
Is computed tomography scan able to replace laboratory tests
to differentiate transudate effusions from exudate effusions?
that is a question
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Background Pleural effusion is considered an interesting
clinical problem that is commonly faced by physicians and is
caused by several diseases. The ability of computed
tomography (CT) to differentiate transudate effusion from
exudate effusion is still under research.

Objective The aim of this study was to assess the accuracy of
the CT in diagnosing the nature of the pleural effusion.

Patients and methods In this prospective cross-sectional
analytic study, laboratory biochemistry markers were used to
classify pleural effusion into exudate or transudate based on
Light’s criteria. Chest CT without contrast had been done for
all patients, and CTs were diagnosed by the radiologist.
Measurement of the pleural fluid density was done and shown
using the CT attenuation values [Hounsfield unit (HU)].

Results Of 79 patients with pleural effusion, 60 patients had
exudate effusion and 19 patients had transudate. The mean
attenuation values were significantly higher in exudate
effusion (20.11±7.11 HU) versus transudate effusion (13.8
±4.11 HU), with P value of 0.03. Receiver operating
characteristic curve analysis showed that the cutoff for
exudate effusion was optimal at greater than or equal to 15.33
versus less than 15.33 HU for transudate (area under the

curve=0.57; 95% confidence interval: 0.45–0.68). This point
had 85.71% sensitivity and 46.55% specificity.

Conclusion We reasoned the CT attenuation values of the
pleural fluid may replace the laboratory tests in characterizing
the pleural effusion, either exudate or transudate. However,
there was an overlapping HU values in most effusions. So
correlation of the CT results with the clinical findings is
essential, and further CT studies are highly recommended to
confirm and validate these findings.
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Introduction
Pleural effusion is considered an interesting clinical
problem that is commonly faced by physicians and is
caused by several diseases [1,2]. Pleural effusion often
provides data about the underlying pathology involving
the thorax. Deciding whether the pleural fluid is a
transudate or an exudate is usually the most important
initial step in the management of pleural effusion to
reach the underlying pathological process. Pleural fluid
aspiration or what is called thoracentesis is routinely
applied to differentiate exudate from transudate using
Light’s criteria, but this procedure carries possible
hazards [3–7]. Thus, noninvasive methods to
diagnose the nature of the pleural fluid could be
essential to guide management of pleural effusion
and avoid the possible risks of thoracentesis. These
methods could be also specifically helpful in situations
with contraindications to the thoracentesis procedure.
Ultrasonography and computed tomography (CT) can
be valuable noninvasive methods that are helpful in
diagnosing and predicting the type and etiology of the
pleural effusion. These methods may reduce the need
for a procedure such as thoracentesis [8,9]. Few
reported studies were concerned with the
measurement of the pleural fluid density using the
CT attenuation values [Hounsfield Unit (HU)], and

there was a debate on the results of these studies
[10–16]. The purpose of the present study was to
find out the accuracy of the CT in enabling the
differentiation of the pleural exudate from transudate
on the basis of the attenuation values of the pleural
fluid.

Patients and methods
This prospective cross-sectional analytic study
conducted upon patients admitted to the Department
of Chest and Tuberculosis at Assiut University Hospital
from June 2016 to June 2017. The work was carried out
after approval from the local committee of ethics, and all
the studied patients provided a written consent. Patients
with pleural effusions had been included. The
demographic data of the studied patients were
gathered. Chest CT and thoracentesis were performed
for all patients within 48h of each other. Patients with
unclear causes of the pleural effusions were excluded.
Moreover, excluded from this study were patients who
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had pleural intervention (tube drainage, thoracoscopy,
biopsy, etc.) between the pleural fluid analysis and chest
CT. Laboratory analysis of the pleural fluid was
performed in the Clinical Pathology Department at
Assiut University Hospital and the pleural fluid
workup and serum chemistry (protein, albumin, and
lactate dehydrogenase levels) were determined by a
clinical pathologist who was blinded to the clinical
and radiological information. Pleural effusion was
classified as exudate or transudate according to the
Light’s criteria [4]. Noncontrast chest CT was
performed in the Radiology Department at Assiut
University Hospital using 16-MDCT scanners (Light
speed; Saurav Medical System, Shahpur Jat, Delhi).
Standard scanning parameters were used with slice
thickness 3.70, 120 kV, and automated mAs. The
radiologist was blinded to the clinical and laboratory
data before reviewing CT scans. The mean attenuation
values (HU) of the pleural fluid with SDwere estimated
by determining the region of interest. Region of interest
was placed in the area of themaximal fluid accumulation
on the axial plane at each three contiguous slices in the
same region. The average of the attenuation values at the
three levels was calculated.

Statistical analysis
SPSS (version 20; IBM, Armonk, New York, USA)
was used for analyzing the collected data. The nominal
data were expressed in the form of frequency
(percentage), and continuous data were expressed in
the form of mean±SD or range. Student’s t-test used to
compare between continuous data whereas the nominal
data were compared by the χ2-test. Receiver operating
characteristics (ROC) curve analysis was performed to
investigate the efficacy of the attenuation values when
diagnosing the exudate and transudate. The sensitivity,
specificity, P value, and area under the curve were
calculated for the attenuation values. The cutoff
values were determined to predict the differentiation
of exudate and transudate effusions. Statistical
significance was defined as P less than 0.05.

Results
The current study included 79 patients with pleural
effusion with mean age was 51.37 years, and the age
range was between 21 and 79 years. Male-to-female
ratio in this study was 1.07. Patients with exudate
effusion had a mean age of 52.58 years with range
between 22 and 79 years, versus 47.81 years, with range
between 21 and 66 years, for those with transudate
type. It was noticed that age of patients had no
significant difference between those with transudate
type and those with exudate type with P value of 0.15.

Although there was a male predominance in patients
with transudate effusion (57.9 vs. 50% in the case of
patients with exudate type), sex had no significant
statistical difference between both groups (P=0.47;
Table 1).

According to Light’s criteria, 60 (75.9%) patients had
exudate pleural effusion and 19 (24.1%) had transudate
type. Mean±SD of attenuation value was 18.49±6.05
HU, with range between 5 and 36.33 HU for all
patients. Patients with exudate pleural effusion had
significantly higher attenuation values in comparison to
those with transudate effusion [20.11±7.11 (5–36.33)
vs. 13.8±4.11 (7.67–22) HU, with P=0.03; Fig. 1].

The most frequent causes of exudate effusion in the
current study were pneumonia and malignant diseases,
each of them recorded in 20 (25.3%) and 18 (22.8%)
patients, respectively. Liver cirrhosis is the
predominant cause of transudate effusion where it
presented in 10 (12.6%) patients. Other etiologies
and their attenuation values of effusion were
presented in Table 2.

The diagnostic accuracy of attenuation value for
detecting the nature of effusion is shown in Table 3
and Fig. 2. ROC curve analysis showed that the cutoff
for exudate effusion was optimal at greater than or
equal to 15.33 and less than 15.33 HU for transudate
(area under the curve=0.57; 95% confidence interval:
0.45–0.68). This point had 85.71% sensitivity and
46.55% specificity.

Discussion
We carried out this study in the hope that we will get an
answer to the question in the title of this research; thus,
we planned to evaluate the ability of CT to diagnose
the nature of the pleural effusion and to characterize
the pleural effusion to either exudate or transudate on
the basis of the attenuation values of the pleural fluid.
We have relied on a logical assumption that the
attenuation value of the pleural fluid in exudate
effusion will be higher than those of transudate,
because exudate fluid usually contains high level of

Table 1 Demographic data of the studied patients

Variables Patients with
exudate (n=60)

Patients with
transudate (n=19)

P
value

Age (years) 52.58±12.79
(22–79)

47.81±13.51 (21–66) 0.15

Sex (male/
female)

30 (50)/30 (50) 11 (59.9)/8 (42.1) 0.47

Data were expressed in the form of mean±SD (range) or n (%) as
appropriate. P<0.05, significant.
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protein, which potentially can show increased
attenuation on a CT scan.

A total of 79 patients were included in this study. We
found that patients with exudate pleural effusion had
significantly higher attenuation values (20.11±7.11
HU) in comparison with those with transudate (13.8
±4.11 HU). Nandalur et al. [10] examined 145 patients
with pleural effusion. They found that the mean
attenuation values of the exudate fluid (17.1±4.4
HU) were significantly higher than those of
transudate (12.5±6.3 HU). Similar outcome was
reported by Çullu et al. [11] in their study. They
concluded that the mean HU values of the exudate
(13.6±5.5 HU) were significantly higher than those of

the transudate (6±3.2 HU). Moreover, the same result
was observed by Rashid et al. [12] in their work. They
observed that the mean attenuation values of exudate
were significantly higher than transudate effusion (8.1
±5.69 vs. 3.53±4.23 HU). In contrast, different result
was obtained in a work by Abramowitz and his
coworkers. The mean HU values of exudate (7.2±9.4
HU) were lower than the mean HU values of the
transudate (10.1±6.9 HU). However, the difference
was not statistically significant. They interpreted that
result by the possible contradiction between the high
concentration of protein in pleural exudate, which is
expected to raise the attenuation value, and the high
cholesterol level, which reduces the attenuation value
[13].

With regard to the diagnostic accuracy of the fluid
attenuation value for detection of the nature of the
effusion in our study, ROC curve analysis showed
that the cutoff for exudate effusion was optimal at
greater than or equal to 15.33 HU, whereas for
transudate effusion was less than 15.33 HU, with
sensitivity (85.71%) and specificity (46.55%).
Various cutoff, sensitivity, and specificity values
were registered in other studies. Although Çullu

Table 2 Causes of pleural effusion and their computed
tomography-attenuation values among the studied patients

Causes Number of
cases [n (%)]

Attenuation values [mean
±SD (range)] (HU)

All cases 79 18.49±6.05 (5–36.33)

Patients with
transudate

19 (24.1) 13.8±4.11 (7.67–22)

Liver cirrhosis 10 (12.6) 12.5±2.5 (7.6–16.67)

Congestive
heart failure

7 (9) 15.61±4.3 (8.67–22)

Renal disease 2 (2.5) 13.83±0.2 (13.67–14)

Patients with
exudate

60 (75.9) 20.11±7.11 (5–36.33)

Pneumonia 20 (25.3) 16.6±4.9 (9–23.67)

Malignant
disease

18 (22.8) 17.67±4.03 (5–25)

Empyema 12 (15.2) 21.11±6.5 (7.6–36.33)

Tuberculosis 5 (6.3) 17.4±2.9 (13–19.67)

Pulmonary
embolism

5 (6.3) 12.2±4.7 (5–18)

HU, Hounsfield Unit.

Table 3 Diagnostic indices of the computed tomography-
attenuation value in determining the nature of effusion

Indices Value

Area under the curve (%) 57

Sensitivity (%) 85.71

Specificity (%) 46.55

Positive predictive value (%) 36.7

Negative predictive value (%) 90

P value 0.001

Figure 1

Box plots showing the attenuation values for transudative and exudative effusion. The boxes stretch from the 1st quartile to the 3rd quartiles. The
junction between each two boxes is the mean. The vertical lines with whiskers extending below and above the boxes indicate the minimum and
maximum values, respectively. HU, Hounsfield Unit.
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et al. [11] found that the cutoff value for exudate
effusion was at least 8.5 with the sensitivity (85%)
and specificity (86.7%), Rashid et al. (12) observed
that the cutoff point was 4.5 HU, with sensitivity
74.46% and specificity 62.5%. Yalçin-Şafak et al. [14]
found cutoff value for exudate effusion of at least 5
HU, and the sensitivity and specificity were 72 and
70%, respectively.

Some authors attributed the variation in the
attenuation values among the studies to the number
of cases included in each study in general and the
number of cases for each type of pleural effusion in
particular. Others said the reason may be because of
using different CT scanners with different scanning
parameters. Moreover, the interval between
thoracentesis and CT scan may have had an effect
on the results in some studies. Medicines that were
taken by some patients during the study, such as

diuretics, altered the pleural fluid chemistry in other
studies.

Conclusion
We reasoned the CT attenuation values of the pleural
fluidmay replace the laboratory tests in characterizing the
pleural effusion into either exudate or transudate.
However, there was an overlapping HU values in most
effusions. So correlationof theCTresultswith the clinical
findings is essential, and further CT studies are highly
recommended to confirm and validate these findings.
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Figure 2

Receiver operating characteristic curve shows the diagnostic indices of the computed tomography-attenuation value in determining the nature of
effusion.
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enough to ensure good evaluation.We did not take into
account measuring the cholesterol level in the pleural
fluid.
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