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Diffusion-weighted MRI in the characterization 
of pleural effusions

Nagihan İnan, Arzu Arslan, Gür Akansel, Zeliha Arslan, Levent Eleman, Ali Demirci

P leural effusion detected in a patient requires careful differential 
diagnosis, as the therapy depends on the nature of fluid. Diagno-
sis is made on the basis of clinical, biochemical, and pathological 

findings. Biochemical analysis of the fluid obtained by thoracentesis is 
usually the first step in distinguishing exudative effusions (EEs) from 
transudative effusions (TEs) (1). The Light criteria evaluating protein 
and lactate dehydrogenase (LDH) concentration in blood and pleural ef-
fusion can be used to differentiate EEs from TEs (2). However, occasion-
ally Light criteria may misclassify a TE as an EE, especially in patients 
who have undergone diuresis (3, 4). In such cases, albumin levels in 
blood and pleural fluid help in the differentiation (3, 4). If the fluid is 
definitively identified as EE, additional testing (such us pleural fluid cy-
tology, Gram staining, and culture) is necessary to evaluate local factors 
(5). If cytology is negative, biopsy of the pleura may be performed (5, 6). 
A noninvasive imaging method in the diagnosis of such cases may avoid 
risks associated with unnecessary pleural biopsies. 

Hounsfield unit (HU) measurements in computed tomography (CT) 
(7) and conventional magnetic resonance imaging (MRI) based on 
precontrast signal intensity (SI) values in T1-weighted (T1W) and T2-
weighted (T2W) images as well as post-gadolinium T1W images with fat 
saturation (8–10), have been used in the differential diagnosis of EE and 
TE. Results, however, were not reliable. 

DWI is based on the restriction of random translational molecular 
motion (Brownian motion) of water, determined by the diffusion coef-
ficient. It has been mainly used in the brain, especially for the diagnosis 
of acute cerebral infarction (11) and characterization of epidermoid and 
arachnoid cysts (12). Recently, it has also been used to characterize vari-
ous cystic or solid lesions of abdominal organs (13–15). In this study, 
we evaluated the contribution of DWI in the differentiation of pleural 
effusions.

Materials and methods
Patients

Fifty-eight pleural effusions in 58 consecutive patients (27 females, 
31 males), detected with any radiological modality between March and 
December 2007 were included in this prospective study. Causes of the 
EEs (37 patients; 17 females, 20 males) were: pneumonia (6 patients), 
tuberculosis (2 patients), malignancy (20 patients), chylothorax (4 pa-
tients), pulmonary embolism (1 patient), and intraabdominal abscess 
(4 patients). For the TEs (21 patients; 10 females, 11 males) the causes 
were: congestive heart failure (18 patients), chronic renal insufficiency 
(2 patients) and superior vena cava obstruction (1 patient). Primary ma-
lignancies detected in 20 patients were as follows: 12 patients had lung 
cancer, 3 patients had lymphoma, 1 patient had an ovarian tumor, 2 
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PURPOSE
To evaluate the value of diffusion-weighted imaging 
(DWI) in the differential diagnosis of pleural effusions.

MATERIALS AND METHODS
58 pleural effusions (21 transudative, 37 exudative) 
were included in this prospective study. Single-shot 
echo-planar spin echo DWI was performed with two 
b factors (500 and 1000 s/mm2), and apparent dif-
fusion coefficients (ADCs) were calculated. On diffu-
sion-weighted (DW) trace images, signal intensity (SI) 
of the pleural effusions was visually compared to the 
SI of the paraspinal muscles with the use of a 3-point 
scale: 0: isointense, 1: moderately hyperintense, 2: sig-
nificantly hyperintense. For quantitative evaluation, ef-
fusion-to-paraspinal muscle SI ratios, and ADCs of the 
effusions were compared between the groups.

RESULTS
On visual evaluation, most of the transudative effusions 
were isointense, while most of the exudative effusions 
were hyperintense on DWI with b factors of 500 and 
1000 s/mm2. Quantitatively, with a b factor of 500 
and 1000 s/mm2, effusion-to-paraspinal muscle SI ra-
tios of the exudative effusions were significantly higher 
than those of transudative effusions. The ADCs of the 
exudative effusions were significantly lower than those 
of transudative effusions (mean ADC was 3.3 × 10-3 ± 
0.7 mm2/s for exudative effusions, and 3.7 × 10-3 ± 
0.3 mm2/s for transudative effusions). Setting the cut-
off value at 3.6 × 10-3, ADC had a sensitivity of 71% 
and a specificity of 63% for differentiating transuda-
tive from exudative effusions.

CONCLUSION
DWI may help in the differential diagnosis of pleural 
effusions.
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patients had mesothelioma, and 2 pa-
tients had liver tumor. Thirty-two pa-
tients had bilateral effusions (18 with 
congestive heart failure, 2 with chron-
ic renal insufficiency, 1 with superior 
vena cava obstruction, 4 with intraab-
dominal abscesses, 3 with malignancy, 
and 4 with chylothorax). Of these bi-
lateral effusions, only the side of the 
fluid sampling was evaluated on DWI. 
The mean age was 50.3 years (range, 
2–78 years) and 49.3 years (range, 4–94 
years) in the EE and the TE groups, re-
spectively. 

All cases underwent ultrasonography 
(US) examinations in order to evaluate 
the presence of an adequate amount of 
effusion. Due to limited resolution of 
the DWI, effusions thinner than 1 cm 
were not included. In addition, claus-
trophobic and severe dyspneic patients 
were excluded from the study. The na-
ture of all effusions was confirmed by 
thoracentesis after MRI. Light criteria 
(2), and/or pleural fluid-to-serum albu-
min or protein gradient (4) were used 
to establish the exudative or transuda-
tive nature of pleural effusions. The 
diagnosis of tuberculous effusions was 
confirmed by positive pleural culture 
or biopsy. Pleural fluid was considered 
a parapneumonic effusion if the pa-
tient had typical clinical (acute febrile 
episode, purulent sputum), laboratory, 
and radiologic findings of pulmonary 
infection. The diagnosis of the malig-
nant effusion was confirmed by posi-
tive pleural cytology and biopsy. All 
effusions were considered TEs if the 
patient had typical clinical (peripheral 
edema, orthopnea, paroxysmal noc-
turnal dyspnea) and radiologic find-
ings (cardiomegaly, lung congestion) 
of congestive heart failure or chronic 
renal failure.

The study was approved by the in-
stitutional review board and protocol 
review committee. Since the tests em-
ployed were part of the routine clini-
cal evaluation of these patients, in-
formed consent was not required by 
the review board. We obtained blanket 
consent from all patients for the use of 
their findings for research and educa-
tional purposes, with patient privacy 
secured.

MR imaging
All patients were examined with a 

1.5 Tesla MR scanner (Gyroscan In-
tera; Philips Medical Systems, Eind-
hoven, The Netherlands) using a 

four-element phased-array body coil. 
This system has a maximal gradient 
strength of 30 mT/m and a slew rate 
of 150 mT/m/ms. All patients were 
examined initially with precontrast 
axial T1W breath-hold spoiled gradi-
ent echo (fast field echo, FFE) with 
and without fat suppression (TR/TE/
FA/NEX, 169/4.6/80/1), coronal and 
axial T2W single shot turbo spin 
echo (SS-TSE) (TR/TE/NEX/TSE factor, 
700/80/1/72), and axial T2W SS-TSE 
with fat suppression (TR/TE/NEX/TSE 
factor, 700/80/1/72). Subsequently, 3 
series of axial single-shot spin-echo 
echo-planar (SS-SE-EP) DW images 
(TR/TE/NEX/echo-planar imaging 
factor, 1000/81/1/77; sensitizing gra-
dients in x, y, z directions) were ac-
quired using the following b values: 0, 
500, and 1000 s/mm2. ADC maps were 
reconstructed from these images. Fat 
suppression was performed by using 
spectral saturation inversion recov-
ery (SPIR) technique. MRI, including 
DWI, consisted of a multisection ac-
quisition with a slice thickness of 6 
mm, an intersection gap of 1 mm, and 
an acquisition matrix of 128 × 256. 
The field of view varied between 455 
and 500 mm. All sequences were ac-
quired using a partially parallel imag-
ing acquisition and SENSE (sensitivity 
encoding for fast MRI) reconstruction 
with a reduction factor (R) of 2. The 
scan time of the acquisition of each 
DWI series during a single breath-hold 
was 25 seconds.

Image analysis 
 1. Qualitative analysis:
  The SI of the pleural effusions in all 

three sets of  DWI with b factors of  
500, and 1000 s/mm2 was visually 
assessed compared to the SI of the 
paraspinal muscles with the use of 
a 3-point scale as follows: 0, isoin-
tense; 1, moderately hyperintense; 
2, significantly hyperintense. All 
images were independently assessed 
by two radiologists (N.I., A.A.) who 
were blinded to the clinical history 
and results of prior imaging stud-
ies. Results of the interpretations 
were compared. In three cases for 
which the results differed, the final 
score was reached by consensus af-
ter discussion.

 2. Quantitative analysis:
  Quantitative analysis was made us-

ing a dedicated work station (Dell 
Workstation Precision 650, View 

Forum release 3.4-inch system). SIs 
of the pleural effusion and parasp-
inal muscle were measured by one 
radiologist (N.I.) for each b factor 
(500 and 1000 s/mm2) using a re-
gion of interest (ROI) of the same 
size. The ROI was placed centrally 
and the size of the ROI was kept 
as large as possible, yet avoiding 
interference from the surrounding 
tissue. In addition, the ADC maps 
were created automatically and 
the mean ADC values of pleural 
effusions were determined on im-
ages with b factors 0 and 1000 s/
mm2. To avoid possible magnetic 
susceptibility artifact, SI measure-
ments and ADC values were calcu-
lated far from the lung-fluid inter-
faces and diaphragmatic regions. 
The average of the three measure-
ments was recorded as the final SI 
or ADC.  

Statistical analysis 
For qualitative analysis, Fisher exact 

test was used to assess the differences 
between the groups. For the quantita-
tive evaluation, effusion-to-paraspinal 
muscle SI ratios (SIRs), and ADCs of the 
EEs and TEs were compared. The fitness 
of numeric data set to normal distribu-
tion was determined by Kolmogorov-
Smirnov test. The data were normally 
distributed. Student’s t test was used to 
assess the differences between EEs and 
TEs in terms of SIRs and ADCs. For the 
subgroups of EEs, the data were not 
normally distributed; hence the dif-
ferences between subgroups were ana-
lyzed by Kruskal-Wallis test. A P value 
< 0.05 was considered statistically sig-
nificant. To evaluate the diagnostic 
performance of the quantitative tests 
(SIRs, and ADC) for the differentiation 
of pleural effusions and to describe 
the sensitivity and specificity of the 
tests, receiver operating characteristic 
(ROC) analysis was performed. The ar-
eas and standard errors for each ROC 
curve were calculated by the method 
described by Metz (16). The area under 
the ROC curve reflects the performance 
of the tests. The optimum cut-off point 
was determined as the value that best 
discriminates between the two groups 
in terms of maximum sensitivity and 
minimum number of false-positive re-
sults. All statistical analyses were per-
formed using SPSS (Statistical Package 
for the Social Sciences, Chicago, USA) 
software.
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Results
Qualitative analysis 

Results of the visual evaluation of 
the SI of the effusions in diffusion trace 

images with a b factor of 500 and 1000 
s/mm2 are shown in Table 1. On these 
images, the SIs of EEs were significantly 
higher than those of TEs (P < 0.001 and 
P = 0.04). On images with a b factor of 

500 and 1000 s/mm2, most of the TEs 
were isointense (Fig. 1), while most of 
the EEs were hyperintense (Fig. 2). 

Quantitative analysis 
The maximum thickness of fluid col-

lections ranged between 12–117 mm 
(mean thickness, 39.3 ± 26.9 mm) and 
12–65 mm (mean thickness, 34.5 ± 18.8 
mm) for EEs and TEs, respectively. 

The results of the quantitative anal-
ysis of the DWI are shown in Table 2. 
With b factors of 500 and 1000 s/mm2, 
the SIRs of the EEs were significantly 
higher than those of the TEs. The 
area under the ROC curve was 0.604 ± 
0.114 for SIR on DWI with a b factor 
500 s/mm2. Setting the cut-off value at 
0.7, SIR had a sensitivity of 64% and 
a specificity of 67% for differentiating 
TEs from EEs. The positive predictive 
value, negative predictive value, and 
accuracy of SIR were determined as 

Figure 1. a–d. A 70-year-old female with chronic renal failure. Axial T2-weighted turbo spin-echo MR image (a) shows bilateral pleural 
effusions. These effusions appear hyperintense on the diffusion-weighted image with b factor 500 s/mm2 (b) and isointense on the diffusion-
weighted image with b factor 1000 s/mm2 (c). Apparent diffusion coefficient (ADC) map (d). (ADC, 3.9 × 10-3 on the right, and 3.5 × 10-3 
mm2/s on the left-sided effusions). 

ba

dc

Table 1. Visual evaluation of the signal intensities of transudative effusions and exudative 
effusions on diffusion weighted MR images with b factors of 500 and 1000 s/mm2

MR signal intensity
TEs

(n = 21)
EEs

(n = 37)

b
 =

 5
00

 
s/

m
m

2

Significantly hyperintense – 21 (57%)

Moderately hyperintense 10 (48%) 13 (35%)

Isointense 11 (52%) 3 (8%)

b
 =

 1
00

0 
s/

m
m

2

Significantly hyperintense – 13 (35%)

Moderately hyperintense 6 (29%) 18 (49%)

Isointense 15 (71%) 6 (16%)

TEs, transudative effusions; EEs, exudative effusions
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66%, 65%, and 66%, respectively. The 
area under the ROC curve was 0.643 ± 
0.110 for SIR on DWI with a b factor 
1000 s/mm2. We could not obtain a 
sufficiently discriminative cut-off val-
ue by the ROC analysis for differenti-
ating TEs from EEs. The ADCs of EEs 
were significantly lower than those of 
the TEs. The area under the ROC curve 

was 0.694 ± 0.083 for ADC. With a 
cut-off value of 3.6 ×  10-3, ADC had a 
sensitivity of 71% and a specificity of 
63% for differentiating TEs from EEs. 
The positive predictive value, negative 
predictive value, and accuracy of ADC 
values were determined as 66%, 68%, 
67%, respectively (Fig. 3). When the 
subgroup analysis was done, we could 

not obtain statistical significance in 
SIRs or ADCs between subgroups.

Discussion  
A variety of imaging techniques can 

be used to evaluate the pleura and 
the pleural space (17, 18). US allows 
easy identification of pleural fluid and 
loculation and differentiation from 
pleural masses (17). Pleural thicken-
ing or nodularity on CT or MRI is 
suggestive of pleural metastases, but 
these findings may also be seen with 
benign effusions (18). CT in charac-
terizing pleural fluid based on attenu-
ation values has been recently used 
in differentiation of pleural effusions 
(7). According to this study, although 
the mean attenuation of EEs was sig-
nificantly higher than TEs (with the 
strongest relationship with protein 
content), the clinical use of CT num-
bers to characterize pleural fluid is not 

ba

d

Table 2. Quantitative analysis of diffusion weighted imaging of transudative effusions and 
exudative effusions (b = 500 and 1000 s/mm2)

TEs
(n = 21)

EEs
(n = 37) P

b = 500 s/mm2  SIR 0.6 ± 0.3 1.3 ±1.2 0.045

b = 1000 s/mm2  SIR 1.0 ±0.5 1.6 ±1.1 0.009

ADC  (×10-3 mm2/s) 3.7 ± 0.3 3.3 ± 0.7 0.004

Data are mean ± SD. SIR, signal intensity ratio; ADC, apparent diffusion coefficient; TEs, transudative 
effusions; EEs, exudative effusions

Figure 2. a–d. A 62-year-old male with empyema. Axial T2-weighted turbo spin-echo MR image (a) shows right-sided empyema. This effusion 
appear hyperintense on the diffusion-weighted image with a b factor 500 (b), and 1000 s/mm2 (c). Apparent diffusion coefficient (ADC) map 
(d) (ADC, 2.6 × 10-3 mm2/s). 

c
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recommended, as their accuracy was 
only moderate. Moreover, there was a 
notable overlap in attenuation values 
between TE and EEs. A study by Shio-
no et al. (19) showed that on T1W and 
T2W MRI, SI of effusions depended 
mainly on the concentration of pro-
tein, whereas on gradient echo images 
it depended mainly on the concentra-
tion of blood. Hence, MR examina-
tion could be useful in differentiating 
an EE or a hemorrhagic effusion from 
a serous effusion. However, the val-
ues of two groups overlapped, so that 
differentiation based on only SI was 
usually insufficient (8, 9).  In a previ-
ous study, the contrast enhancement 
patterns of effusions on late phase (20 
minutes after contrast administration) 
on fat suppressed T1W images have 
been defined (10). According to this 
study, EEs displayed significant en-
hancement. Although suggestive, this 
examination was not practical because 
of long examination times. 

The use of DWI in the thorax is hin-
dered by limitations such as physi-
ologic motion artifact caused by respi-
ration and cardiac motion. The effects 
of respiration and cardiac motion can 
be reduced by using breath-hold and 
pulse-triggered sequences. Due to the 
rapid acquisition capabilities and high 
signal-to-noise ratio, the best image 
quality has been obtained with breath-
hold SS-SE-EPI sequences (20–22). Par-
allel imaging is crucial to reduce the 

distortion of SS-SE-EPI DWI (21). In our 
study, DW imaging was obtained using 
a breath-hold EPI sequence, which al-
lowed short echo time, SPIR fat sup-
pression pulse, and SENSE.

Over the past few years, several stud-
ies have demonstrated that DWI is 
helpful in differentiation of various 
cystic lesions (12–15). Hakyemez et al. 
(12) reported that the low ADCs of epi-
dermoid cysts (mean ADC was 1.15 ± 
0.17 × 10-3 mm2/s for epidermoid cysts, 
and 3.41 ± 0.17 × 10-3 mm2/s for arach-
noid cysts) were the result of the dense 
keratinaceous content of the cysts, 
which limits the diffusivity of protons. 
There are only few reports on the use 
of DWI in the cystic lesions of the liver. 
Chan et al. (13) have suggested that the 
ADC values are lower in hepatic abscess 
cavities (0.67 ± 0.35 × 10-3 mm2/s) than 
in the necrotic portions of tumors (2.65 
± 0.49 × 10-3 mm2/s), depending on the 
viscosity of the lesions. Similarly, Inan 
et al. (14) suggested that the ADCs were 
lower in hepatic hydatid cysts (3 ± 0.6 
× 10-3 mm2/s) than in simple cysts (3.5 

± 0.5 × 10-3 mm2/s). Since the hydatid 
cyst contains viscous hydatid sand, the 
ADC of the hydatid cyst is decreased. In 
addition, Nakayama et al. (15) reported 
that the ADCs were lower in mature 
cystic teratomas than in endometrial 
cysts as well as other benign and ma-
lignant ovarian cystic neoplasms. Ac-
cording to this study, the low ADCs 
of the mature cystic teratomas were 

attributed to the keratinoid substance 
within the tumors. 

To our knowledge, the role of DWI 
in the differential diagnosis of pleural 
effusions has been reported in a pre-
vious study of 52 patients, in which 
EE displayed lower ADC values than 
TE (3.18 × 10-3 ± 1.82 and 3.42 × 10-3 
± 0.76, respectively) (23). This study 
was based only on ADC values of ef-
fusions, without any quantitative and 
qualitative analysis of DW trace im-
ages. In our study, we evaluated both 
DW trace images (b factors of 500 and 
1000) and ADC maps quantitatively 
and qualitatively. 

In our study, significant differences 
between the SIs of pleural effusions 
were found on images with b factors 
of 500 and 1000 s/mm2. SIs of EEs 
were higher than TEs with b factors 
of both 500 and 1000 s/mm2. Mag-
netic susceptibility effects resulting in 
geometric distortion artifact are more 
severe with higher b values. For that 
reason, in our study, DW images with 
b factor of 500 s/mm2 were more use-
ful than images with b factor of 1000 
s/mm2 for evaluation of SIs. However, 
DW images with b factor of 1000 s/
mm2 are optimal to obtain SIs because 
the signal of the DW image contains 
contributions from the spin density 
as well as T1 and T2 relaxation times. 
Therefore, fluids may display a strong 
T2 effect (T2 shine-through effect) in-
stead of reduced diffusion, especially 
with lower b factors. Diffusion can 
be quantitatively evaluated by ADC, 
which is free of the T2 shine-through 
effect (11, 24). In our series, the mean 
ADC of the EEs was significantly low-
er than that of the TEs. Therefore, the 
hyperintensity of EEs on DW trace im-
ages cannot be totally attributed to the 
T2 shine-through effect. Differences 
between the ADCs can be caused by 
the differences in fluid contents. Since 
parapneumonic effusions, malignant 
effusions, and tuberculous pleuritis 
have proteinaceous fluid and rich cell 
counts (inflammatory cells, tumor 
cells, and lymphocytes, respectively), 
and chylothorax has high lipid levels 
(cholesterol crystals or lecithin-globu-
lin complexes), these fluid collections 
have a decreased ADC. Conversely, 
TEs have lower viscosity and thus 
higher ADC (5).  

DWI may lose accuracy in patients re-
ceiving diuretics and patients with hy-
poalbuminemia. In patients receiving 

Figure 3. Scattergram distribution of apparent diffusion coefficients (ADCs) of transudative and 
exudative effusions. 
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diuretics, false exudative effusions on 
DWI can be explained by the relative 
increase in the pleural concentrations 
of protein leading to decrease in diffu-
sion. In patients with hypoalbumine-
mia, false transudative effusion can be 
explained by the relative decrease in the 
pleural concentrations of protein (23).

This study has technical limitations. 
The main limitation was that the EPI se-
quence employed with a higher b value 
had a lower SNR, resulting in greater im-
age distortion. In addition, the EPI se-
quence causes anatomic distortion due 
to susceptibility effects (21). We did not 
utilize pulse triggered DWI. Mürtz et al. 
(20) evaluated 12 patients using an SS-
SE-EPI sequence with ECG triggering to 
minimize the influence of cardiac pul-
sation. They found that DWI without 
pulse-triggering reduces the accuracy 
of measurements of ADCs in abdomi-
nal organs. For this reason, accuracy of 
ADCs in pleural fluids can be improved 
by using pulse-triggering technique.

In conclusion, diagnosis of pleural 
effusions is usually possible with the 
combined use of specific morphologic 
features on imaging (thickening or 
nodularity of pleura, internal struc-
ture, the enhancement pattern, or 
calcification), laboratory evaluation, 
and clinical information. However, 
occasionally the differentiation of EEs 
from TEs may still be difficult. Our 
preliminary data suggest that DWI 
may be helpful in this setting. Despite 
fair sensitivity and specificity, this se-
quence can easily be added to routine 
thorax MRI protocol because of very 
short examination time. Hence, DW 
images give clues to the radiologist 
for interpretation of pleural effusions 
in daily practice. Our findings need 
further studies for confirmation; like-
wise, statistical differences of ADCs 
among fluid types should be studied 
in larger series.
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