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Objective: The aims of this study were to use
dynamic hepatocyte-specific contrast-enhanced
MRI to evaluate liver volume and function in liver
cirrhosis, correlate the results with standard
scoring models and explore the inhomogeneous
distribution of liver function in cirrhotic livers.

Methods: 10 patients with liver cirrhosis and
20 healthy volunteers, serving as controls,
were included. Hepatic extraction fraction
(HEF), input relative blood flow and mean
transit time were calculated on a voxel-by-
voxel basis using deconvolutional analysis.
Segmental and total liver volumes as well as
segmental and total hepatic extraction ca-
pacity, expressed in HEFmI, were calculated.
An incongruence score (IS) was constructed
to reflect the uneven distribution of liver
function. The Mann-Whitney U-test was used
for group comparison of the quantitative liver
function parameters, liver volumes and ISs.

Correlations between liver function param-
eters and clinical scores were assessed using
Spearman rank correlation.

Results: Patients had larger parenchymal
liver volume, lower hepatocyte function and
more inhomogeneous distribution of func-
tion compared with healthy controls.

Conclusion: The study demonstrates the non-
homogeneous nature of liver cirrhosis and
underlines the necessity of a liver function
test able to compensate for the heteroge-
neous distribution of liver function in patients
with diseased liver parenchyma.

Advances in knowledge: The study describes
a new way to quantitatively assess the hepatic
uptake of gadoxetate or gadolinium ethoxyben-
zyl diethylenetriaminepentaacetic acid in the
liver as a whole as well as on a segmental level.
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In patients undergoing liver resection, post-operative
liver failure is a major concern and has in current
practice become the biggest cause for mortality after
liver resection [1-3]. Residual liver should be of
adequate volume and quality to sustain immediate
post-operative function and to allow regeneration for
complete restoration of hepatic function. Currently,
surgical decision-making is predominantly based on
volume calculation from cross-sectional imaging, some-
times in combination with liver function evaluation
[4,5]. A variety of different methods for quantitative
assessment of global liver function are available, in-
cluding clearance—retention tests, redox chemistry and
scintigraphy [6,7]. All currently available metabolic
tests give a global assessment of liver function and do
not account or correct for the possible heterogeneous
distribution of function within the liver parenchyma.
Scoring models, of which the Child-Pugh score (CPS)
(8,9] and the model for end-stage liver disease (MELD)
[10] are the most frequently used, are hampered by the
same limitations.

A number of published studies, using different scinti-
graphic methods, have verified the presence of hetero-
geneous distribution of function in the liver parenchyma.
In a group of patients with diverse underlying liver
pathologies investigated with **™Tc-mebrofenin, it was
found that liver function was unevenly distributed
within the liver [11]. Regional variations in uptake
were also demonstrated using **™Tc-labelled galactosyl
human serum albumin [12,13]. This phenomenon
was also observed in patients with primary sclerosing
cholangitis using **™Tc-HIDA [14].

Gadoxetate or gadolinium ethoxybenzyl diethylene-
triaminepentaacetic acid (Gd-EOB-DTPA; Primovist®,
Bayer Healthcare, Berlin) is a contrast agent developed
for MRI. It is a gadolinium chelate that is actively taken
up into the hepatocytes through the organic anion-
transporting polypeptides [15]. This is a property
Gd-EOB-DTPA shares with the iminodiacetic acid
compounds used in hepatobiliary scintigraphy (HBS)
and with indocyanine green (ICG) [16-20]. Pharma-
cokinetic studies show that about 50% of the admin-
istered dose of Gd-EOB-DTPA is extracted by the liver
and eliminated through the hepatobiliary pathway. The
remaining 50% is eliminated by renal excretion [21]. As
the hepatic elimination of Gd-EOB-DTPA is dependent
on the integrity of the hepatocyte mass, quantification

of the uptake should represent the same aspects of liver
function as assessed by ICG clearance or HBS.

Dynamic hepatocyte-specific contrast-enhanced MRI
(DHCE-MRI) has previously been used in animal
models for the evaluation of hepatic function in various
experimental settings, either using semi-quantitative
parameters or using deconvolutional analysis (DA)
[22-25]. In human studies, liver parenchymal enhance-
ment after administration of Gd-EOB-DTPA has been
shown to correlate with ICG clearance and with liver
cirrhosis as assessed by the CPS [26,27], and subsequent
biliary excretion has been shown to be delayed in
patients with impaired liver function [28]. In a study
of patients with primary biliary cirrhosis, quantita-
tive parameters indicative of liver function derived
from DA were shown to correlate with disease severity
[29]. Also, compartmental modelling has been used to
assess the hepatic uptake of Gd-EOB-DTPA, and the
parameters derived were shown to be dependent on
the CPS [30]. These findings support the hypothesis
that results from DHCE-MRI have the potential to as-
sess liver function.

The present study should be regarded as a feasibility
study aiming to investigate DHCE-MRI as a method
to explore the inhomogeneous distribution of liver
function in patients with liver cirrhosis compared with
a control group and to explore the correlation between
DHCE-MRI-derived liver function parameters with
commonly used clinical scoring models. The primary
outcome was the overall hepatic extraction capacity of
Gd-EOB-DTPA, and secondary outcomes were meas-
ures of liver function heterogeneity, liver function in-
dices and correlation analysis.

METHODS

Study subjects

10 patients with varying degrees of alcohol- and/or viral
hepatitis-induced liver cirrhosis were included in the
study. The patients were regularly seen as outpatients
participating in a screening programme for hepato-
cellular carcinoma (HCC) or had a history of liver
decompensation requiring hospitalisation. Patients in
the age group from 18 to 65 years were regarded eligible for
participation. Patients with previous liver surgery apart
from cholecystectomy, impaired renal function [glomerular
filtration rate (GFR)<30mlmin '1.73m ] or contra-
indications for MRI were excluded. Image data from

2 of 11 bjr.birjournals.org

Br J Radiol;86:20120653


http://bjr.birjournals.org

MRI for the assessment of liver function and volume in liver cirrhosis

20 healthy volunteers examined in the previous study
were used as controls and recalculated according to the
protocol in this study [31]. The controls had no his-
tory of hepatobiliary disease, previous hepatobiliary
surgery or alcohol abuse. Written informed consent was
obtained from all participants prior to examination and
the study was approved by the Regional Ethical Review
Board in Stockholm. For patients, relevant demographic
and clinical data were documented, as well as results of
serum liver function tests from the visit closest to the
MR examination, date as documented in their clinical
charts. The CPS and MELD scores were calculated for
each patient [32,33]. The demographic and clinical
parameters of the study subjects are summarised in
Table 1 and the disease characteristics of the patients are
summarised in Table 2.

MR procedure

All subjects were instructed to fast for at least 4h
prior to the examination. MRI was performed using
a 1.5 T scanner (Intera; Philips Medical Systems, Best,
Netherlands), with a Philips four-channel sensitivity
encoding (SENSE) body coil. The dynamic contrast-
enhanced sequence was performed using a T; weighted
three-dimensional spoiled gradient-echo sequence
(repetition time/echo time/flip angle 4.1 ms/2.0 ms/10°,
field of view (FOV)=415mm, acquisition matrix reso-
lution 192192, reconstruction matrix 256 X256, 40 sli-
ces, slice thickness 10 mm with 5 mm overlap and SENSE
factor R=2). Each volume was examined in a single

Table 1. Study subject characteristics

breath-hold (12 s scan time per acquired volume) and the
subjects were asked to hold their breath at the same
depth during each acquisition. Three volumes were ac-
quired pre-contrast for baseline calculations followed by
repetitive sampling with step-wise increase in sampling
intervals up to a total sampling time of 45min. The
control group was previously examined with an identical
study protocol, although it used a total sampling time of
90 min. In this study, however, only the volumes ac-
quired up to 45 minutes post-contrast injection were
used in the analysis. The sampling time points, imaging
parameters and data acquisition were thus identical in
the two groups. A dose of 0.1 ml per kg Gd-EOB-DTPA
0.25mmol ml~" was injected into the anterior cubital
vein, coinciding with the start of the fourth acquired
volume. The contrast was injected using a power injector
(Medrad® Spectris Solaris® EP MR Injection System,
Medrad, Pittsburgh, PA), at an infusion rate of 2 mls ™,
followed immediately by a bolus of 20 ml of saline (NaCl
0.9%) at the same infusion rate.

Image analysis

Segments were anatomically defined and the anatomical
nomenclature adhered to as proposed by Strasberg
[34,35]. Segment IV was subdivided into IVa and IVb.
The horizontal intersegmental plane was defined as
being at the level of the division of the portal vein into
the left and right portal branches. Half of the voxels in
this plane were regarded as representative of the super-
ior segments (II, IVa, VII and VIII) and the other half

Patients (n=10) Controls (n=20)
Gender (males/females) 8/2 10/10
Age (years) 55.8%5.3 33.2%6.8

Reference

Bilirubin (wmol 17) 35.1+23 (10) 12.6+5 (9) <26
Albumin (g17") 32+8 (10) 42+2 (19) 36-48
Creatinine (umol 17) 91+23 (10) 83+17 (19) <100 (males) and <90 (females)
PK-INR (INR) 1.37%+0.3 (10) 1.120.1 (19) <l1.2
ALP (ukat 171 2.28+1.04 (10) 1.04+0.46 (19) <1.9
ALT (pkat 171 0.97+0.69 (10) 0.41+0.26 (20) <1.20 (males) and <0.76 (females)
AST (ukat 171 1.47*1.13 (10) 0.32+0.08 (20) <(0.76 (males) and <0.61 (females)

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; PK-INR, prothrombin complex-international

normalised ratio.

Results are presented as mean + SD, and numbers within brackets denote number of observations.
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Table 2a. Disease characteristics of patients

Median Min Max
MELD 13 6 19
CPS 7 5 12

CPS, Child-Pugh score; MELD, model for end-stage liver
disease; max, maximum; min, minimum

Table 2b. Disease characteristics of patients

Child—Pugh class n
A
B 5
C 1

as part of the inferior segments (III, IVb, V and VI).
From a seed point placed in the inferior vena cava,
lines were drawn in the plane of the right hepatic vein,
the middle hepatic vein and the falciform ligament/
umbilical fissure creating the vertical intersectional
planes. This segmentation originating from the seed
point is visualised by the blue lines shown in Figure 1.
Segment I was manually outlined in every slice where it
was visible according to the anatomical landmarks as
described by Dodds et al [36]. In hepatobiliary phase

images, where there is a high soft-tissue contrast res-
olution between liver parenchyma and surrounding
tissues, the liver contour was manually outlined in
every slice in a caudal-cranial fashion, excluding the
major hilar structures. The manual outlining of the
liver contour and segmentation was done by one
person (first author) for both controls and patients.
The volumes of the voxels within the defined borders
were added to obtain total and segmental liver vol-
umes for each subject. The voxel volume, determined
by the FOV, slice thickness and in-plane spatial reso-
lution parameters defined above, was approximately
13mm® (1.6X1.6X5mm). Relative signal intensity in
the voxels was calculated by the logarithmic ratio
expressed in Equation 1:

_ S(t,p)>
r\t, _1
SL.(t, p) n(Sg(p) (1)

where SI.(t, p) is the relative signal intensity at time ¢
in voxel p; So(p) is the mean image intensity in voxel
p from the pre-contrast images, i.e. baseline signal in-
tensity; and S(¢, p) is the measured image intensity in

voxel p at time . Image analysis and subsequent cal-
culations were performed using in-house software
written in MATLAB® (Mathworks, Natick, MA).

Figure 1. Parametric maps of quantitative liver function parameters. 7; weighted spoiled gradient-echo images from
a patient (top row) and healthy control (bottom row) where the results of the voxel-based quantitative liver function
analysis are superimposed, colour-coded, on the anatomical images and presented as parametric maps are shown.
The patient in the top row had the Child-Pugh score of 6 and model for end-stage liver disease score 11. The images in
the middle column show input-relative blood flow (irBF) maps (perfusion) where the vascular structures are easily
identified with a markedly higher irBF compared with the liver parenchyma. HEF, hepatic extraction fraction;

MTT, mean transit time.
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Liver function parameters

A quantitative assessment of liver function parameters
was obtained using DA. With knowledge of the input
function, i.e. the vascular inflow of contrast agent, and
parenchymal response function, the impulse response
function can be estimated through DA. The impulse
response function is a mathematical representation of
what the parenchymal response would be if the contrast
agent had been delivered into the liver as an infinitely
short bolus without subsequent recirculation. From the
impulse response curve, several functional character-
istics of the system can be derived, in this case the
hepatic extraction fraction (HEF), input-relative blood
flow (irBF) and mean transit time (MTT), as has been
described extensively in earlier publications [29,31]. In
this study, both mathematical methods described for
DA in DHCE-MRI, the Fourier method with an
appended tail and the matrix method using truncated
singular value decomposition, were used. HEF was first
described in HBS as a measurement of hepatic extrac-
tion efficiency, and it was defined as the proportion of
tracer that is extracted by the liver in a single passage
without tracer recirculation [37]. The irBF describes the
peak blood flow in a defined volume relative to the peak
blood flow in the input function, and is therefore a
measurement of perfusion. MTT describes the mean
time it takes for a unit of the tracer, or the contrast
agent in this study, to pass through the system, in this
case exiting either through vascular wash-out or ex-
cretion into the bile ducts. These parameters (HEF, irBF
and MTT) were calculated in every voxel within the
defined liver boundaries. The relative signal intensity-
over-time in a voxel was regarded as the parenchymal
response function, and the input function was defined
by a region of interest (ROI) placed in the spleen. To
ensure that the ROI in the spleen was truly represen-
tative of the blood content over the entire acquisition
period, it was manually adjusted when needed. Based
on findings in earlier studies and methodological con-
siderations, voxels with HEF above 0.7 or irBF above 1
were regarded as artefacts and omitted from subsequent
analysis [29,31]. Voxels representing vascular structures
could be expected to have high perfusion, i.e. high irBF
values. Therefore, upon completion of calculation of
irBF for all voxels, an irBF threshold was defined by
visual inspection in every subject that excluded major
intrahepatic vessels without loss of parenchymal voxels.
These vascular voxels were excluded from analysis of
parenchymal properties. The final results thus yielded

total and segmental parenchymal liver volumes with the
exclusion of vessel volume. The high irBF in vascular
structures is illustrated in Figure 1. Total liver function
was defined as the total hepatocyte extraction capacity
of Gd-EOB-DTPA and was expressed as HEFml. This
parameter was obtained by adding the individual HEF
of all parenchymal voxels (after the omission of vascular
tissue) within the liver boundaries. For every segment,
the functional capacity was obtained in a similar fash-
ion, adding all parenchymal voxels within the pre-
defined segmental borders. To assess the discrepancies
regarding the segmental contribution of function and
volume to the total liver function and volume, i.e. the
heterogeneity of liver function distribution, an incon-
gruence score (IS) was calculated for every segment as
described in Equation 2:

)G

I\ Tt T.)] (O—E)

IS = S, ==z (2)

(%)

where Sn; is the functional capacity expressed as HEFml
in segment n, Tt is the total liver functional capacity
expressed as HEFml, Sn, is the volume of segment n
and T, is the total liver volume. For each study subject,
a total IS was obtained by the sum of the IS for each
segment. Global median HEEF, irBF and MTT were
obtained by calculating the median of all parenchymal

voxels within the liver boundaries.

Statistical analysis

Descriptive statistics using mean or median (with stan-
dard deviation and range) as appropriate were used to
present clinical characteristics of the study subjects
and the quantitative liver function parameters. Non-
parametric tests (Mann—Whitney U-test and Wilcoxon
matched-pairs signed-rank test) were used for group
comparison of the quantitative liver function param-
eters, liver volumes and ISs. Correlations between liver
function parameters and clinical scores were assessed
using Spearman rank correlation. The significance
threshold was set to a=0.05. STATA™ 10 (StataCorp,
College Station, TX) was used for the statistical analyses.

RESULTS

The results of liver volume measurements and of the
quantitative functional parameters are shown in Table 3.
There were no differences regarding total liver
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Table 3. Results of liver function and volume analysis

Controls Patients

Median Min-max; Median Min-max; p-value®

(mean) (mean) SD
Total liver volume (ml) 1496 (1468) 1037-1934; 261 1577 (1593) 1357-1886; 196 p=0.29
Parenchymal volume (ml) 1256 (1267) 915-1692; 229 1435 (1473) 1225-1774; 200 p<0.05"
?ﬁ;ﬁ?aiona] capacity 283 (286) 112-412; 73 171 (190) 53-341; 97 p<0.05°
Global median HEF 0.22 (0.22) 0.11-0.28; 0.04 0.09 (0.10) 0.02-0.20; 0.07 p<0.05“
Global median irBF 0.52 (0.52) 0.43-0.63; 0.05 0.48 (0.49) 0.31-0.74; 0.12 p=0.17
Global median MTT 789 (773) 477-1318; 223 453 (455) 203-686; 137 p<0.05”

HEF, hepatic extraction fraction; irBF, input-relative blood flow; max, maximum; min, miniumum; MTT, mean transit time; SD,

standard deviation.
Mann-Whitney U-test.

volume, but, when the vascular voxels were sub-
tracted, the patient group had a statistically significant
larger parenchymal volume, despite the fact that the
overall parenchymal function, expressed as HEFml, was
lower. Also, the median liver HEF was lower among
patients, indicating lower parenchymal functional ca-
pacity. The median MTT was shorter in the patient
group but perfusion, assessed as irBF, did not differ
between the groups. However, a substantial variation
in irBF was observed between the different Child—
Pugh classes (Figure 2). Table 4 displays the correla-
tions between the liver disease grade, as assessed by the
CPSs and MELD scores, and the analysed liver function
parameters. The CPS had statistically significant negative
correlations with total liver functional capacity (HEFml)
and median HEFE. The irBF had a statistically significant
positive correlation with the CPS, whereas MTT did not
seem to correlate at all in this study. The correlations
described above are also exemplified and illustrated in
the scatter plots of Figure 3. The MELD score had
a negative correlation with total liver function (HEFml)
and median HEF, but not with MTT or irBE. Liver
function was statistically significantly more heteroge-
neously distributed in the patient group as shown in
Figure 4. In healthy controls, the left hemiliver
accounted for 34% of the volume and 33% of the
function and the right hemiliver for 64% of the vol-
ume and 65% of the function (median values). This
relationship was quite stable in the control group, as
opposed to the patient group where large variations and
predominantly left liver hypertrophy were observed, as
illustrated in Figure 5. In healthy volunteers, the

median HEF for the right liver was 0.22 and for the left
liver was 0.20 (p<<0.05). In the cirrhosis population this
study suggests the opposite, with the median HEF being
0.8 for the right liver and 0.11 for the left liver, but the
difference was not statistically significant (p=0.06).

DISCUSSION

This study demonstrates a novel method to assess total
and regional liver function using DHCE-MRI. It shows
that DHCE-MRI-derived liver function parameters
differ between patients with liver cirrhosis and healthy
controls. Furthermore, DHCE-MRI-derived functional

Figure 2. Liver perfusion assessed by input-relative
blood flow (irBF). Liver perfusion seems to increase
with disease severity graded according to Child-Pugh
class as shown in this box plot. Dots outside the plot
indicate outliers. There was only one observation with
Child-Pugh class, and it is hence represented by a line only.

Global median irBF vs Child-Pugh class

| =

Global median irBF

© PR N

Control A B C
Child-Pugh class
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Table 4. Correlation of liver function parameters and scoring models

CPS MELD
Spearman p p-value Spearman p p-value
Total functional capacity (HEFml) —0.72 <0.05 —0.76 <0.05
Global median HEF —0.80 <0.05 —0.73 <0.05
Global median irBF 0.76 <0.05 0.55 0.10
Global median MTT —0.26 0.46 0.05 0.88

CPS, child-pugh score; HEF, hepatic extraction fraction; irBF, input-relative blood flow; MELD, model for end-stage liver disease;

MTT, mean transit time.

parameters correlate well with the disease severity as
staged by the CPSs and MELD scores. More impor-
tantly, the study demonstrates a non-homogeneous
distribution of function within the liver in cirrhotic
patients, unrelated to changes in volume. Hypertrophy
of the left hemiliver in cirrhotic patients is a well-
described phenomenon, a finding that was reproduced
in our study [38-41]. The study also implied an im-
proved quality of the hypertrophied left liver, in terms
of function, compared with the right liver, although this
finding was not statistically significant.

The lower HEF and HEFml in the patient group can be
explained by a reduced functional hepatocyte mass or
hepatocytes with less capacity to transport gadoxetate
across the hepatocyte membrane compared with healthy

liver parenchyma. The shorter MTT seen in the patient
group could be owing to a larger proportion of the
contrast agent being washed out of the system through
the vascular outflow. In healthy livers, the longer MTT
could be the result of uptake into hepatocytes, intra-
cellular transport and subsequent biliary excretion, a
process that is undoubtedly more time-consuming. The
increasing irBE, as seen in Figure 2, could be interpreted
as the result of the arterialisation that cirrhotic liver
parenchyma has been shown to undergo with increasing
disease severity [42].

Some of the variations in the functional parameters
described in this work could be attributed to motion
artefacts and partial volume effects. Even though in-
dividual voxels are small, they will inevitably include

Figure 3. Correlation of Child-Pugh score (CPS) and liver function parameters. A strong and statistically significant

correlation between the CPS and all liver function paramet

ers derived from deconvolutional analysis, except mean

transit time, was observed. HEF, hepatic extraction fraction; irBF, input-relative blood flow; MTT, mean transit time.
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Figure 4. Distribution of incongruence score (IS) in
patients and controls. Liver function was more inho-
mogeneously distributed among patients with a median
IS of 2.7 (range 0.6-25.3) as compared with 0.4 (range
0.1-1.1) among controls (p<0.05).

Incongruency score distribution

Patients Controls

100

Percent
50

11 | BN B

0 10 20 3 0 10 20 30
Incongruency score

varying volumes of non-hepatocyte tissue. Conceptu-
ally, an ROI or a voxel containing a higher proportion
of vessels would yield a higher irBF owing to higher
perfusion and a lower HEF since extraction only takes
place in hepatocytes. The reverse would be the case in
a voxel or an ROI containing a higher proportion of
hepatocytes. To minimise this, voxels with irBF above
a user-defined threshold were omitted from analysis
since they were regarded as mainly representing vas-
cular tissue. Voxels close to liver boundaries are also
prone to partial volume effects and to a varying degree
contain non-liver tissue, which of course influences
both calculation of functional parameters and the
accuracy of liver volume estimations. Correction for
motion artefacts using image registration algorithms
before image analysis would be a logical next step in
improving the method.

In this study, the patient group was markedly older
than the controls and gender distribution was not
proportional. It could be argued that the differences
described should be attributed to these baseline differ-
ences regarding the groups rather than cirrhosis. This
is an issue that needs to be addressed in further studies
that, preferably, should be randomised or at least better
matched for baseline characteristics.

In patients with diseased liver, the combination of
volume-based and global function-based methods to
estimate post-operative liver function could be unreliable

Figure 5. The distribution of function and volume in the
right and left hemilivers. A box-plot of the function and
volume distribution in the patient and control group.
Note the large variations in liver function and volumes
in the patient group, with one patient having >60% of
the total liver function in the left hemiliver and <30%
of the function in the right hemiliver. A single dot
outside the box plot represents an outlier.

Distribution of function and volume in right and left hemilivers
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owing to the inhomogeneous distribution of function as
shown in this study. Segmental function measurements
should probably be added to the equation in order to
improve the prediction of post-operative remnant liver
function, thereby lowering the risk of often fatal post-
operative liver failure.

Historically, underlying parenchymal liver disease in
patients considered for liver resection was almost ex-
clusively limited to cirrhosis in patients with HCC.
Today colorectal cancer liver metastases have, at least
in Western countries, become the most common in-
dication for liver resection, and chemotherapy is used
with increasing frequency for down-staging or in neo-
adjuvant settings. Although not all agents have been
studied, some have shown to be hepatotoxic, resulting
in sinusoidal obstruction syndrome and chemotherapy-
associated steatohepatitis, associated with a higher
morbidity and in some cases even mortality after
surgery [1,43]. Non-alcoholic fatty liver disease has
become the most common chronic liver disease in the
Western world, with between 10% and 20% of the
patients progressing to non-alcoholic steatohepatitis,
which may in turn lead to liver cirrhosis [44—46]. In
current practice, parenchymal dysfunction is encoun-
tered with increasing frequency in non-cirrhotic
patients, and both chemotherapy-induced liver injury
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and metabolic syndrome-associated hepatic disease have
been shown to be unevenly distributed in the liver
[47-49].

There are several limitations to this study, the most
important being the low number of participating
subjects, the lack of specific inclusion and exclusion
criteria and the lack of a reference method to correlate
the DHCE-MRI results against. The study results
should therefore be regarded with some caution, al-
though the results are encouraging enough to warrant
further studies, and the results from this work could
serve as the basis for power calculations in future
studies.

In conclusion, this study describes the application of
DHCE-MRI in patients with cirrhosis showing corre-
lation of DHCE-MRI-derived parameters with disease

severity. It furthermore demonstrates the heterogeneous
nature of liver disease and points towards the necessity
of a segmental liver function test in functional as-
sessment of patients with liver disease.
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