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Abstract

Objectives To correlate the degree of ascites enhancement during hepatobiliary phase after gadobenate dimeglumine (Gd-

BOPTA) administration with ascites actiology.

Methods IRB-approved retrospective study, need for informed consent was waived. We included 74 consecutive ascitic

patients who underwent Gd-BOPTA-enhanced liver MRI including hepatobiliary phase (HBP) images between January

2014 and December 2017. Ascites appearance on unenhanced and HBP images was classified as hypo-, iso- or hyper-

intense in comparison to paraspinal muscles. Ascites signal intensity on unenhanced and HBP images was measured

using round ROIs and was normalised to paraspinal muscles (NSI). Normalised relative enhancement (NRE) between

native phase and HBP was calculated. The results were related to ascites aetiology using Wilcoxon and Mann-Whitney

tests.

Results On native images, ascites appeared hypointense in 95.9% of the cases and isointense in 4.1%, whereas on HBP images, it

appeared hyperintense in 59.4% of the cases, isointense in 36.5% and hypointense in 4.1%. Mean ascites NSI was 0.52 on

unenhanced images and 1.50 on HBP ones (p < 0.0001). Mean ascites NRE was 201 & 133%. Ascites of non-malignant aetiology

showed mean NRE of 210+ 134%, whereas malignant ascites showed mean NRE of 92+20% (p=0.001). ROC analysis

showed that a NRE < 112.5% correlates with malignant aetiology with 100% sensitivity and 83.4% specificity (LR =5.667).

NRE did not show any significant correlation with ascites thickness, eGFR and time interval between contrast administration and

HBP acquisition (p > 0.05).

Conclusions Ascites NRE in HBP after Gd-BOPTA administration is significantly lower in patients with ascites secondary to

peritoneal carcinomatosis than in patients with non-malignant ascites.

Key Points

* Ascites enhancement in the hepatobiliary phase after Gd-BOPTA administration may determine false positive findings when
looking for biliary leaks.

* Ascites enhancement in the hepatobiliary phase after Gd-BOPTA administration is lower in patients with peritoneal carcino-
matosis than in patients with portal hypertension or congestive heart failure.

* None of the patients with peritoneal carcinomatosis showed an ascites enhancement of more than 112% as compared with
unenhanced images.
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Abbreviations and acronyms

HBP Hepatobiliary phase

NRE Normalised relative enhancement
NSI  Normalised signal intensity
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Introduction

Gadobenate dimeglumine (Gd-BOPTA; Multihance, Bracco
Imaging) is an ionic linear gadolinium chelate characterised
by mixed elimination: about 95% of the injected dose is ex-
creted through the renal pathway, whereas about 5% is excret-
ed through the biliary pathway, with a compensatory biliary or
urinary excretion in cases of impaired renal or hepatic function
[1]. Thanks to its hepatocyte uptake and biliary excretion, Gd-
BOPTA is particularly indicated for characterisation of liver
lesions and for detection of biliary leakages [2—7].

Ascites may be the consequence of a wide range of
different pathologies including portal hypertension in pa-
tients with liver cirrhosis, peritoneal carcinomatosis,
inflammation/infection and congestive heart failure [8].
The mechanisms underlying ascites formation are different
and still not completely understood. In portal hypertension
and congestive heart failure, ascites formation is mainly
secondary to an increase in hydrostatic pressure gradient
between capillaries and peritoneal space, whereas in peri-
toneal carcinomatosis, ascites formation represents the
consequence of decreased lymphatic absorption, increased
capillary membrane surface and increased intraperitoneal
protein concentration [9—11]. Ascites of unknown cause
represents a diagnostic challenge; many laboratory and im-
aging features have been proposed in order to reach a def-
inite diagnosis [12—14]; however, the aetiology of ascites
cannot always be determined.

A recent paper by Ciolina and colleagues demonstrated that
peritoneal and pleural effusions appear iso-hyperintense on
HBP after administration of both the commercially available
hepatobiliary contrast agents, namely gadoxetic acid (Gd-
EOB-DTPA) and Gd-BOPTA [15]. This paper also found that
the relative enhancement of peritoneal free fluid is higher in
patients with chronic liver disease than in the others, suggest-
ing that the pathophysiological mechanism underlying that
condition may influence the degree of relative enhancement.

The aim of our study was to correlate the degree of relative
enhancement of peritoneal effusions during hepatobiliary
phase after Gd-BOPTA administration with their aetiology.

Materials and methods
Patient population

This is a retrospective study approved by our Institutional
Review Board; need for informed consent was waived. We
considered for inclusion 1478 consecutive adult patients who
underwent contrast-enhanced liver MRI using Gd-BOPTA in
two centres between January 2013 and December 2018.
Inclusion criteria were as follows: presence of ascites on T2-
weighted images with maximum perihepatic thickness

>5 mm (174/1478 patients), availability of pre-contrast
and hepatobiliary phase (HBP) GRE T1-weighted axial
images without any imaging parameter change between
the two phases (165/174 patients), and availability of clin-
ical/imaging/laboratory/pathological data sufficient for
clearly defining the cause of ascites (151/165 patients).
Exclusion criteria were as follows: unknown contrast ma-
terial administered dose (15/151 patients), recent
(<30 days) abdominal surgery (14/151 patients), suspected
biliary leak (23/151 patients) or significant motion arte-
facts (25/151 patients). Therefore, our patient population
included 74 patients, 54 males and 20 females, with a me-
dian age of 65 years (range 30—89 years).

Imaging protocol

MR examinations were performed on three different scanners
(57/74 on a 1.5-T Ingenia, Philips Healthcare; 13/74 on a 1.5-T
Magnetom Avanto, Siemens; and 4/74 on a 3-T Ingenia,
Philips Healthcare) using multichannel phased array body
coils. Imaging parameters of the evaluated GRE T1-
weighted sequences are reported in Table 1. A total of
0.05 mmol/kg of body weight (0.1 mL/kg) of Gd-BOPTA
followed by a 20-mL saline flush was administered to each
patient using a power injector. HBP images were acquired
with a median delay of 113’ (range 60-214") from contrast
material administration.

Clinical-radiological data collection

Glomerular filtration rate was estimated from the most recent
pre-MRI creatinine value (range 0—7 days before the exami-
nation) using the Cockroft-Gault formula. Total bilirubin
values (range 1-23 days before the examination) were obtain-
ed. Clinical, radiological, laboratory and pathological reports
of each patient were retrieved from the Institutional databases
in order to define ascites actiology. We considered ascites
malignant if patient’s ascitic fluid cytological analysis detect-
ed malignant cells (5/74) and/or if peritoneal implants were
recognizable at MRI (6/74), whereas we considered it non-
malignant if patient’s ascitic fluid cytological analysis did
not detect malignant cells (12/74) and/or if peritoneal implants
were not recognizable at MRI (68/74). Moreover, we consid-
ered ascites secondary to portal hypertension if the patient
showed liver cirrhosis with splenomegaly (bipolar diameter
> 12 cm) and porto-systemic collaterals at MRI, whereas we
considered it secondary to congestive heart failure if the pa-
tient underwent a positive cardiologic evaluation within
3 months from the MR examination (2/74 patients showed
biventricular systolic dysfunction and 1/74 right ventricular
systolic dysfunction).
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Table 1 T1-weighted imaging

parameters on the different MR scanner Pulse sequence TR/TE (ms) Voxel size (mm) FoV (mm)
scanners
Siemens Avanto 1.5 T VIBE 3.04/1.14 1.70x1.20x 2 350 %350
Philips Ingenia 1.5 T THRIVE 3.90/1.83 0.98x0.98 %2 390 % 343
Philips Ingenia 3 T THRIVE 3.00/1.42 1.49x1.49x3 375 %298

Qualitative image analysis

Two radiologists with 15 and 9 years of experience in abdom-
inal MRI, unaware of any clinical information, independently
performed qualitative image analysis on dedicated worksta-
tions using commercially available PACS. Ascites appearance
was assessed as hypointense, isointense or hyperintense in
comparison to paraspinal muscles both on unenhanced and
HBP T1-weighted images. The same evaluation was per-
formed for pleural effusion, if present. Discrepancies were
solved by consensus.

Quantitative image analysis

One radiologist with 3 years of experience in abdominal MRI
performed quantitative image analysis on a dedicated work-
station using commercially available PACS. Axial T2-
weighted images, pre-contrast T1-weighted images and HBP
T1-weighted images were manually aligned on the slice in
which ascites showed the maximum perihepatic thickness.
Maximum perihepatic ascites thickness was measured on ax-
ial T2-weighted images. Ascites signal intensity on both
unenhanced and HBP axial T1-weighted images was calculat-
ed as the mean value of three adjacent round ROIs drawn in
the site of maximum perihepatic ascites thickness (Figs. 1a, b
and 2a, b). The ROIs were drawn as large as possible in order
to include the maximum amount of ascites without including
adjacent structures. The same evaluations were performed on
pleural effusion, if present; in those cases, maximum fluid
thickness was measured in the posterior costophrenic recess.
Finally, right paraspinal muscle signal intensity was calculated
as the mean value of three 2 cm? round ROIs on both
unenhanced and HBP T1-weighted images. Ascites and pleu-
ral effusion signal intensities in both unenhanced and
hepatobiliary phases were normalised to the paraspinal muscle
according to the formula NSI=SI ascites (or pleural
effusion) SI paraspinal muscle. Paraspinal muscle was used
as a reference as it is not expected to significantly change its
signal intensity in the HBP. The normalised relative enhance-
ment (NRE) for ascites and pleural effusion was calculated as
follows: NRE (%) = (NSIpost — NSlIpre) NSIpre x 100.

Statistical analysis

Quantitative data are presented as mean (£ SD) or median
(range), categorical variables as number and percentages.

@ Springer

Mann-Whitney U test, Wilcoxon matched-pairs signed
rank test, paired ¢ test, Kruskal-Wallis test and ROC analysis
were performed using GraphPad Prism version 6.00 for Mac
OS X (GraphPad Software). p values were considered signif-
icant when <0.05.

Inter-observer agreement for qualitative parameters was
assessed according to the k-statistics using GraphPad
QuickCalcs (GraphPad Software). The strength of agreement
was assessed as follows: <0.20 poor, 0.21-0.40 fair, 0.41—
0.60 moderate, 0.61-0.80 good, 0.81-1.0 excellent
agreement.

Results

The cause of ascites was portal hypertension in chronic liver
disease in 65/74 (87.8%) cases, peritoneal carcinomatosis in
6/74 (8.1%) cases and congestive heart failure in 3/74 (4.1%)
cases. Patients showed a median estimated GFR of 91 mL/min
(41-130) and a median total bilirubin value of 1.35 mg/dL
(0.20-15.90); 37/74 (50%) patients showed impaired liver
function (total bilirubin > 1.40 mg/dL). Mean total bilirubin
value was significantly higher in patients with ascites second-
ary to portal hypertension (2.95+4.19) than in patients with
ascites secondary to other causes (0.96+0.99) (»p <0.001).
The median maximum perihepatic ascites thickness on axial
T2-weighted images was 18 mm (range 6—61 mm). The mean
time elapsed between contrast administration and HBP was
118 £ 34 min.

On native images, both readers defined ascites as
hypointense in 71/74 (95.9%) of the cases (Figs. la and 2a)
and as isointense in 3/74 (4.1%) (k= 1.000). On HBP images,
reader 1 classified ascites as hypointense in 3/74 (4.1%) of the
cases, as isointense in 28/74 (37.8%) and as hyperintense in
43/74 (58.1%), whereas reader 2 classified it as hypointense in
3/74 (4.1%) of the cases, as isointense in 26/74 (35.1%) and as
hyperintense in 45/74 (60.8%) (k=0.947). After consensus,
ascites was considered hypointense in 3/74 (4.1%) cases,
isointense in 27/74 (36.5%) (Fig. 1b) and hyperintense in
44/74 (59.4%) (Fig. 2b).

Mean ascites NSI was 0.52+0.21 on pre-contrast images
and 1.50+£0.48 on HBP ones (Wilcoxon test, p <0.0001).
Ascites of non-malignant aetiology showed mean NSI of
0.51£0.17 on unenhanced images and of 1.50+0.48 on
HBP ones (Wilcoxon test, p <0.0001), whereas malignant
ascites showed mean NSI of 0.77+0.38 on unenhanced
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Fig. 1 Seventy-year-old patient with peritoneal carcinomatosis and liver
metastases secondary to advanced gastric cancer; eGFR 75 mL/min. Pre-
contrast axial T1-weighted VIBE image (a) shows a discrete perihepatic
liver effusion (asterisk) that appears hypointense to the paraspinal muscle
(arrow). Hepatobiliary phase axial T1-weighted VIBE image (b) acquired

images and of 1.43 +0.53 on HBP ones (Wilcoxon test, p =
0.0313). Mean ascites NSI on unenhanced images did not
vary significantly between the different scanners (Kruskal-
Wallis test, p > 0.05).

Mean NRE between unenhanced and HBP images was
201 £133%. In ascites of non-malignant aetiology, mean
NRE was 210+ 134%, whereas in malignant ascites,
mean NRE was 92+20% (Mann-Whitney test, p =
0.0010). Receiver operator curve (ROC) analysis (Fig. 3)
showed that NRE has an area under the curve (AUC) of
0.88 (95% CI 0.80—-0.96) for identifying patients with as-
cites secondary to peritoneal carcinomatosis. A NRE
< 112.5% is correlated with malignant ascites with 100%
sensitivity (95% CI 54.1-100%), 83.4% specificity (95%
CI 71.2-90.5%) and likelihood ratio of 5.667. We did not
find any significant correlation between NRE and maxi-
mum ascites thickness, eGFR, total bilirubin value and

111 min after Gd-BOPTA injection shows an increase in the signal inten-
sity of ascites, which has become isointense to paraspinal muscle. Three
round ROIs were drawn in the site of maximum ascites thickness on both
images. Normalised relative enhancement was 112%

time interval between contrast administration and HBP
acquisition (p > 0.05).

Pleural effusion was present in 19/74 (25.7%) patients and
showed median maximum thickness of 14 mm (5-55 mm).
On unenhanced images, both readers classified pleural effu-
sion as hypointense in 18/19 (94.7%) of the cases (Fig. 2a) and
as isointense in 1/19 (5.3%) (k=1.000), whereas on HBP
images, both readers classified it as isointense in 8/19
(42.1%) cases and as hyperintense in 11/19 (57.9%) (Fig.
2b) (k=1.000).

Pleural effusion had a mean NSI of 0.59+0.16 on pre-
contrast images and of 1.36+0.28 on HBP ones; pleural ef-
fusion showed a significantly higher NSI on HBP than on
unenhanced images (paired ¢ test, p <0.0001). Mean pleural
effusions” NSI on unenhanced images was not significantly
different between the different scanners (Kruskal-Wallis test,
p>0.05).

Fig. 2 Sixty-four-year-old patient with portal hypertension secondary to
alcoholic liver cirrhosis; eGFR 64 mL/min. Pre-contrast axial T1-
weighted THRIVE image (a) shows an abundant perihepatic liver
effusion (asterisk) that appears hypointense to the paraspinal muscle
(arrow); abundant left pleural effusion (triangle) coexists, also appearing
hypointense to the paraspinal muscle. Hepatobiliary phase axial T1-

weighted THRIVE image (b) acquired 153 min after Gd-BOPTA
injection shows an increase in the signal intensity of both ascites and
pleural effusion that have become hyperintense to the paraspinal
muscle. Three round ROIs were drawn in the site of maximum ascites
thickness on both images. Normalised relative enhancement was 198%
for ascites and 121% for pleural effusion
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Fig. 3 Receiver operator curve 1.0 7
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Mean NRE between unenhanced and HB phases was 143
+62%. No differences were found between pleural effusion’s
NRE in patients with or without peritoneal carcinomatosis
(p>0.05). There was no correlation between NRE and max-
imum pleural effusion thickness, eGFR and time between
contrast administration and HBP acquisition (p > 0.05).

Discussion

Our study demonstrated that abdominal and pleural effusions
significantly increase their signal intensity in the hepatobiliary
phase after Gd-BOPTA administration, thus appearing iso/hy-
perintense. The degree of relative enhancement was not cor-
related with the time elapsed between contrast administration
and HBP acquisition, the estimated glomerular filtration rate

02 04 0.6 08 1.0
1 - Specificity

or the maximum ascites (or pleural effusion) thickness.
Normalised relative enhancement was significantly lower in
ascites secondary to peritoneal carcinomatosis than in ascites
due to other actiologies (Fig. 4).

The fact that iodinated contrast agents can diffuse into peri-
toneal effusions is well known in CT literature since the early
1990s, but the underlying mechanism is not fully understood
[16-18]. As previously speculated by Cooper, Benedetti and
colleagues, contrast diffusion may be related to increased vas-
cular permeability due to peritoneal disease or increased hy-
drostatic pressure, being the latter very common in portal hy-
pertension and congestive heart failure [16, 17]. The differ-
ence in the degree of relative enhancement we found between
ascites secondary to peritoneal carcinomatosis and ascites sec-
ondary to portal hypertension or congestive heart failure may
be explained by the different pathophysiological mechanisms

Fig. 4 Box and whisker plot ’\o\ 900
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underlying their formation. In peritoneal carcinomatosis, be-
sides an increase in peritoneal microvasculature and perme-
ability, ascites is mainly due to a production of peptides by
neoplastic cells, causing fluid exudation, whereas in chronic
liver disease and congestive heart failure, ascites is due to a
simple increase of hydrostatic pressure within peritoneal cap-
illaries, leading to transudation. Therefore, fluid exchanges
between blood and ascitic fluid are slower in peritoneal carci-
nomatosis than in portal hypertension or congestive heart fail-
ure, justifying lower contrast permeability in the first case.
The results of our study have two main clinical consequences.
First, the detection of ascitic fluid with low relative enhance-
ment on HBP images obtained during liver MRI should raise
the suspicion of peritoneal carcinomatosis. It is known that
MRI with DWTI has high sensitivity and specificity for perito-
neal metastasis detection, with values ranging from 85 to 90%
and from 88 to 91%, respectively, and an overall diagnostic
accuracy of 81-85% [19, 20]. In this setting, the degree of
relative enhancement can be used as an additional tool for
confirming the suspicion of carcinomatosis when peritoneal
nodules are visible or for suggesting additional investigations
when peritoneal implants are not recognizable. The second
main clinical implication lies in the interpretation of MRI
scans performed in the suspicion of biliary leakages. In these
cases, radiologists should be aware that ascites physiological-
ly becomes iso- to hyperintense in HBP after Gd-BOPTA
administration to avoid misinterpreting this phenomenon as
a biliary leakage. To our best knowledge, only one paper in
the literature focused on the relative enhancement of abdom-
inal effusions after hepatobiliary contrast media administra-
tion. Ciolina et al recently found that ascites becomes iso- to
hyperintense on HBP images in 88—100% of the cases after
both Gd-BOPTA and Gd-EOB-DTPA administration, with a
degree of enhancement that is greater in patients with chronic
liver disease [15]. Our study confirms their results, as also in
our series, ascites became iso/hyperintense in the large major-
ity of the cases (95.9%) with a degree of enhancement that
was significantly higher in patients with non-malignant asci-
tes. Moreover, in our series, ROC analysis highlighted that
normalised relative enhancement values < 112.5% are able
to identify malignant ascites with 100% sensitivity and
83.4% specificity. Despite this, our results showed some dif-
ferences from the findings of Ciolina and colleagues. First of
all, in our series, no correlation was found between degree of
ascites relative enhancement and free fluid volume.
Differently from their work, in which the amount of ascites
was determined qualitatively, we tried to quantify the amount
of ascites by measuring its maximum thickness in the
perihepatic space. Secondly, we did not observe any correla-
tion between NRE and time elapsed from contrast administra-
tion. This may be explained by the fact that we included only
patients who received Gd-BOPTA as contrast agent and,
therefore, HBP images were acquired with a minimum delay

of 60 min. Moreover, in our series, no correlation was ob-
served between ascites NRE and eGFR. However, our series
did not include any patient with severe renal insufficiency,
being the minimum eGFR 41 mL/min.

Our study has some limitations, mainly due to its retrospec-
tive design that limited the number of included patients. In
particular, in our series, the number of patients with ascites
secondary to peritoneal carcinomatosis was quite low (6/74
patients, 8.1%). This is due to the fact that few patients with
proven peritoneal carcinomatosis undergo liver MRI with Gd-
BOPTA administration, as in these cases, CT is generally the
modality of choice for primary staging and re-staging after che-
mo/radiotherapy. Moreover, no patients with peritoneal tuber-
culosis or other rare causes of ascites were included. Therefore,
larger prospective studies are needed to confirm our data.
Another potential limitation resides in the fact that the evaluated
MR examinations were performed on three different scanners;
this might lead to different signal intensity values. This limit has
been partially overcome by normalising ascites and pleural ef-
fusion signal intensities to the paraspinal muscle, trying in this
way to limit the effect of noise and field strength differences;
moreover, mean ascites NSI on unenhanced images did not
vary significantly between the different scanners. Lastly, in
our study, a single reader performed quantitative image analy-
sis; a double independent quantitative image analysis might be
useful for confirming method reproducibility.

In conclusion, peritoneal and pleural effusions show a sig-
nificant increase in their signal intensity on HBP after Gd-
BOPTA administration. Ascites normalised relative enhance-
ment on hepatobiliary phase images after Gd-BOPTA admin-
istration is significantly lower in patients with peritoneal carci-
nomatosis than in patients with ascites from other causes.
According to our results, NRE < 112.5% has high sensitivity
and specificity for identifying malignant ascites and might be
used as an additional tool for characterising abdominal free
fluid of unknown origin. Anyway, it must be kept into account
that our patient population included only 6 patients with peri-
toneal carcinomatosis; therefore, our results must be confirmed
on larger patient population, possibly in a prospective manner.
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