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ABSTRACT
Objective: The aim of this study was to evaluate the effectiveness of computed tomography (CT) attenuation values in the characterization of
pericardial effusion.
Methods: This study consisted of 96 patients with pericardial effusion who underwent pericardiocentesis. For further diagnostic evaluation of
pericardial effusion, all the patients were assessed by thorax CT. CT attenuation values were measured from at least 5 different areas of pericardial fluid by specifying the largest region of interest. The average of these measurements was computed and considered as the CT attenuation value of the patient. The patients were classified into two groups: patients with transudative pericardial effusion and those with exudative
pericardial effusion.
Results: CT attenuation values were significantly higher in patients with exudative pericardial effusion than in those with transudative pericardial effusion [14.85±10.7 Hounsfield unit (HU) vs. 1.13±4.3 HU, p<0.001]. CT attenuation values had a close correlation with the pericardial fluid
albumin (r=0.829), protein (r=0.752), and LDH (r=0.708) levels; WBC count (r=0.564); protein ratio (r=0.739); and LDH ratio (r=0.689) as well as the
albumin gradient (r=–0.725). A cut-off value of 4.7 HU had 80% sensitivity and 87.7% specificity for the identification of exudative pericardial effusion. In addition, a cut-off value of 6.5 HU had 71.4% sensitivity and 72.3% specificity for the prediction of cardiac tamponade.
Conclusion: In patients with pericardial effusion, CT attenuation values seem to be correlated with the characterization parameters of the fluid
and may distinguish exudative pericardial effusion from transudative pericardial effusion. This parameter was also found to be a predictor of
cardiac tamponade. CT attenuation values can be a useful tool in the clinical evaluation of patients with pericardial effusion.
(Anatol J Cardiol 2017; 17: 322-7)
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Introduction
Pericardial effusion is a common clinical finding in cardiology
practice with a wide clinical spectrum from asymptomatic mild
effusion to cardiac tamponade. In most cases, the etiology can
be derived from clinical data, but in some cases, the diagnosis
can not be accomplished despite invasive procedures such as
pericardiocentesis (P/S) (1–4). Beyond a life-saving strategy, P/S
has severe complications, including cardiac perforations, serious arrhythmias, arterial bleeding, pneumothorax, and infections
(5, 6). Besides, some patients have unfavorable locations that are
not amenable for P/S. A noninvasive method to characterize pericardial effusion would be advantageous for avoiding the potential complications associated with P/S and may be used to tailor
the therapy. In addition, such a method may be particularly beneficial in the identification of the nature of the pericardial fluid in

patients who are not candidates for diagnostic P/S.
Echocardiography is not only the primary diagnostic approach for the detection of pericardial effusion but also provides
information of the hemodynamic significance of the pericardial
effusion (7, 8). However, some cases with poor sonographic windows necessitate additional imaging modalities such as computed tomography (CT) or cardiac magnetic resonance imaging (8,
9). CT has a superior diagnostic role, particularly in patients with
false-positive findings due to adjacent pathological conditions
such as pleural effusion, atelectasis, masses, and mediastinal
lesions (8–12).
As an additional benefit, CT can be used to evaluate the nature
of pericardial effusion. Features including pericardial thickening,
calcification, loculation, and enlarged mediastinal lymph nodes
can be assessed and can contribute to the differential diagnosis of
pericardial effusion etiology (11, 13, 14). CT attenuation values may
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provide additional data about the characteristics of the pericardial
effusion. Exudative pericardial effusion consists of high levels of
protein and lactate dehydrogenase (LDH) and increased inflammatory activity; thus, they may show greater attenuation values on
CT (8, 15, 16). Previous studies have demonstrated the utility of CT
attenuation in the discrimination of pleural fluid (16–18).
Based on these considerations, we aimed to evaluate the
feasibility of CT attenuation values in the characterization of
pericardial effusion.

Methods
Study design and patient selection
Consistent with the Declaration of Helsinki, the study protocol
was approved by the Ethics Committee. The study consisted of
253 consecutive patients who were diagnosed with pericardial
effusion between January 2012 and June 2015. Informed consent
was obtained from all the participants. The study was designed to
assess patients who underwent P/S and CT examination within
a week after or before the P/S procedure. After the evaluation of
these inclusion criteria, a total of 96 patients were enrolled in the
study. P/S was performed because of the emergence of cardiac
tamponade in 67 patients and with the diagnostic purpose in 29
patients with large pericardial effusion. Cardiac tamponade was
defined as hemodynamically significant cardiac compression (including elevated central venous pressure, pulse paradoxes, tachycardia, and hypotension). Large pericardial effusion was defined
as at least 20 mm echo-free space surrounding the entire heart
on 2-dimentional transthoracic echocardiography at end diastole.
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exudate, one or more of the following criteria should be met: (a)
fluid total protein/serum total protein ratio >0.5, (b) fluid lactic
dehydrogenase (LDH)/serum LDH ratio >0.6, or fluid LDH > twothirds of the upper limits of the normal serum LDH value (19).
Each patient underwent a complete clinical evaluation, which
included a complete medical history-taking physical examination; electrocardiography; chest radiography; echocardiography;
complete blood count; wide serum biochemical profile; highsensitive CRP; thyroid function tests; and tests for rheumatoid
factor, antibodies against DNA, antinuclear antibodies, and tumor markers (CA 125, CA 19–9, alpha-fetoprotein, and carcinoembryonic antigen). Malignancy and rheumatological diseases
were investigated in all the patients.
Pericardial effusion secondary to acute pericarditis was diagnosed on the basis of at least one of the following symptoms
or signs: typical chest pain, pericardial friction rub, and typical
electrocardiographic changes. In addition, the presence of inflammatory signs and recent history of respiratory tract infection suggested the diagnosis of acute pericarditis possibly of a
viral origin. If the cause of the effusion was not apparent after
thorough evaluation, the diagnosis of idiopathic pericardial effusion was made. In patients with idiopathic pericardial effusion,
no further diagnostic tests were performed, as stated in the current guidelines of European Society of Cardiology (20).

Pericardiocentesis procedure
All the patients underwent echocardiography-guided subxiphoid P/S. Care was taken to perform a procedure via atraumatic
puncture. The puncture site was determined as 1 mm left to the
post-xiphoid angle. After being anesthetized locally with lidocaine (1%–2%), an 18 G puncture needle was introduced from
the right side of the xiphoid and then advanced subcostally, routed to the left shoulder with the application of continuous suction
to a syringe. When pericardial fluid was noticed in the syringe, a
floppy guidewire was inserted. After widening the skin with a 6F
dilatator, a pigtail catheter was sent over the wire. Localization
of the catheter was ascertained by echocardiography. Then, the
catheter placed at the appropriate site and maintained until the
amount of fluid drainage was lower than 25 mL/day.

CT protocol
CT was performed using a 64-multidetector CT scanner (Siemens, Somatom Emotion, Erlangen, Germany) for all the patients.
All the patients were evaluated using the same CT scanner.
Thorax CT scanning was performed at 5 mm slice thickness, 1.5
pitch, 110 kV, 70–90 mAs, and 160–200 ms temporal resolution.
The intravenous contrast agent was not administered to patients
with renal dysfunction or known allergy to the agent; contrastenhanced CT was performed in 58 patients. Among these patients, 44 patients had pre- and post-contrast CT images. The
patients underwent standard thorax scans after a standard contrast media injection protocol [100 mL of iopamidol-300 (Ultravist, Bayer Schering Pharma, Berlin, Germany)] at an injection
rate of 2–2.5 mL/s. Axial images were transferred to a standard,
commercially available workstation (Advantage Windows 3.1; GE
Medical Systems). This workstation was used to measure Hounsfield unit (HU) at five different locations. In total, 84 patients
underwent CT before P/S. The patients who underwent CT after
P/S had enough residual PE to analyze the mean HU of the fluid.

Analysis of pericardial fluid and
classification of pericardial effusion
Samples of the fluid were submitted for cytological examination, microbiological culture, and biochemical tests for glucose, protein, LDH, and adenosine deaminase levels, acid-fast
bacilli staining, aerobic and anaerobic bacterial cultures, fluid
complete blood count, and polymerase chain reaction analyses.
Fluid analysis was based on Light’s criteria. For the diagnosis of

Analysis of images and measurement of attenuation values
The pericardial fluid CT attenuation values (HU) were measured for all the patients using the imaging data. Because pericardial effusion composition may be affected by gravitational
factors, HU was measured in up to five different, circular regions
of interest (ROIs) within the effusion, including anterior, left anterolateral, left posterior, right anterolateral, and right posterior
in the section in which the largest effusion was observed. To
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obtain precise values, we evaluated largest possible (at least 2
cm2 area) circular or elliptical ROIs. Based on previous reports,
we measured the mean HU of each ROI (21). We calculated the
average of the five measurements to minimize the misinterpretation. In case ROI could not be enough for evaluaton in the predetermined five regions, the average HU was determined from
as many as five adequate regions. The image interpreters took
care to not include areas in proximity to the epicardial fat tissue,
paracardiac fat tissue, or thickened pericardial areas (Fig. 1). To
examine the effect of contrast media on CT attenuation values,
the pre- and post-contrast HU were determined in patients who
had both pre- and post-contrast images (Fig. 2). CT features such
as presence and pattern of pericardial thickening (irregular or
smooth), distribution of pericardial effusion (circumferential or
loculated), and enlargement of mediastinal lymph nodes (greater
than 10 mm in the shortest dimension) were evaluated for the
discrimination of exudates and transudates. The thickness of the
pericardium was measured with electronic calipers after magnification of a region of interest at the most thickened area, as
visualized from the imaging data.
Image analysis was separately conducted by one experienced cardiologist (M.C.) and one experienced radiologist (M.O.)
who were blinded to all clinical information and the nature of pericardial effusion as well as the other interpreter’s assessment. In
addition, the measurements were analyzed again after 2 days by
the same interpreters to evaluate intraobserver agreement.
Statistical analysis
Continuous variables were reported as the mean±standard
deviation (SD), and categorical variables were expressed as the
number of patients and percentages. HU measurements were
compared for both intraobserver and interobserver agreement
using intraclass correlation analysis. Kolmogorov–Smirnov tests
were used to assess the normality of data distribution. Pearson’s
chi-square test was used to compare categorical variables between groups. Independent sample T-test was used to compare
continuous variables between groups. Paired sample T-test was
used to analyze the difference in pre- and post-contrast images
of same patients. Correlation analysis was performed with Pearson’s and Spearman’s correlation coefficients. Receiver operating curve (ROC) analysis was performed to investigate the efficacy of CT attenuation values in discriminating the exudate and
transudate pericardial effusion and predicting cardiac tamponade. The sensitivity, specificity, p value, and area under the curve
(AUC) were calculated for the attenuation values. The cut-off values were determined to predict the differentiation of exudative
and transudate pericardial effusion. Statistical significance was
defined as p<0.05. Data were analyzed using SPSS 20.0 software.

Results
Ninety-six patients were categorized into two groups according to Light’s criteria: patients with exudative pericardial
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Figure 1. (a) Contrast-enhanced axial CT scan of the heart at the
level of the aortic valve in a 62-year-old female patient with loculated
pericardial effusion. The mean attenuation value of the effusion (circle)
was –2 HU. Pericardial fluid was demonstrated as a transudate after
pericardiocentesis. (b) Contrast-enhanced axial CT scan of the heart at the
level of 4-chamber view in a 19-year-old male with loculated pericardial
effusion. The mean attenuation value of the effusion (circle) was 30 HU.
The pericardial fluid was shown as an exudate after pericardiocentesis

a

b

Figure 2. (a) Pre- and (b) post-contrast-enhanced axial CT scan of the
heart at the level of 4-chamber view in a 40-year-old female patient with
circumferential pericardial effusion
Table 1. Baseline characteristics and CT findings of groups according
to types of pericardial effusion
Variables
		

Transudative PE Exudative PE
(n=30 patients) (n=66 patients)
31 (47.0%)

P

Gender, male %

17 (56.7%)

0.378

Age, years

62.1±12.6

57.0±15.5

0.110

CT attenuation, HU

1.13±4.3

14.85±10.7

<0.001

Pericardial irregularity

6 (20.0%)

17 (25.8%)

0.540

Pericardial thickness, mm

2.23±0.2

2.11±1.3

0.647

Loculation

4 (13.3%)

16 (24.2%)

0.222

Maximal pericardial
effusion thickness

23.4±13.8

20.1±13.1

0.268

Mediastinal lymph node
(size >1 cm)

8 (26.7%)

36 (54.5%)

0.011

Data are means±SD or n (%). CT - computed tomography; HU - Hounsfield unit; PE pericardial effusion

effusion (n=66 patients) and those with transudative pericardial
effusion (n=30 patients). In total, 16 patients were diagnosed
with acute pericardial effusion (<1 week), 48 patients with subacute pericardial effusion (1 week–3 months), and 32 patients
with chronic pericardial effusion (>3 months).
Baseline characteristic and CT findings of the groups are
represented in Table 1. CT attenuation values were significantly
higher in patients with exudative pericardial effusion than in
those with transudative pericardial effusion (14.85±10.7 HU vs.
1.13±4.3 HU, p<0.001) (Table 1, Fig. 3). In a detailed analysis of
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Discussion
To the best of our knowledge, this is the first study investigating the utility of CT attenuation values in the characterization of
pericardial effusion. In our study, the CT attenuation value was
determined to be a useful tool for the discrimination of exudative
and transudative pericardial effusion. CT attenuation values had
significant correlations with effusion protein, albumin, and LDH
levels; WBC counts; and related ratios as primary determinants
of exudative pericardial effusion. CT attenuation values deemed
to reflect the higher density and increased inflammatory activity. Besides the effectiveness of CT attenuation values in the
characterization of pericardial effusion, the results of our study
demonstrated that this parameter may be used to predict the
prognosis of patients with pericardial effusion.
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Figure 3. Box plots showing the attenuation values for the transudate
and exudate groups. The boxes stretch from the 25th to 75th percentile.
The horizontal line across each box 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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Pericardial effusion CT attenuation

subgroups according to the clinical evaluation and pathology
results of pericardial fluid, CT attenuation values were higher
in patients with haemopericardium, purulent pericardial effusion, and malignant pericardial effusion (Fig. 4). Loculation was
more prevalent in patients with exudative pericardial effusion
than in those with transudative pericardial effusion (24.2% vs.
13.3%), but this difference did not reach statistical significance
(p=0.222). Pathological mediastinal lymph node enlargement was
found to be more prevalent in patients with exudative pericardial effusion than in those with transudative effusion (54.5% vs.
26.7%, p=0.011).
CT attenuation values had a close positive correlation with
the pericardial fluid albumin (r=0.829, p<0.001), protein (r=0.752,
p<0.001), and LDH (r=0.708, p<0.001) levels; WBC count (r=0.564,
p=0.007); protein ratio (r=0.739, p<0.001); and LDH ratio (r=0.689,
p<0.001) and a negative correlation with the albumin gradient
(r=–0.725, p<0.001) (Fig. 5).
The diagnostic performance of CT attenuation values in the
determination of exudative and transudate pericardial effusion
was assessed by ROC analysis. A cut-off value of 4.7 HU for CT
attenuation had 80% sensitivity and 87.7% specificity for the
identification of exudative pericardial effusion (AUC, 0.935; 95%
CI, 0.887–0.988). In addition, a cut-off value of 6.5 HU for CT attenuation had 71.4% sensitivity and 72.3% specificity for the prediction of cardiac tamponade (AUC, 0.729; 95% CI, 0.612–0.845).
The effect of contrast on CT attenuation values was analyzed
in 44 patients. The pre- and post-contrast CT attenuation values
were not significantly different (8.7±9.6 vs. 8.9±10.4, p=0.841).
In total, 84 patients underwent CT before P/S. The mean CT
attenuation values of patients in whom P/S preceded CT did not
statistically differ from those of others (10.47 HU vs. 10.81 HU
p=0.895).
The intra- and interobserver correlations for the determination of CT attenuation values were evaluated and were found to
be in good agreement [intraclass correlation coefficient, 0.967
(95% confidence interval, CI, 0.919–0.987) and 0.931 (95% CI,
0.902–0.963), respectively].

Pericardial effusion CT attenuation (HU)
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Types of pericardial effusion according to the pathologic characteristic

Figure 4. Box plots showing the attenuation values for the types of
pericardial effusion according to pathological characteristics. The
boxes stretch from the 25th to 75th percentile. The horizontal line across
each box is the mean. The vertical lines with whiskers extending below
and above the boxes indicate the minimum and maximum values,
respectively
HU - hounsfield unit

Pericardial effusion is a relatively common pathology in clinical cardiology practice. In most cases (some data report 60% of
all cases), the etiology of pericardial effusion can be diagnosed
with initial clinical evaluation (1). Sometimes, the diagnosis and
management can be challenging. Echocardiography, as the most
available and reliable imagining modality for detecting the presence of pericardial effusion, enables assessment of the severity, distribution, and hemodynamic importance of pericardial
effusion. However, in the context of the diagnostic approach,
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Figure 5. Correlation between CT attenuation values and pericardial fluid albumin level, protein level, LDH–albumin gradient, protein ratio, and LDH
ratio. Each dot represents one patient; the straight line represents the best fit line obtained by linear regression analysis
CT - computed tomography; HU - hounsfield unit; LDH - lactate dehydrogenase

it seems underpowered (7). CT and MR offer valuable data in
patients with pericardial effusion. CT is less operator dependent and enables evaluation of the mediastinum and lungs, and
related abnormalities, including pericardial calcification and
thickness (8, 9). CT also shows more precise spatial distribution of pericardial effusion, particularly in circumstances where
epicardial fat, pericardial hematoma, and clots make diagnosis
insufficient (8, 9). CT can provide valuable information about the
hemodynamic significance of pericardial effusion. Superior and
inferior vena cava enlargement, periportal lymphedema, contrast material reflux to the IVC and azygos vein, enlargement of
the hepatic and renal veins, flattening of the anterior surface
of the right ventricle, coronary sinus compression, and bowing
of the interventricular septum may indicate cardiac tamponade,
particularly in suspected cases (8).
CT attenuation is an overlooked radio-diagnostic parameter,
particularly in cardiovascular diseases. There are scarce data
about the visceral effusion and CT attenuation relationship. In
the first study on this issue, Nandalur et al. (17) investigated the
clinical use of CT attenuation values to characterize pleural fluid.
Consistent with our results, they reported that exudative pleural
effusion had significantly higher CT attenuation values than transudative effusion, and CT attenuation values had a positive correlation with the pleural total protein and pleural/serum protein

ratio. However, they concluded that the accuracy of this parameter was moderate because of the overlap in attenuation values
between transudates and exudates (17). In the prompting study
about the feasibility of this parameter in pleural effusion, Çullu
et al. (18) demonstrated CT attenuation as a useful diagnostic
tool in differentiating exudates from transudates. A considerable
overlap also existed in their study, but they recommended that
evaluation of attenuation values with clinical findings could handle this problem (18). In contrast, we did not find any considerable overlap in CT attenuation values of exudate and transudate
pericardial effusion. We postulated that the different biochemical properties of pericardial and pleural fluid lead to this difference. Ben-Horin et al. (22) reported that pericardial fluid had significantly higher LDH and protein levels and ratios than pleural
fluid. Despite the use of Light’s criteria in both fluids, the different
compositions of these fluids should be assessed further. The effectiveness of Hounsfield density measurement in the evaluation
of pericardial effusion composition was studied by Rifkin et al.
(21). They investigated the association of CT attenuation values
with pericardial effusion hematocrit and total protein levels and
found a significant correlation between these parameters. Contrary to our results, they concluded that in a linear combination,
the correlation between total protein levels and CT attenuation
was not statistically significant (21). We proposed that the dif-
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ferences in the study population may lead to this discrepancy.
Almost half of their patient population consisted of post-cardiotomy patients who underwent P/S because hemopericardium
was suspected. In our study, the percentage of patients with hemopericardium was only 6.3%. The elevated HCT level in patients
with hemopericardium may cause this difference.
In addition, in our study, we investigated the importance of
other CT findings in pericardial effusion characterization. Pericardial irregularity, thickness, and loculation and maximal pericardial
effusion thickness were not different in patients with exudative
and transudative pericardial effusion. In addition to CT attenuation
values, pathological mediastinal lymph node enlargement differed
in exudative and transudative pericardial effusion. In the study of
Sun et al. (14), the enlargement of mediastinal lymph nodes was
more prevalent in malignant effusion from benign cases.
Clinical implications
The use of CT attenuation values to characterize pericardial
effusion can be particularly beneficial in patients with pericardial
effusion who are not candidated for P/S because of the localization of fluid or any contraindications. In addition, this measurement may be used in the assessment of patients with pericardial
effusion, in whom the effusion is not sufficient to perform P/S.
This measurement may decrease the necessity of diagnostic
P/S and may at least give clinicians an idea about pericardial
effusion before P/S.

Study limitations
The sample size was relatively small, and the results of this
study should be confirmed in larger prospective studies. Longterm prognostic data such as those of mortality and recurrence
of pericardial effusion were not evaluated.

Conclusion
In conclusion, CT attenuation values seem to enable the characterization of pericardial effusion, particularly the discrimination of exudative and transudative pericardial effusion. CT attenuation values demonstrated significant correlations with major
determinants of pericardial effusion. This parameter can facilitate the clinical evaluation of patients with pericardial effusion.
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