A total contrast volume of 10 ml was administered intrave-
nously by automatic power injector at a rate of 1 ml/s followed
by 20 ml saline flush. The image acquisition protocol is sum-
marized in Tables 1 and 2. The scan acquisition time for our
standard gadoxetic acid–enhanced MRI protocol ranged from
35 to 45 min. Considering ultrafast SE T2W sequence takes
around 30 s, DWI around 4 min, and T1W-HBP (axial and
coronal) around 1 min to be completed, the proposed AMRI-
M protocol has an estimated scanner time of less than 10 min,
assuming patients will be manually injected outside the
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scanner room and all sequences will be acquired approximate-
ly 20min after the injection of contrast. If the time required for
patient setup (around 5 min) had been added to the scanner
time, the time spent by a patient in the scanner room would
have been less than 15 min. In order to optimize MRI
workflow and eliminate delays associated with gadoxetic acid
contrast uptake, a flowchart is provided in Fig. 2.

Current literature supports that T2W and DWI sequences
can be acquired after the injection of gadoxetic acid without
significant changes in lesion detectability [14].

Image analysis

Two radiologists (RC and MP, with 9 and 6 years of experi-
ence in abdominal imaging interpretation, respectively) inde-
pendently reviewed all images on a PACS workstation (Impax

4.0; Agfa). Both readers were aware of patient’s diagnosis
(cancer) but were blinded to all other clinical information.

In order to simulate an AMRI protocol, each reader inde-
pendently reviewed two sets of sequences per patient. The first
set included T1W-HBP at 15–20 min (coronal and axial
planes), ultrafast SE T2W (coronal plane) sequences, and
DWI. The second set of images, including all sequences of
the standard gadoxetic acid–enhanced MRI protocol, was
assessed 4 weeks after the assessment of the first set in order
to eliminate any recall bias.

Even though we decided to use delayed T1W-HBP at
15–20 min in the imaging sets as opposed to T1W-HBP at
10 min, recent literature has suggested that the latter can
have a similar detection capability for CRLMs [15–17].
Nevertheless, the scan acquisition time would not be af-
fected by any of them.

Table 1 MRI acquisition parameters

Sequence TR/TE Flip angle (°) Section
thickness (mm)

Field of view (mm) Matrix

T1-weighted 3D 3.27/1.19 25 3.5 300 × 400 256 × 154

T1-weighted in-phase (GRE) 8.232/4.168 12 5.0 400 320 × 192

T1-weighted out-of-phase (GRE) 8.232/2.084 12 5.0 400 320 × 192

Balanced GE T2-weighted 3706/1.6 45 6.0 440 320 × 256

FSE T2-weighted with fat saturation 6316/113.5 90 5.0 420 512 × 256

Ultrafast SE T2-weighted 1178/141 90 6.0 440 384 × 192

DWI (B50, B400, B800) 6000/60 90 6.0 296 × 379 192 × 120

GRE, gradient echo; FSE, fast spin echo; DWI, diffusion-weighted imaging; TR, repetition time; TE, echo time

Fig. 1 Flowchart shows
derivation of study cohort
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Due to improvements in image quality of DWI [18] and its
higher sensitivity for the detection of liver metastases, the low b
values can serve as a replacement for FSET2Wsequence. This is
well supported by the published literature [19, 20], and there has
been an increasing clinical adoption of this practice. This is one
of the reasons we decided not including FSE T2W sequence in
our abbreviated protocol. Moreover, ultrafast T2W sequence can
assess the characterization of cysts and hemangiomas, and the
high b values of DWI can help characterizing solid lesions.

Although we included ultrafast T2W and DWI sequences
in our AMRI-M, one should be free to include FSE T2W
sequence over ultrafast T2W sequence (at the cost of in-
creased MRI acquisition time) for a similar abbreviated
protocol.

Lesion detection

Each reader recorded the number of all liver lesions, segmen-
tal location (Couinaud classification of hepatic segments) with
corresponding slice number, and lesion size (largest diameter)
for up to 10 lesions on the first and second set of images. All
lesions were individually annotated.

Lesion characterization

Both readers also characterized each lesion as malignant (met-
astatic lesion) or benign (cysts, hemangiomas, adenomas, or
focal nodular hyperplasia).

As fewer sequences were included on the AMRI-M proto-
col, we decided to assess whether our protocol would be able
to differentiate malignant from benign lesions rather than try
to provide a definitive diagnosis for each lesion.

A malignant lesion was diagnosed on AMRI-M as follows:
(1) when a hypointense lesion on T1W-HBP at 20 min
showed restricted diffusion on DWI images and/or (2) when
a hypointense lesion on T1W-HBP at 20 min showed a signal
intensity different from cysts/hemangiomas on ultrafast SE
T2W sequence (Figs. 3 and 4).

Reference standard

All patients, with the exception of control group, had a path-
ologically proven metastatic disease by means of percutane-
ous biopsy (n = 19) or liver resection (n = 24). For all lesions
without histopathological examination, the standard gadoxetic
acid–enhancedMRI protocol and all available follow-up stud-
ies (CECT, CE-MRI, and/or positron emission tomography-
CT) were used to provide the correct number of liver lesions
and to accurately characterize them as malignant or benign.

The median time and interquartile range between the index
MRI and the follow-up studies were 70 and 72 days,
respectively.

MRI cost analysis

Based on 2017 Medicare reimbursement (Healthcare
Common Procedure Coding System [HCPCS] codes
74182), the total cost of standard CE-MRI was assessed with
breakdown of technical and professional components. The
cost of AMRI-M was estimated by keeping constant the cost
of professional component and reducing by half the cost of
technical component (which was conservatively assumed to
be half of standard CE-MRI). A similar approach to estimate
the cost of an AMRI protocol for HCC detection has been
recently published [12].

The number of follow-up studies (MRI of the abdomen)
was also assessed for each patient in our cohort. The mean
number of follow-up imaging studies and the estimated cost
savings were assessed, assuming that all patients had under-
gone AMRI-M protocol for surveillance.

Statistical analysis

Continuous variables were presented as mean ± standard de-
viation (SD). Intra- and inter-observer agreements between the
readers were assessed with Cohen’s kappa statistics. A kappa
≤ 0.20 was regarded as poor, 0.21–0.40 fair, 0.41–0.60

Table 2 Sequences included in
both protocols Standard MRI

protocol
Abbreviated MRI
protocol

Ultrafast SE T2-weighted (coronal) ✓ ✓

Balanced GE T2-weighted (coronal) ✓ ✗

Fast SE w/ fat saturation T2-weighted (axial) ✓ ✗

DWI (B0-B1000; axial) ✓ ✓

GRE T1-weighted in-phase and out-of-phase (axial) ✓ ✗

3D T1-weighted w/ fat saturation precontrast, 25–35 s, 70 s, 3 min,
5–10 min post-contrast (axial)

✓ ✗

3D T1-weighted w/ fat saturation 15–20 min post-contrast (axial and
coronal)

✓ ✓

Acquisition time 35–50 min < 10 min

GE and GRE, gradient echo; FSE, fast spin echo; DWI, diffusion-weighted imaging
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moderate, 0.61–0.80 good, and > 0.80 excellent agreement
[21]. The sensitivity of the AMRI-M was obtained for each
reader. The cost of the MRI examinations was also estimated.

Ninety-five percent confidence intervals (95% CI) were used
for statistical inference and adjusted for clustering [22].
Differences in sensitivities between both protocols were assessed
by mixed-effects logistic regression. Areas under the curve
(AUCs)—and their differences—were constructed for the assess-
ment of lesion characterization using a nonparametric analysis of
clustered data (receiver operating characteristic regression).

All statistical analyses were performed using SPSS (ver-
sion 25.0, IBM Corp.) and STATA (version 15.1, StataCorp).
P values < 0.05 were considered to indicate statistical
significance.

Results

Lesion detection

A total of 57 patients were included in the study, 28 males
(54 years ± 13.3) and 29 females (54 years ± 15.8). Patient
demographics are summarized in Table 3. Between 198 and
209 lesions were assessed by each reader per protocol. The
mean lesion size was 18 ± 12 mm.

The standard MRI protocol detected 210 liver lesions.
Reader 1 detected 198 lesions on the AMRI-M protocol and
198 lesions on standard protocol. Reader 2 detected 202 le-
sions on AMRI-M protocol and 209 lesions on standard pro-
tocol. No false positive lesions were detected on the control
group.

Intra- and inter-observer assessment

The intra-observer agreement was reported excellent for both
readers (κ = 0.91 and κ = 0.92) along with the inter-observer
agreement for the abbreviated protocol (κ = 0.91). Amongst
lesions in which there was no agreement, 75% (12/16) mea-
sured less than 10 mm.

Lesion characterization

The standard MRI protocol detected 210 liver lesions (169
malignant, 37 benign, and 4 indeterminate); 108/210
(51.4%) were greater than 10 mm, of which the vast majority
was malignant (103/108). One hundred two out of 210 lesions
were less than or equal to 10 mm; the majority was also ma-
lignant (68/102). Amongst the indeterminate lesions, all of
them measured less than 10 mm. The reference standard
helped characterizing them as 2 malignant and 2 benign le-
sions. However, for the assessment of the AUCs, these 4 le-
sions were removed from the AMRI-M analysis and consid-
ered missed diagnosis for the standard protocol analysis. On
per lesion basis, the sensitivity of standard MRI protocol was
100% (95% CI [1.00–1.00]).

Reader 1 detected 198 lesions on the AMRI-M protocol
(165 malignant and 30 benign); 3 of them represented partial
volume artifact (false positives). On per lesion basis, the sen-
sitivity was 92.8% (95% CI [0.88–0.95]). For lesions greater
than 10 mm, reader 1 detected all and accurately characterized
104 out of 108. For lesions less than or equal to 10 mm, reader
1 detected 87/102 and correctly characterized 81 out of 85 (2
indeterminate lesions).

Fig. 2 Flowchart shows an optimized workflow for the AMRI-M
protocol
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Reader 2 detected 202 lesions on the AMRI-M protocol
(163 malignant and 35 benign); 4 of them represented partial
volume artifact (false positives). On per lesion basis, the sen-
sitivity was 94.2% (95% CI [0.89–0.97]). Amongst lesions
greater than 10 mm, reader 2 detected 106 lesions and correct-
ly characterized 105 of them. For lesions less than or equal to
10 mm, reader 2 detected 92/102 and correctly characterized
85 out of 90 (2 indeterminate lesions).

After removing the indeterminate lesions, the lesions
missed by each reader, and the false positive lesions, the area
under the curve (AUC) of the AMRI-M protocol to character-
ize all detected and true liver lesions (regardless the size) was
90.7% (95%CI [0.72–0.99]) for reader 1 (n = 193) and 94.6%
(95% CI [0.86–0.99]) for reader 2 (n = 196). The AUC of the
standard MRI protocol was 96.8% (95% CI [0.90–1.00]).

We could not find evidence of statistically significant differ-
ences between the sensitivities of the AMRI-M and the full
standard MRI protocol (p > 0.05). Moreover, no statistically
significant differences were found between the AUCs of both
readers (p = 0.27), between reader 1 and standardMRI protocol
(p = 0.22), and between reader 2 and standard MRI protocol
(p = 0.10). Table 4 shows the results of the readers’ analysis.

The mean per patient sensitivity was estimated to be 93.7%
(95% CI [0.90–0.97]) for reader 1 and 95.2% (95% CI [0.92–
0.98]) for reader 2.

Estimated cost savings

The total cost of the standard CE-MRI protocol was fixed to
be $528.70 based on 2017 Medicare reimbursement, respec-
tively. The costs of the professional and technical were $93.97
and $434.73, respectively.

The estimated cost of the AMRI-M protocol was $311.33
(434.73/2 + 93.97), which represents 59% of the standard
CE-MRI.

The mean number of follow-up studies per patient with colo-
rectal liver metastases was ≅ 5 MRIs ± s4. If the patients had
undergone AMRI-M protocol instead of standard CE-MRI, the
estimated mean cost savings would have been $1.083.83 (5
MRIs × 528.70 × 41/100) per patient. Now considering that all
patients had undergone AMRI-M protocol for the follow-up
studies instead of the standard CE-MRIs (n = 201), the estimated
total cost savings would have been $43.570.17 (201
MRIs × $528.70 × 41/100) in our cohort group.

Fig. 4 A 57-year-old male with
metastatic colorectal cancer.( a)
Axial T1W-HBP at 20 min shows
a subcentimeter metastatic lesion
(arrow) in the liver segment VIII.
Both readers missed it on this
sequence given the small size and
the proximity to liver vessels.
However, it was easily
appreciated on (b) DWI

Fig. 3 A 56-year-old male with metastatic colorectal cancer. a Coronal
ultrafast SE T2W sequence shows a hypointense lesion in the liver seg-
ment II/III (arrow). b Axial DWI (b = 800) and c axial T1W-HBP at

20 min show the same lesion. Given the signal intensity on T2W
(hypointense) and DWI (hyperintense), both readers characterized this
lesion as malignant
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Discussion

The results of our study showed that our proposed AMRI-M
protocol (T1W-HBP at 20 min [coronal and axial planes], ultra-
fast SE T2W sequence [coronal plane], and DWI [axial plane])
had a high lesion detection performance for CRLMs. An excel-
lent agreement between the readers, high sensitivity, and AUCs
(all over 90%) were reported. It is worthy to mention that, in
retrospect, all lesions missed on the AMRI-M protocol were
picked up on at least one of the abovementioned sequences.

Ultrafast T2W sequence was useful for the characterization
of cysts and hemangiomas. DWI was useful for characterizing
malignant lesions and also in detecting small lesions adjacent
to liver vessels. Moreover, DWI can help detecting extrahe-
patic metastases of colorectal cancer in the abdomen and pel-
vis [23–26]. Both readers also pointed out that coronal T1W-
HBP images were useful for evaluating small peripheral le-
sions and for differentiating them from partial volume

averaging. Considering the estimated scan acquisition time
of the AMRI-M is approximately 8 min and factoring patient
setup time of approximately 5 min, the entire exam can con-
ceivably be accomplished under 15 min. This amount of time
is less than one third of the time it takes for the standard
gadoxetic acid–enhanced MRI protocol. Thus, for a 45-min
time slot (usually set for a single standard CE-MRI of the
abdomen), it would be possible to perform about three patient
scans using the AMRI-M protocol.

Even though the AMRI-M protocol is highly sensitive and
accurate for the characterization of liver lesions, our results reflect
just a preliminary experience and we would not recommend
using it as the initial staging exam, where lesion characterization
is paramount (especially for subcentimeter lesions, which diag-
nosis can be challenging even for the standard MRI protocol)
[27, 28]. Therefore, a prior standard CE-MRI study would be
required to characterize all preexisting lesions. Moreover, this
protocol should be used for surveillance in the outpatient setting
and for patients with advanced disease (not candidates for cura-
tive resection of liver metastases). Patients experiencing abdom-
inal pain, fever, jaundice, or any other acute symptoms should
undergo the standard CE-MRI protocol.

In our study, it was also demonstrated that the cost of the
standard gadoxetic acid–enhanced MRI protocol can poten-
tially be reduced by ≅ 40% by utilizing our AMRI-M proto-
col, without compromising diagnostic information. The total
cost savings (adopting the AMRI-M protocol as opposed to
standard protocol) were estimated at $43.570.17 in our small
cohort. Considering that advanced treatment options have dra-
matically improved the overall survival of patients with
CRLMs [29, 30], adoption of our protocol may translate to
substantial savings for patients and payers.

Our results are in accordance with the recently published
literature. In a meta-analysis compelling 39 articles, Vilgrain
et al [31] reported a sensitivity of 90.6% and 95.5% (95% CI
[0.93–0.96], 28 datasets) for the gadoxetic acid–enhanced MRI
protocol alone and combined with DWI, respectively, for the

Table 4 Results of readers’ analysis

Reader 1 Reader 2 p values*

Number of lesions detected, abbreviated protocol 198 (3 false positives) 202 (4 false positives) –

Number of lesions detected, reference standard 210 –

Inter-observer agreement, abbreviated protocol 0.91 –

Sensitivity, abbreviated protocol (detection) 92.8% 94.2% 0.054**

Sensitivity, standard protocol 100% 0.08** (reader 1) 0.15** (reader 2)

AUCs, abbreviated protocol (characterization) 0.91 0.95 0.27***

AUCs, standard protocol (characterization) 0.97 0.22*** (reader 1) 0.10*** (reader 2)

AUCs, areas under the curve

*p values represent differences between reader 1 and reader 2 and between reader 1 and reader 2 vs reference standard

**p values assessed by mixed-effects logistic regression

***p values assessed by receiver operating characteristic (ROC) regression

Table 3 Demographics and clinical information of study cohort

Number of patients 57

Gender (M/F) 28 (49%)/29 (51%)

Age (mean + SD) in years 54 ± 14.5

Number of patients with CRC 43

Gender (M/F) with CRC 23 (53%)/20 (47%)

Age (mean + SD) in years with CRC 53 ± 13.2

Number of patients in the control group 14

Gender (M/F) in the control group 5 (36%)/9 (64%)

Age (mean + SD) in years in the control group 53 ± 18.3

Histopathology (biopsy/hepatectomy) with CRC 19 (44%) / 24
(56%)

Chemotherapy prior to MRI with CRC 14/43 (32%)

Number of lesions per patient with CRC (mean +
SD)

4.9 ± 2.7

Lesion size (mean + SD) in mm 18.5 ± 12

M, male; F, female; SD, standard deviation; CRC, colorectal cancer
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detection of liver metastases. Marks et al [32] demonstrated that
an AMRI protocol consisting of ultrafast SE T2W and T1W-
HBP sequences has a high negative predictive value and may
be an acceptable method for hepatocellular carcinoma (HCC)
surveillance. Tillman et al [33] reported that a similar AMRI
protocol provides higher per-lesion sensitivity and negative pre-
dictive value than ultrasound for HCC screening. Besa et al [12]
estimated the cost of an AMRI protocol, including DWI and
T1W-HBP sequences, to be 30–35% of the standard CE-MRI
cost. The concepts of AMRI have also been explored by Cunha
et al [34], who demonstrated that a protocol consisting of liver
fat and iron quantification, MR elastography, and visceral adi-
pose tissue is a feasible, less-costly, and accessible option for
screening and monitoring patients with obesity, nonalcoholic
fat liver disease, and metabolic syndrome.

Our study has several limitations. This was a retrospective
study with a small cohort; therefore, the reported findings
reflect just a preliminary experience of the AMRI-M protocol.
Further prospective studies in larger cohorts are necessary to
confirm our findings. Secondly, not every lesion included in
our study was histopathologically proven. Nevertheless, in the
course of patients with liver metastases (especially those with
unresectable disease), most lesions will not need biopsy and
the diagnosis will rely on imaging findings. Given the retro-
spective nature of our study, the true acquisition time of the
AMRI-M protocol is not known. Moreover, only one site of
metastatic disease was assessed in our analysis (liver).
However, DWI is a reliable tool to detect bone lesions, lymph-
adenopathy, and peritoneal disease [35–37], and we believe
that the assessment of these sites will not be compromised by
using the AMRI-M protocol. Regarding lesion characteriza-
tion, the results of our study might have been overestimated
due to high prevalence of malignant lesions. However, in clin-
ical practice, when anMRI is requested to stage these patients,
a history of primary tumor is usually given and a positive CT
study for liver lesions had already been performed (which also
increases the prevalence of malignant lesions). Finally, the
cost analysis of this study was based on several assumptions
previously published; therefore, the real cost of the AMRI-M
protocol in clinical practice is not yet established.

In conclusion, our proposed AMRI-M protocol had an ex-
cellent lesion detection and characterization performance in
our patient cohort and has the potential to become an accept-
able lower cost alternative to the standard gadoxetic acid–
enhanced MRI protocol for CRLM surveillance. Moreover,
it can significantly decrease MRI acquisition time and im-
prove the efficiency of MRI workflow without compromising
the diagnostic impact.
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