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AIM: To differentiate malignant from benign pericardial effusion with diffusion-weighted
magnetic resonance imaging (MRI).

MATERIAL AND METHODS: Retrospective analysis of diffusion-weighted MRI of 41 patients
(29 men and 12 women; mean 39 years) with pericardial effusion. Apparent diffusion coef-
ficient (ADC) of pericardial fluid, and associated pericardial mass or pleural effusion was
calculated. ADC of pericardial fluid was calculated by two observers and correlated
with cytological analysis. Receiver operating characteristic curves and Bland—Altman plots
were used.

RESULTS: There was significant differences in the ADCs between benign and malignant
pericardial effusions (p=0.001) by both observers. Mean ADC of malignant pericardial effusions
was (2.9240.29 and 2.86+0.33x10~3 mm?/s) and of benign effusions was (3.36+0.31 and
3.2840.28x10~3 mm?/s) for both observers, respectively. The cut-off values of the ADC used
for differentiating malignant from benign pericardial effusion were 3.25 and 3.05x 103 mm?/s
with areas under curve of 0.839 and 0.791, sensitivities of 88.2% and 70.6%, specificities of
69.6% and 73.9%, and accuracies of 78% and 72.5% for both observers, respectively. The overall
interobserver agreement of the ADC value of pericardial effusion by both observers was sig-
nificant (r=0.808, p=0.001). The interobserver agreement of malignant effusion (r=0.861,
p=0.001) and benign effusion was significant (r=0.659, p=0.001). The ADC of pleural effusion
is well correlated with ADC of pericardial effusion (r=0.088, p=0.001).

CONCLUSION: The ADC value is a non-invasive imaging parameter that can be used for
differentiation of malignant from benign pericardial fluid.

© 2019 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved.

Introduction

Pericardial effusion is a relatively common finding in a

is the initial imaging method for diagnosis of pericardial
effusion, but it cannot differentiate malignant from benign
effusion and it is operator dependent.®’ Computed to-

clinical practice that may be associated with several ma-
lignant tumours and benign lesions. Determining the na-
ture of pericardial effusion either malignant or benign is
often critical in patient management.' > Echocardiography
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mography (CT) can detect the presence of pericardial effu-
sion, but it is associated with radiation exposure.®” Routine
pulse sequences of magnetic resonance imaging (MRI) as
balanced steady-state free precession sequences and double
or triple inversion recovery fast spin-echo sequences can
detect pericardial effusions, but it cannot accurately char-
acterise their nature.'”~'? Paracentesis is the definite diag-
nosis, but may be associated with haemorrhage and it is an
invasive procedure."'?
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Diffusion-weighted MRI can provide better characteri-
sation of fluid because it reflects the random motion of
water protons, which is disturbed by intracellular organ-
elles and macromolecules located in the tissues. Thus, the
ADC values of the tissues vary according to the nature and
content of the fluid.'*~'® Recently, diffusion-weighted MRI
was used in the chest for evaluation of mediastinal masses
and bronchogenic tumours.">~'7 Only, one study discussed
the role of diffusion-weighted MRI in pleural effusion.'® To
the authors’ knowledge, there is no previous study in the
English literature that has discussed the apparent diffusion
coefficient (ADC) of pericardial effusion. Therefore, the aim
of the present study was to differentiate malignant from
benign pericardial effusion using diffusion-weighted MRI.

Material and methods
Patients

This study was approved by institutional ethics com-
mittee and informed consent was waived because this was a
retrospective study. This retrospective study was per-
formed, during the period between November 2006 and
November 2016. The study included 44 patients with peri-
cardial effusions. The inclusion criteria were patients with
pericardial effusion at MRI who underwent diffusion-
weighted MRI. The patients were referred for MRI for
staging of chest or breast malignancy, suspected pericardial
tumours or to search for the cause of pericardial effusion.
Three patients were excluded from the study due to poor
image quality with susceptibility artefacts. The final pa-
tients included in this study were 41 patients with peri-
cardial effusion. The final diagnosis was based upon
cytological examination of pericardial effusion from peri-
cardiocentesis (n=28) and histopathological examination of
pericardial mass from biopsy (n=13).

Routine MRI

MRI was performed using a 1.5 T MRI system (symphony;
Siemens Medical systems, Erlangen, Germany) with appli-
cation of automatic multi-angle-projection shim and the
chemical shift selective fat-suppression (CHESS) technique
to reduce artefacts of MRI. The motion-probing gradient
was applied before and after the 180 pulse with echo-planar
imaging readout. All patients underwent axial and coronal
true fast imaging employing steady state precession (FISP;
using a repetition time [TR] of 4.3 ms and echo time [TE] of
2.1 ms) with a section thickness of 5 mm, an intersection
gap of 1-2 mm, a field of view (FOV) of 25—35 cm, and an
acquisition matrix of 256x256.

Diffusion MRI

Diffusion-weighted MRI images were obtained using a
multi-slice spin-echo single shot echo-planar imaging
sequence. Imaging parameters were 10,000 ms TR, 108 ms
TE, 20x23 cm field of view (FOV), an acquisition matrix of
256x128, and section thickness of 5 mm with an inter-slice
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gap of 1-2 mm. Diffusion probing gradients were applied in
the three orthogonal directions (x, y, and z). Diffusion-
weighted MRI images were acquired with diffusion-
weighted factor, factor b of 0, 500, and 1,000 s/mmz. The
data acquisition time for the diffusion-weighted images was
2 minutes. The ADC maps were reconstructed using com-
mercial workstation with standard software (Leonardo
console software, version 2.0; Siemens AG Medical Solu-
tions, Forchheim, Germany).

Image analysis

A quantitative analysis of the apparent diffusion coeffi-
cient map was made. The ADC values were calculated by
two radiologists with experience of 22 and 12 years in MRI,
respectively. They independently calculated the ADC values
blinded to the patient data and the final diagnosis. A region
of interest was placed in the pericardial effusion by each
radiologist using the electronic cursor in three regions of
the pericardial fluid (Fig 1). The region of interest was
selected to be away from the regions of artefact. Each
radiologist took the mean of these three values, and calcu-
lated and represented the final ADC value per patient that
was used for statistical analysis. Another region of interest
was placed in the solid part of the associated pericardial
malignant tumour in 13 patients and associated pleural
effusion in 18 patients.

Statistical analysis

The description of data was done in the form of means
and standard deviations (SDs). Student’s t-test was used to
detect significant differences in the ADC values of malignant
and benign pericardial and pleural effusions. A p-value of
<0.05 was considered significant if at 95% confidence in-
terval. Bland—Altman plots were used for agreement of ADC
value between both observers. Receiver operating curve
(ROCQ) characteristics were calculated to determine the cut-
off point that was used to differentiate malignant from
benign pericardial effusion with calculation of area under
the curve, accuracy, sensitivity, specificity, and positive
predictive and negative predictive values. The statistical
analysis of the data was done by using the SPSS program
(Statistical Package for Social Science version 20).

Results

Patients with pericardial effusion were 29 men and 12
women aged 22—68 years, mean 39 years. The patients
were presented with dyspnoea (n=37), and chest pain
(n=34). The causes of pericardial effusion were malignant
(n=17) and benign (n=24). The causes of malignant (Fig 1)
pericardial effusions were non-small cell lung cancer (n=5),
lymphoma (n=4), breast cancer (n=4), malignant thymoma
(n=2), and pleural mesothelioma (n=2). The causes of
benign (Fig 2) pericardial effusions were congestive heart
failure (n=5), systemic lupus erythromatosus (n=4), anti-
phospholipid antibody syndrome (n=3), chronic renal fail-
ure (n=3), tuberculosis (n=3), and unknown (n=6).
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Figure 1 Malignant pericardial effusion. (a) Axial true-FISP MRI image shows hyper-intense pericardial effusion in a patient with malignant
thymoma. (b) ADC map shows localisation of three regions of interest within the pericardial effusion (long arrow) with a calculated ADC value of
2.92x10~3 mm?/s. The malignant thymoma (short arrow) shows unrestricted diffusion with a low ADC value (0.99 x10~> mm?/s).

(b)

Figure 2 Benign pericardial effusion. (a) Axial true-FISP MRI image shows hyper-intense pericardial effusion in a patient with benign pericardial
effusion. (b) ADC map showing unrestricted diffusion of pericardial effusion. The mean ADC value of pericardial effusion was 3.12x10~> mm?/s.

There was a statistically significant difference (p=0.001)
in the ADC values between benign and malignant pericar-
dial effusions of both observers. The mean ADC values of
malignant pericardial effusions were 2.92+0.29 and
2.86+0.33x10~2 mm?/s and benign pericardial effusions
were 3.36+0.31 and 3.28+0.28x10~> mm?/s for both ob-
servers, respectively (Fig 3). The cut-off values of ADC value
used to differentiate malignant from benign pericardial
effusion were 3.25 and 3.05x10~3 mm?/s with areas under
the curve of 0.839 and 0.791, sensitivities of 88.2% and
70.6%, specificities of 69.6% and 73.9%, accuracies of 78% and
72.5%, negative predictive values of 89.5% and 77.3%, and
positive predictive values of 68.2% and 66.7% for both ob-
servers, respectively (Fig 4; Table 1). The overall interob-
server agreement of the ADC value of pericardial effusions
by both observers was significant (r=0.808, p=0.001; Fig 5).
The interobserver agreement of malignant -effusion
(r=0.861, p=0.001) and benign effusion (r=0.659, p=0.001)
was significant.

4 - W Malignant lesion M Benign lesion

3.28

Mean (SD)
N

ADC (1st observer) ADC (2nd observer)

Figure 3 Box plot of the ADC value of pericardial effusion obtained by
the two observers. The mean ADC values of malignant pericardial
effusions were 2.92+0.29 and 2.86+0.33x10~> mm?/s and benign
pericardial effusions were 3.36+0.31 and 3.28+0.28x10~> mm?/s for
both observers, respectively.
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Figure 4 ROC curves obtained by both observers. The cut-off values
of the ADC value used for differentiation of malignant from benign
pericardial effusion were 3.25 and 3.05x10~3 mm?/s with areas under
curve of 0.839 and 0.791, sensitivities of 88.2% and 70.6%, specificities
of 69.6% and 73.9%, and accuracies of 78% and 72.5% for both ob-
servers, respectively.

There was misdiagnosis in three patients. Two patients
with malignant pericardial effusion exhibited high ADC, and
were misdiagnosed as having benign effusion while another
patient with benign pericardial effusion exhibited low ADC
and was misdiagnosed as having malignant effusion.

Malignant pericardial effusion was associated with
pericardial mass in 13 patients. The ADC of pericardial
metastasis from non-small cell lung cancer (n=5) was
1.0940.19 (0.9-1.31)x 103 mm?/s, lymphomas (n=4) was
0.7740.03 (0.74—0.82)x10~3 mm?/s, malignant thymoma
(n=2) was 0.89+0.13 (0.80—0.99) x 10~> mm?/s, and pleural
mesotheliomas (n=2) was 115+0.18 (1.02—1.27)x103
mm?/s. There was no significant difference (p=0.70 and
0.60) in the ADC values of different malignant pericardial
masses by both observers, but malignant lymphomas
showed lowest ADC values within malignant pericardial
masses. There was no significant correlation between ADC
of the pericardial mass and effusion (r=0.801, p=0.51).

Pericardial effusion was associated with pleural effusion
in 18 patients. The mean ADC value of malignant pleural
effusion (n=11) was (2.83+0.29x10> mm?/s) was signifi-
cantly different (p=0.001) than that of benign effusion
(n=7) was 3.25:+0.31x10~> mm?/s. There was positive cor-
relation between the ADC value of pericardial and associ-
ated pleural effusion (r=0.088, p=0.001).
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Discussion

The main findings in this work are the presence of a
significant difference in ADC value of malignant and benign
pericardial effusion and correlation of the ADC value of
pericardial effusion with the ADC value of pleural effusion.

In the present study, the mean ADC value of malignant
pericardial effusion was significantly lower (p=0.001) than
that of benign pericardial effusion. This may be attributed to
difference in the biological structures, such as cellular
structures and protein binding, as well as physical param-
eters such as high viscosity of the malignant and benign
pericardial fluid. Malignant effusion is an exudative fluid
that is composed of high protein and cell counts, and may
show fibrous strands as well as haemorrhagic fluid that
decreases the viscosity of the fluid with restricted dif-
fusion.' ® In addition, the presence of malignant cells
within the fluid increases cellularity with subsequent
restricted diffusion and lower ADC value. Benign pericardial
effusion is composed of exudative fluid with less protein
and cell counts represented by increased ADC values.?

In the present study, there is overlap between the ADC
values of malignant and benign pericardial effusions. Pa-
tients with tuberculous pericardial effusion exhibiting
restricted diffusion with low ADC value were misdiagnosed
as malignant effusion. This is attributed to the presence of
excess fibrous tissue within the pericardial fluid with sub-
sequent restriction of diffusion.”” In addition, malignant
pericardial effusion may reveal high ADC values due to
presence of few malignant cells within the pericardial
effusion.!

Previous studies have reported that the ADC value of
mediastinal lymphomas was lower than that of metastatic
lesions’*?! and diffusion-weighted MRI may be helpful in
the characterisation of mediastinal masses, thymic tu-
mours, and bronchogenic carcinomas.”’ ?? In this study,
associated pericardial malignant lymphoma shows lower
ADC values than other pericardial malignant tumours. This
may be attributed to higher cellularity of malignant lym-
phomas compared to other malignancy; however, there was
no significant difference in ADC values of different peri-
cardial malignant masses. Further studies on large numbers
of patients with pericardial mass will better characterise
pericardial tumours in the future.

In the present study, there was a significant difference in
the ADC values of malignant pleural effusion than benign
effusion and the ADC value of pleural effusion correlated
with the ADC value of pericardial effusion. Previous studies
have reported that there is a significant difference in the

Table 1

Receiver operating characteristic (ROC) curve results with calculation of sensitivity and specificity of both observers.
ADC AUC (95%CI) p-value Cut-off points Sensitivity % Specificity % Accuracy % NPV % PPV %
Observer 1 0.839 (0.71-0.96) p=0.001 <3.25 69.6 78 89.5 68.2
Observer 2 0.791 (0.65—0.93) p=0.002 <3.05 73.9 72.5 773 66.7

ADC, apparent diffusion coefficient; AUC, area under the ROC curve; NPV, negative predictive value; PPV, positive predictive value.
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Figure 5 Bland—Altman plots for agreement of ADC values of pericardial effusions by both observers (r=0.808, p=0.001).

ADC value between exudative and transudative pleural
effusion.'®

There are some limitations of this study. First, this study is
retrospective with potential selection bias of patients and a
small number of patients. Further prospective studies
comprising large numbers of patients with pericardial
effusion and pericardial masses will improve the results.
Second, this study applied echo-planar diffusion-weighted
MRI at 1.5 T. Further studies with the application of diffusion
tensor MRI,>> 2® arterial spin labelling’’*® with advanced
post-processing methods and machine learning using
higher magnet strengths may provide a better characteri-
sation of pericardial effusion.’” > Third, the difference in
parameters of pulse sequences and scanner could affect the
ADC values of pericardial effusion. Standardisation and
updating of parameters of pulse sequences of different
scanners improves the analysis of different studies.

In conclusion, ADC values can be used to differentiate
malignant from benign pericardial effusion.
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