
Pleural effusions are usually diag-
nosed on the basis of clinical, radio-
logical and pathological findings. 
The main types of pleural effusions 
are defined as transudate and exu-
date according to their biochemical 
features, mostly separated by Light’s 
criteria (measurement of lactate de-
hydrogenase (LDH) and protein con-
centrations in both pleural fluid and 
serum) (1). However, transudate and 
exudate classification of pleural effu-
sions with Light’s criteria can occa-
sionally fail, especially in cases that 
have undergone diuresis (2, 3). If the 
pleural effusion is definitely identi-
fied as a transudate, no further diag-
nostic procedures are needed (1, 4). 
If it is found to be an exudate, addi-
tional diagnostic procedures such as 
pleural fluid cytopathology, Gram 
staining, culture, etc. are neces-
sary (2, 5). Differentiation of transu-
date and exudate before thoracente-
sis therefore becomes mandatory in 
order to avoid unnecessary interven-
tional procedures and their potential 
complications. 

Exudative effusions can have 
 benign (bacterial pneumonia, viral 
infection, pulmonary embolism, etc.) 
and malignant (lung cancer, breast 
cancer, lymphoma, etc.) causes. We 
believe that there is a need for an 

sion coefficient (ADC) without be-
ing affected by the partial volume 
effect and motion artifact. The 
thickness of the pleural effusions 
detected on chest x-ray was eval-
uated by US. The thickness of the 
pleural effusions detected on CT 
examination was measured. 
Pleural effusions less than 1 cm 
in thickness were excluded from 
the study.

2. Cases where pleural effusion as-
piration and analysis were 
planned were included in the 
study.

3. Cases who were severely dys-
pneic, and would not be able to 
lie in the supine position during 
the entire diffusion-weighted im-
aging (DWI) examination or had 
claustrophobia were excluded 
from the study.

All patients were examined with a 
1.5 T MRI scanner (GE Signa, HDxt). 
The maximum gradient power of 
this system was 30 mT/m and the 
slew rate was 150 mT/m/msec. T1- 
and T2-weighted conventional im-
ages on the axial plane were ob-
tained to evaluate the anatomical 
detail better and to determine the 
pleural effusion localization and sig-
nal characteristics. Subsequently, 
4 series of single-shot spin-echo 
echo-planar (SS-SE-EPI) diffusion-
weighted (DW) images (TR 4050 ms, 
TE 78.2 ms, field of view 
38 × 30.4 cm2, matrix size 128 × 160, 
slice thickness 8 mm, interslice gap 
2 mm) were obtained using 4 
 different b values (10, 500, 750 and 
1000 s/mm2) on the axial plane. 

 alternative non-invasive diagnostic 
method for inflammatory-infectious 
and malignant differentiation of exu-
dative pleural effusions.

In this study, we aimed to assess 
exudative pleural effusions with dif-
fusion-weighted magnetic reso-
nance imaging (DW-MRI) in order to 
determine differentiation criteria for 
inflammatory-infectious and malig-
nant processes.

Materials and methods

This prospective study was ap-
proved by the institutional review 
board and written informed consent 
was provided by all subjects. 

A total of 43 patients who present-
ed to Canakkale Onsekiz Mart Uni-
versity Research and Application 
Hospital between January 2011 and 
December 2012 with various symp-
toms and in whom the chest x-ray, 
ultrasound (US) and computed to-
mography (CT) examinations re-
vealed pleural effusion were includ-
ed in the study. The study inclusion 
and exclusion criteria were as fol-
lows:

1. The amount of pleural effusions 
had to be adequate for accurate 
measurement of apparent diffu-
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statistical power: 0.80). Statistical 
significance was set at p < 0.05. Med-
Calc v.12.7.5.0 were used for statisti-
cal analyses.

Results

Seven patients could not keep still 
during MR imaging and the obtained 
images were of poor quality, so they 
were excluded from the study. Of the 
remaining 36 patients, 4 patients 
who were found to have transuda-
tive pleural effusions were also ex-
cluded. Finally we included 6 females 
and 26 males for a total of 32 pa-
tients. The median age was 63 (min: 
26, max: 88) years. The causes for 
exudative pleural effusion are given 
in table I. 

We evaluated DWI in terms of 
 inflammatory-infectious/malignant 
differentiation of exudative pleural 
effusions and found that the SI and 
ADC values measured with different 
b values were not appropriate for in-
flammatory-infectious/malignant dif-
ferentiation of the exudates. After 
ROC Analysis, the cut-off values ob-
tained from SI and ADC measure-
ments to differentiate exudates with 
malignant pathology were not found 
to be statistically significant. No 
 difference was found between ROC 
curves obtained with different b val-
ues for SI and ADC. There was no 
significant difference between the 
AUC in the analyses performed for 
each b value. The p value was > 0.05 
for all analyses in both tables 
 (Table II). 

When inflammatory-infectious 
and malignant groups are analysed 
separately, in the former group, 
a significant negative correlation 
was observed between ADC values 
and pleural fluid LDH measurements 
in all b values of 10 (r = –0.46, 
p = 0.021), 500 (r = –0.76, p < 0.001), 
750 (r = –0.70, p < 0.001), and 1000 
(r = –0.59, p = 0.002) (Fig. 2) and no 
statistically significant correlation 
was found between ADC values and 
pleural fluid total protein measure-
ments. 

In the malignant group, a signifi-
cant positive correlation was ob-
served between ADC values and 
pleural fluid total protein measure-
ments in b values of 500 (r = 0.67, 
p = 0.012) and 750 (r = 0.73, p = 0.005) 
(Fig. 3) and no statistically significant 
correlation was found between ADC 
values and pleural fluid LDH mea-
surements. The correlation analysis 
results of ADC values with LDH and 
total protein levels of pleural effu-
sion in both groups are given in 
table  III.

Thoracentesis was performed by 
a thoracic surgeon after MRI. Pleural 
fluid of 10-15 ml was obtained and 
analyzed. The pleural fluid was pri-
marily classified as transudate or 
exudate according to Light’s crite-
ria (6). The pleural fluid sample was 
then microbiologically and patholog-
ically analyzed. Whether the fluid 
was of benign or malignant origin 
was determined.

Statistics

Data was presented as median 
(minimum-maximum) values. ROC 
(receiver operating characteristic) 
analysis was used for obtaining cut-
off values for inflammatory-infec-
tious/malignant differentiation and 
comparing the AUC (Area under the 
curve) values for different diffusion 
levels of ADC and SI measurements. 
The relationship between ADC val-
ues and pleural effusion LDH and to-
tal protein levels was examined by 
performing correlation analysis and 
Spearman correlation coefficient 
was computed. The minimum sam-
ple size required for each group was 
determined at least n = 30 (desired 

 Unidirectional diffusion gradients 
(readout direction; right-left, R-L) 
were applied. ADC maps were gen-
erated automatically from the DW 
images obtained. 

Quantitative analyses were per-
formed on a dedicated workstation 
(General Electric, Advantage work-
station, 4.4 edition). An average of 
203 mm2 elliptical or spherical re-
gions of interest (ROI) were placed in 
3 different locations of the pleural 
effusion in order to measure signal 
intensity values (SI) on DW images 
and the ADC values on ADC maps 
(Fig. 1). Both values were averaged 
separately and the resulting values 
were considered the final quantita-
tive values. ROI of the same dimen-
sions was used for each b factor. In 
order not to be affected from possi-
ble magnetic susceptibility and 
 motion artifacts, we stayed away 
from the lung-pleural fluid sections, 
diaphragmatic areas and the regions 
where the heart and major vascular 
structures were present during 
ROI placement and measurement, 
 placing the ROI’s at the most homo-
geneous segments possible of the 
pleural effusions.

Fig. 1. — A fifty-six year old male diagnosed with para-
pneumonic effusion. Axial T2W image shows a 53 mm wide left 
pleural effusion with high signal intensity (A). Three different 
ROI placement for SI measurement on DW images obtained 
with a b-value of 10 (B), 500 (C), 750 (D) and 1000 (E) and ADC 
measurement on corresponding ADC map (F) are shown.
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Fig. 2. — Fifty-five (A, B and C) and seventy-four (D) year old 
male patients diagnosed with empyema. The former patient 
who has higher pleural effusion LDH level (2388 U/L), demon-
strates lower ADC measurement (0.002757) compared with the 
latter patient who has a LDH level of 151 U/L and mean ADC 
measurement of 0.004057.

Table I. — Causes of pleural effusions.

Etiology
Benign (n = 19)
Parapneumonic effusion 12
Empyema 4
Tuberculosis 1
Sarcoidosis 1
Ruptured hydatid cyst 1
Malignant (n = 13)
Non-small cell lung carcinoma 3
Small cell lung carcinoma 2
Adenocarcinoma 2
Malignant mesothelioma 2
Deciduoid mesothelioma 1
Breast carcinoma metastasis 1 
Non-specific primary 2

Total n = 32
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Table II. — ROC analysis results of SI and ADC values calculated for each b factor for 
differentiation of inflammatory-infectious / malignant exudative pleural effusions.

SI AUC SE p-value
b = 10 0.60 0.11 0.319
b = 500 0.55 0.10 0.625
b = 750 0.54 0.10 0.710
b = 1000 0.54 0.10 0.712
Comparison of ROC curves between b factor levels

DBA SE p-value
b = 10-b = 500 0.06 0.10 0.580
b = 10-b = 750 0.07 0.11 0.530
b = 10-b = 1000 0.07 0.11 0.534
b = 500-b = 750 0.01 0.05 0.812
b = 500-b = 1000 0.01 0.04 0.800
b = 750-b = 1000 0 0.02 1.00

ADC AUC SE p-value
b = 10 0.65 0.10 0.131
b = 500 0.55 0.11 0.667
b = 750 0.55 0.11 0.675
Comparison of ROC curves between b factor levels

DBA SE p-value
b = 10-b = 500 0.10 0.13 0.425
b = 10-b = 750 0.10 0.13 0.411
b = 10-b = 1000 0.05 0.15 0.729
b = 500-b = 750 0.01 0.07 0.977
b = 500-b = 1000 0.05 0.11 0.662
b = 750-b = 1000 0.05 0.09 0.577

AUC: Area under ROC curve, DBA: Difference between ROC areas.
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the transudative ones. The reason 
was thought to be the high protein-
aceous and cellular content of pleu-
ral fluid in exudative effusions lead-
ing to a decrease in ADC values. DWI 
was performed with b = 0 s/mm2 and 
b = 1000 s/mm2 values and the mean 
ADC values were calculated as 3.42 ± 
0.76 × 10-3 mm2/s and 3.18 ± 1.82 × 10-3 
mm2/s in transudative and exudative 
effusions by Baysal et al. (1). DWI 
was performed with b = 0 s/mm2, 
b = 500 s/mm2 and b = 1000 s/mm2 
values and the ADC cut-off value was 
found to be 3.6 × 10-3 mm2/s for the 
transudative/exudative pleural effu-
sion differentiation with DWI by Inan 
et al. (2). 

We aimed to perform the inflam-
matory-infectious/malignant differ-
entiation of exudative pleural effu-
sion with DWI in our study. Our main 
objective was therefore different 
from the two previous studies. The 
SI and ADC measurements we con-
ducted by using 4 different b values 
(b = 10, 500, 750 and 1000) did not 
lead to statistically significant results 
for inflammatory-infectious/malig-
nant differentiation in exudates. 

In the inflammatory-infectious 
group, a significant negative correla-
tion was observed between ADC val-
ues and pleural fluid LDH measure-
ments in all b values. This result was 
in accordance with Baysal et al’s 
study supporting the higher the vis-
cosity of the pleural fluid, the smaller 
is the diffusion (1). On the other 
hand, in the malignant group, a sig-
nificant positive correlation was ob-
served between ADC values and 
pleural fluid total protein measure-
ments in b values of 500 and 1000. 
This result can be explained by de-
crease in serum protein levels rela-
tive to pleural fluid (hypoalbumin-
emia). Due to this relative decrease 
of proteins, an increase in diffusion 
of water molecules may develop 
leading to increase in ADC values (1).

In another study, Coolen et al. in-
vestigated combination of DWI and 
dynamic contrast enhanced MRI 

and phased-array coils (9, 10). How-
ever, application to thoracic imaging 
is still difficult since DWI is very sen-
sitive to artifacts (7).

Stimulated-echo and SE pulse 
sequences  that require a very long 
acquisition time and are therefore 
very sensitive to motion artifacts 
were used in the first DWI applica-
tions (11). Today, SS-SE-EPI sequence 
that is not markedly affected by mo-
tion artifacts is used (7). 

The differentiation of whether the 
effusion is a transudate or exudate 
has been mainly attempted in stud-
ies on the detection of the nature of 
the pleural effusion by DWI (1, 2). 
When DWI was applied with the ap-
propriate b values, the ADC values 
were found to be significantly lower 
in exudative pleural effusions than 

Discussion

DWI is an MR imaging method 
providing tissue analysis based on 
the diffusion of water molecules in-
side the tissue (7). Carr and Purcell 
were the first to report that the MRI 
signal is affected by the diffusion of 
water molecules in 1954 (8). DWI 
was first used to determine acute ce-
rebral ischemia and then in other 
body regions in recent years thanks 
to developing technologies (7, 9, 10). 
A high image quality could not be 
obtained in areas outside the brain in 
the first studies conducted with DWI 
and the ADC quantification was not 
very successful. These problems 
have later been overcome by the 
introduction  of stronger gradient 
fields, parallel imaging techniques 

Table III. — The correlation analysis between ADC values and pleural fluid LDH and total protein levels in all b 
values.

ADC value Benign Malignant
b = 10 b = 500 b = 750 b = 1000 b = 10 b = 500 b = 750 b = 1000

LDH U/L
r -0,46 -0,76 -0,70 -0,59 r -0,02 -0,21 -0,25 -0,34
p 0,021* <0,001* <0,001* 0,002* p 0,943 0,494 0,409 0,263

TOTAL PROTEIN 
r -0,05 -0,09 -0,13 0,13 r 0,13 0,67 0,73 0,28
p 0,817 0,678 0,532 0,551 p 0,674 0,012* 0,005* 0,353

*Significant correlation.
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Fig. 3. — Fifty-nine (A, B and C) and seventy-nine (D) year-old 

male patients diagnosed with non-small cell lung carcinoma. 
The former patient who has higher pleural effusion total protein 
level (7 gr/dl), demonstrates higher ADC measurement 
(0.004913) compared with the latter patient who has a total pro-
tein level of 2.5 gr/dl and mean ADC measurement of 0.00197.
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dient in order to avoid respiratory 
distress and to ensure that patients 
could stay motionless during the ex-
amination so that we could obtain 
better image quality. However, at 
least three orthogonal directions 
should be used in DWI imaging. Mo-
lecular diffusion is a tridirectional 
process and diffusion can be aniso-
tropic as in the cerebral white 
matter  (13). We believe that data 
obtained  by applying tridirectional 
diffusion gradient will provide statis-
tically healthier results. Another limi-
tation was that the DW images we 
obtained with the EPI sequence had 
low signal-to-noise ratio especially 
when a high b value was used and 
this caused image distortion. In addi-
tion, the EPI sequence can also cause 
anatomic distortion with its suscepti-
bility effect (14). We did not perform 
pulse-triggered DWI in our study. 
Mürtz et al used the SS-SE-EPI se-
quence with ECG triggering in their 
study to avoid the negative effect of 
cardiac pulsation and emphasized 
that the accuracy of ADC measure-
ments was reduced in DWI without 
pulse-triggering (15). We believe that 
the ADC values obtained by DWI 
using  the pulse-triggering technique 
will provide more accurate results.

Conclusion

DWI did not provide sufficiently 
accurate results in inflammatory-in-
fectious/malignant differentiation of 
the exudative effusions in our study. 
Prospective studies with larger se-
ries are required to support the effi-
cacy of DWI which can be performed 
within a short time and also can eas-
ily be added to routine thoracic MRI 
examination for transudate/exudate 
differentiation of pleural fluids and 
inflammatory-infectious/malignant 
differentiation of exudates. 
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(DCE-MRI) for differentiation of be-
nign and malignant lesions of pleu-
ra. They made the ADC measure-
ments of the pleural lesions taking 
care to exclude necrotic areas and 
considering the most solid parts for 
ROI placement. Similar to Baysal et 
al’s and Inan et al’s study, they calcu-
lated ADC values of malignant pleu-
ral diseases significantly lower than 
benign lesions (1.40 × 10-3 mm2/s ± 
0.33 and 2.49 × 10-3 mm2/s ± 0.81, re-
spectively). They stated that this re-
sult was most likely because of hy-
percellularity and hypervascularity 
of malignant lesions causing diffu-
sion restriction. They concluded that 
DWI can differentiate malignant 
pleural diseases from benign lesions 
with high accuracy especially with 
the combination of DCE-MRI. They 
also concluded that by using a pure-
ly ADC-based diagnosis, false-nega-
tive diagnoses may occur mostly 
due to necrotic and inflammatory 
area within the tumor (12). 

In our study, we aimed to assess 
only the pleural effusions with DWI 
and we disregarded the solid parts 
of the malignant pleural lesions in 
order to make a truer comparison 
between the ADC values of inflam-
matory-infectious and malignant ef-
fusions. Because we were not be 
able to assess the cellularity of the 
effusions due to technical limita-
tions, we could not give support to 
Coolen et al. (12) regarding their as-
sumption about the higher the cellu-
larity of the lesion, the smaller is the 
diffusion. 

The main limitation in our study 
was the inadequate number of cas-
es. We believe that much larger 
number of patients should be includ-
ed in the study to perform inflam-
matory-infectious/malignant differ-
en tiation of the exudative qualified 
effusions with DWI first and then to 
perform subgrouping within the ma-
lignant processes afterwards, and 
that perhaps more statistically sig-
nificant results can be obtained with 
a large case series. Another limita-
tion was our application of unidirec-
tional diffusion gradient in DWI. The 
patients in our study had marked 
pleural effusions and therefore many 
suffered respiratory distress, espe-
cially in the supine position. We tried 
to keep the examination short by ap-
plying a unidirectional diffusion gra-


