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Abstract

Purpose: The aetiology of free fluid detected in the abdomen can be investigated with magnetic resonance imaging (MRI).
The aim of this study is to investigate the effectiveness of diffusion-weighted images (DWI) and apparent diffusion
coefficient (ADC) values in the evaluation of abdominopelvic fluids.

Material and methods: Patients with abdominopelvic fluid detected on MRI of the lower abdomen were included in
this retrospective, single-centre study. Paracentesis and fluid analysis was performed in these patients. The average
ADC values in fluids were measured by a radiologist. A cut-off value was determined, and the specificity, sensitivity,
negative predictive value (NPV), and positive predictive values (PPV) were calculated. Intra-observer agreement
was investigated.

Results: The study comprised 41 (33 female) patients, and their mean age was 48 + 4.02 years. The ADC values in
infective fluids were significantly higher than in non-infective fluids (p < 0.001). The cut-off value used was 2.95 x
10 mm?/s. According to this threshold value, sensitivity in distinguishing non-infective from infective fluids was
88%, specificity was 93.8%, PPV was 95.7%, and NPV was 83.3%. Intra-observer agreement was strong in ADC
values (k = 0.699) (p < 0.001).

Conclusions: We concluded that the ADC value is a non-invasive, reliable, reproducible imaging parameter that can

be useful in the evaluation and characterization of abdominal fluids.
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Introduction

Ascites is the abnormal accumulation of fluid in the peri-
toneal cavity. Normally, there is a small amount (< 50 ml)
of high protein (4 g/dl) fluid in the peritoneal cavity, as
in other serous spaces. The accumulation of pathological
amounts of fluid in the peritoneal cavity is called ascites,
and this fluid is called ascites fluid [1]. Ascites is the most
common complication of cirrhosis and the most common
cause of acid build up in liver disease and cirrhosis, espe-
cially in those that are alcohol related [2]. This fluid ac-
cumulation can be due to various aetiological reasons, de-
pending on the differences in its pathogenesis. According

to Starling’s hypothesis, there are 2 important factors in
ascites formation, comprising plasma colloid osmotic
pressure and portal venous pressure, and fluid exchange
between blood and tissue spaces is controlled by the bal-
ance between them [3]. When ascites is detected in a pa-
tient, differential diagnosis is important because the treat-
ment is determined according to the nature of the fluid.
The diagnosis is made in line with the clinical, biochemi-
cal, and pathological findings. Generally, the first step is
the biochemical analysis of the fluid, which is taken via
paracentesis, to distinguish the effusion from exudate and
transudate [4]. It can be used for the same purpose in the
Light Criteria after determination of the protein and lac-
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tate dehydrogenase (LDH) in the blood and abdominal
fluid [5]. In such cases, albumin levels in the blood and
abdominal fluid can help to differentiate it [6,7]. If it is de-
finitively determined that the fluid is exudate, additional
examinations, such as abdominal fluid cytology, Gram
staining, and culture, are required to evaluate the regional
factors [8]. In addition, some clinical symptoms such as
fewer, abdominal pain, encephalopathy, gastrointestinal
bleeding, leukocytosis, renal failure, or metabolic acidosis
were found in these patients. Possible risks of paracente-
sis can be prevented with a non-invasive imaging method
that can be used for such cases. In recent years, magnetic
resonance imaging (MRI) has been used to investigate
a wide variety of chemical and physical properties of tis-
sues. Diffusion-weighted imaging (DWTI) is a functional
imaging technique that reflects molecular water move-
ment in biological tissues, which has recently been exam-
ined in clinical studies. DWTI provides information about
the mobility or viscosity of water molecules that differ in
normal and abnormal tissue. An apparent diffusion coef-
ficient (ADC) map, which is a mathematical map obtained
with different gradients, is interpreted via DWTI [9,10].
High ADC values, i.e. normal or increased diffusion con-
ditions, are seen in healthy tissues or benign pathologies.
These lesions have large extracellular areas and decreased
cell density. Conversely, low ADC values obtained by the
restriction of diffusion indicate hypercellularity and cyto-
toxic oedema or a concentrated content (haemorrhage or
high protein content) [11].

The aim of this study was to investigate the effective-
ness of DWT and the obtained ADC values in distinguish-
ing the infectious and non-infectious aetiology of abdom-
inopelvic fluids.

Material and methods

Study population

After obtaining approval from the local Ethics Committee
(05/03.03.2021), patients who were admitted to our hos-
pital with different complaints between January 2015 and
June 2019 and who were found to have abdominopelvic
fluid on radiological examination were evaluated. Fifty

Initial pelvic MRI screening with ascites (n = 170)

Exclusion criteria:
- Patients without paracentesis (n=120)
- Partial volume effect,
> inhomogeneity, or motion artifacts ~ (n=4)
- Anteroposterior thickness of less
than 15 mm n=2)
v - Hemorrhagic contents (n=3)

Patients included to study (n = 41)

Figure 1. Flow chart of the study

participants who underwent paracentesis for the diagnosis
of the detected fluid and biochemical-pathological analy-
sis of the fluid were included in the study. Some patients
who could not be evaluated or measured due to the partial
volume effect, inhomogeneity, or motion artifacts were
excluded from the study. The reasons for this were that the
abdominopelvic fluid had an anteroposterior thickness
of less than 15 mm, or there was only upper abdominal
fluid because there was no suitable area for measurement.
The fluid with a dense haemorrhagic content was ex-
cluded because it disrupted the ADC values (Figure 1).
Thus, a total of 41 patients (33 females, 8 males) with ab-
dominopelvic fluid were included in the study. The fluids,
taken via the paracentesis method, were delivered to the
necessary laboratories for biochemical, microbiological,
and cytological examination. With this fluid additional
examinations were performed, such as a cytological evalu-
ation, in addition to measurement of the cell count, ad-
enosine deaminase (ADA) level, presence of bilirubin, and
amylase level, to determine whether the fluid was infective
or not. The tests were administered as part of the routine
evaluation process for these patients. Therefore, they were
performed at no additional cost. A general consent form
was obtained from each of the participants, allowing their
findings to be used for research and educational purposes,
provided that their identities were kept confidential.

Magnetic resonance imaging protocols

All participants were imaged using a 1.5 T MR (Magne-
tom Area; Siemens AG Medical Solutions, Forchheim,
Germany) device at our Imaging Unit. The examinations
were performed with the patient in the supine position,
head-first in the device. Abdominopelvic MRI examina-
tions were performed using an 18-channel body coil and
were accompanied by respiratory monitoring. During
the examination, information was given to the patients
regarding the facts about the issues that they must com-
ply with. Sedation was not applied. First, the anatomical
images were taken with a coronal and axial T2-weighted
single-shot fast spin echo (HASTE; TR/TE1: 200/91 ms;
slice thickness: 6 mm; inter-slice spacing: 1 mm; average
number of signals: 1; field of view: 400-500 mm?* matrix
size: 256 x 256; integrated parallel acquisition technique
factor). Later, 3 series, comprising single shot, spin echo,
and eco-planar (SS-SE-EP), were performed. Using the
DWI method (TR/TE/NEX/eco-planar imaging factor:
4000/98/1/77; sensitizing variables in x, y, and z direc-
tions), images were obtained with b values at the level of
50, 400, and 800 s/mm?. ADC maps were then construct-
ed from these images. Fat suppression was performed
using the spectral saturation inversion recovery (SPIN)
technique. MRI examination was performed at 1-mm in-
tervals, a 6-mm thick slice thickness, and 120 x 192 ma-
trix setting. The DWI display time was 3-4 min.
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Imaging analysis

Quantitative analysis was performed using the Siemens
Workstation syngo.via View Forum (release 3.4-inch sys-
tem, Erlangen, Germany). The measurements of the ADC
values were made by a radiologist who had 15 years of
professional experience, and was unaware of the clini-
cal findings. Measurements were made on ADC maps
with reference to the T2-weighted images of the patients.
The ADC values were measured by the region of interest
(ROI). The ROI was standardized to 1 cm?, placed in the
centre as much as possible to reduce interference with sur-
rounding tissues, and the area was kept wide. The radiolo-
gist made 3 separate measurements from different areas
of the fluid. Measurements were repeated after 3 weeks
for intra-observer evaluation. The mean of these measure-
ments was determined as the average ADC value of the
abdominopelvic fluid.

Statistical analysis

Statistical analysis was performed using IBM SPSS Statis-
tics for Windows 25.0 (IBM Corp., Armonk, NY, USA).
Data were presented as the mean + standard deviation.
Analysis of whether the numerical data showed nor-
mal distribution was performed using the Kolmogorov-
Smirnov test. The differences between the normally dis-
tributed groups were investigated using Student’s ¢-test.
The 2-test was used to calculate the differences between
the categorical variables. P < 0.05 was considered as sta-
tistically significant. Intra-observer agreement in distin-
guishing between the infected and non-infected fluid ac-
cording to ADC values was evaluated with the k test. ROC
curve analysis was performed to distinguish the ADC
values of the infective and non-infective abdominopelvic
fluids from each other. A potential cut-off value was deter-
mined and the specificity, sensitivity, negative predictive
value (NPV), and positive predictive values (PPV) were
calculated. In the evaluation of the area under the curve,
cases with a type 1 error level below 5% were interpreted
as having a diagnostic test value that was statistically sig-
nificant.

Results

A total of 3583 pelvic MRIs obtained in a single tertiary
centre with the standard protocol were re-evaluated. Pa-
tients who did not have ascites, did not undergo paracen-
tesis, had ascites of haemorrhagic character, had a fluid
thickness of less than 15 mm, and whose MRI examina-
tions could not be evaluated as optimal due to artifacts
were excluded from the study. Thus, the number of partic-
ipants included in the study was 41 (Figure 1). The average
age of participants was calculated as 48 + 4.02 years (age
range: 18-86 years, 95% CI: 42.04-53.96). Thirty-three of
the participants were female and 8 were male. Twenty-one

ADCin abdominal fluids

Figure 3. The ADC values in non-infective pelvic fluid in a 62-year-old male
patient with pancreatic adenocarcinoma

of the intraabdominal fluids were of malignant processes;
20 of them were due to benign processes, and one of them
was due to cardiac failure. A female patient with a diag-
nosis of lobular breast carcinoma with liver metastases
and a male patient with a diagnosis of non-small cell lung
cancer were imaged with MRI for intra-abdominal fluid
(Figures 2 and 3). Among the participants included in this
study, none had a proven diagnosis of tuberculosis, which
is a common infection and a cause of increased fluid in
the abdomen. The biochemical properties and causes of
the detected intra-abdominal fluids are given in Table 1.
The biochemical characteristics of the fluids were transu-
date in 25 cases and exudate in 16 cases. The mean ADC
values were 2.89 £ 0.19 x 10 mm?/s in transudate fluids
and 2.99 + 0.21 x 10 mm?/s in exudate fluids. There was
no statistically significant result between biochemical
properties and ADC values (p = 0.052). Intra-abdominal
fluid was transudate in 12 patients with intra-abdominal
malignancy and exudate in 9 patients. Of the infective
fluids, 12 were exudates and 8 were transudate. The mean
ADC values obtained were 2.66 + 0.19 x 10* mm?/s from
infective fluids and 3.24 + 0.22 x 10> mm?/s in non-infec-
tive fluids. ADC values were higher in non-infectious flu-
ids. There was a significant difference between the groups
(p < 0.001) (Table 2). The non-infective fluid mean ADC
value was 3.02 + 0.28 x10°* mm?/s in females and 3.04
+0.12 x 10 mm?/s in males. The infective fluid mean
ADC value was calculated as 2.62 + 0.34 x 10 mm?/s in
females and 2.42 + 0.31 x 10° mm?/s in males. There was
no statistical correlation between gender and ADC values
in both groups (p < 0.538).

The ROC curve analysis obtained by plotting the
ADC values planned to be used to differentiate between
infective and non-infective fluids showed an AUC of 0.99
(0.96-1; 99% CIL p < 0.001). In this analysis, the optimum
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Table 1. Causes of development of abdominopelvic fluids

The aetiology The features of fluid
of peritoneal fluid | fransudate (21F,4M) | Exudate (12F, 4M)
Colon cancer 2 1
Undiagnosed fluid 3 3
Malign epithelial tumour 1 -
Cervix carcinoma 1 1
(ardiac failure 1 -
Renal cell carcinoma 2 1
Crohn disease 1 -
Endometrioma 1 -
Acute pancreatitis 1 1
Cholangiocellular 3 -
carcinoma

Metastasis 1 1
Pancreas carcinoma 1 -
Testis carcinoma - 1
Over carcinoma 2 2
Endometrium ca - 1
Pelvic inflammatory 2 4
disease

Cirrhosis 1 -
Ovarian simple cyst 2 -
Total 25 16

cut-off value for the ADC values in infectious and non-
infectious fluids was calculated as 2.95 x 10° mm?/s (Fig-
ure 4). According to these threshold values, the sensitiv-
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Figure 4. ROC curve for parameters in the discrimination of groups (infec-
tious or non-infectious origin)

Table 2. Analysis of ADC values obtained by DWI of infectious and non-
infectious fluids

Non-infectious

(n=16) fluids (n = 25)

‘ Infectious fluids

ADC values
(% 107 mm?/s)

2.66+0.19
(95% Cl: 2.56-2.76)

3.24+0.22
(95% (l:3.15-3.33)

DWI - diffusion-weighted imaging, ADC — apparent diffusion coefficient

ity of the ADC values in distinguishing the non-infective
fluids from the infective fluids was 88%, the specificity
was 93.8%, the PPV was 95.7%, and the NPV was 83.3%
(Figure 5).

The ADC values obtained by the radiologist who per-
formed MRI evaluations and measurements at worksta-
tions at different times were as follows: The mean ADC
value obtained at the first evaluation was 2.66 + 0.2 x 1073
mm?/s for infectious fluids and 3.24 + 0.22 x 10> mm?/s
for non-infectious fluids. The values obtained in the sec-
ond evaluation were 2.65 + 0.2 x 10 mm?®/s and 3.23 +
0.19 x 10 mm®/s, respectively. The intra-observer agree-
ment value (k) in determining the threshold value of the
ADC measurements was calculated as 0.699 to evalu-
ate the repeatability and reliability of the measurements
(strong agreement, p < 0.001).

Discussion

Ascites refers to fluid accumulation in the peritoneal cav-
ity as a general concept. Under normal conditions, there is
around 25 ml of protein-rich fluid in the peritoneal cavity.
The differential diagnosis of a patient with ascites begins
with the analysis of the ascites fluid. Although there are

4.000
031
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3.500 __
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= 27 -
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2.000
Infectious Non-infectious

Pathology

Figure 5. Box charts according to the aetiology of peritoneal fluid
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many reasons for this fluid increase, most often it is a de-
compensation finding that is frequently encountered in
the natural course of cirrhosis [12,13]. Complications of
ascites can be listed as fluid infections, hepatorenal syn-
drome, hepatic hydrothorax, and abdominal wall hernias.
The frequency of spontaneous acid infections is vari-
able and has been reported as between 3.5-25% [14-17].
Possible risks of paracentesis can be prevented with
a noninvasive imaging method that can be used for such
patients. These radiological methods include ultrasonog-
raphy (US), computed tomography (CT), and MRI [18].
In most cases, it is inadequate to characterize fluids by
calculating the CT attenuation values, measuring signal
intensities on the MRI, or using contrast agents [19,20].
DWI, which can be applied to devices with a magnetic
power of 1.5 T or above, is a fast and noninvasive MRI
method that does not require the use of contrast agents
[21,22]. With the use of fast MRI sequences, such as echo-
planar imaging, DWI can be used to image all parts of the
body [23,24]. In our imaging centre, DWTI is included in
the abdominal MRI protocol. DWI measures the random
movements of water molecules, while ADC reflects the
quantitative value and speed of diffusion impedance of
water molecules. The ADC values can be calculated au-
tomatically using the software in MRI devices [21,25,26].
The ADC map obtained by DWI has emerged as a new
method for characterization of pleural fluid at the molec-
ular level [27]. There are 3 studies in the English language
medical literature regarding the use of DWI in pleural
fluid analysis [27-29]. In these studies, the ADC values
were found to be lower in the exudative fluids than in the
transudative fluids. To the best of our knowledge, there
have been no other studies conducted to determine the
diagnostic value of ADC values in abdominopelvic fluids.
In the findings herein, the mean ADC values of the infec-
tive fluids were significantly lower than those of the non-
infective fluids. Therefore, the hyperintensity of exudate
in the DWI images could not be completely attributed to
the T2 FLAIR effect. The differences in the ADC values
may have been due to the fluid content. Since infective,
malignant, and tuberculosis-related fluids are rich in pro-
tein content and the number of cells (inflammatory cells,
tumour cells, and lymphocytes, respectively). The ADC
values in these fluids were found to be low. In the current
study, only the ADC values of the fluids were taken into
consideration, while a quantitative and qualitative analy-
sis of the DWI was not performed. The ADC threshold
value, specificity, sensitivity, NPV, PPV, and diagnostic
accuracy ratio were 3/38 x 10°* mm?/s, 85%, 90.6%, 85%,
90.6%, and 88.5% for the first study; 3.6 x 10° mm?/s,
63%, 71%, 68%, 66%, and 67% for the second study; and
3.51 x 10”° mm?/s, 90.4%, %78, 86.5%, 83.9%, and 84.9%
for the third study [26,28,29]. In the present study, the

ADCin abdominal fluids

ADC threshold value was measured as 2.95 x 10 mm?/s,
and the threshold value was significantly lower than in
the other studies. Standing and lying in a fixed position
can cause the abdominopelvic fluid to concentrate due to
gravity. In this study, the ADC values measured from the
lower abdomen and pelvic regions may have been lower
due to this concentration.

Lower abdominal and pelvic fluids were included in
this research for the reliability of the study because it was
observed that the ADC threshold values in the examina-
tions performed in the upper abdomen were similar to
the values measured in pleural fluids in other studies.
The specificity, sensitivity, NPV, PPV, and diagnostic ac-
curacy rate of the ADC value in the abdominal fluids were
similar to those in other studies.

This study had some technical limitations. The first
of these was the low signal-to-noise ratio in the echo
planar imaging (EPI) sequence obtained with a high
b value, resulting in image distortion. Another limita-
tion was that anatomical distortion may have occurred
in the EPI sequence due to sensitivity effects [24]. In the
study of Miirtz et al., to reduce the effect of this limita-
tion, the ECG-triggered SS-SE-EPI sequence was used in
12 patients to minimize the effect of their heartbeat [30].
As a result, they observed that when the pulse-triggering
technique was not used, the accuracy rate of the ADC
values measurements of the abdominal organs decreased
with DWI. In this study, the pulse triggering technique
was not used in the imaging protocol.

In summary, the diagnosis of infective or non-infective
abdominal fluids was performed via the combined evalu-
ation of the imaging, laboratory results, and clinical in-
formation. Early diagnosis of infective fluid before wall
structure occurs may prevent unnecessary invasive treat-
ments. According to the preliminary data, DWI can be
useful in these situations. It can be easily included in
abdominopelvic examinations because its application is
quick and simple with reasonable sensitivity and specific-
ity. DWI offers the radiologist tips for evaluating abdomi-
nal fluids in their daily radiological practice.

Conclusions

It was concluded that the ADC value is a noninvasive,
reliable, and reproducible imaging parameter that can be
useful in the evaluation and characterization of abdomi-
nal fluids. The findings of this study should be confirmed
in further studies involving larger participants and larger
pathologic conditions.
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