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Abstract

Background: Pleural effusion is common and can cause
significant morbidity. The chest X-ray is often the initial
radiological test, but additional tests may be required to
reduce uncertainty and to provide additional diagnostic
information. However, additional exposure and unneces-
sary costs should be prevented. The objective of the study
was to assess the clinical benefit of an additional chest
computed tomography (CT) scan over plain chest X-ray
alone in the management of patients with pleural
effusion.
Methods: Retrospective analysis in 94 consecutive
patients with pleural effusion who underwent chest
X-ray and CT scan over an 18-month period in a single
institution. All chest X-ray and CT scan reports were
compared and correlated with clinical parameters in
order to assess their utility in the clinical management.
No blinding was applied.
Results: In 75 chest CT scan reports (80%), information
provided by the radiologist did not change clinical man-
agement when compared to plain chest X-ray alone and
did not provide any additional information over chest
X-ray. Only 2/49 (4%) of the native chest CT scan reports
provided clinically relevant information as compared to
17/45 (38%) contrast-enhanced chest CT scan reports
(p < 0.001).
Conclusions: In this retrospective cohort of patients
with pleural effusion, an additional chest CT scan was
not useful in the majority of patients. However, if a
chest CT scan is required, then a contrast-enhanced
study after pleural aspiration should be performed.
Further prospective studies are required to confirm
these findings.
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Introduction

Pleural effusion, a pathologic accumulation of fluid in
the pleural cavity, is common and a significant cause of
morbidity [1]. Normally, the pleural cavity contains a
small amount of serous fluid (5–10 mL) [2] which allows
the smooth movement between the visceral and parietal
pleura. An imbalance between the secretion and reab-
sorption of the fluid within the pleural cavity results in
its accumulation (pleural effusion) and can occur due to
various causes, the most common being malignant neo-
plasia, congestive heart failure pneumonia, cirrhosis, and
tuberculosis [3, 4].

It is important to define the type of effusion and the
underlying cause in order to effectively manage the indi-
vidual patient. It can be either transudative or exudative
based on fluid analysis using Light criteria [2, 5, 6]. This
differentiation helps narrow the underlying process and
guides further investigation(s) and treatment [5]. For
instance, transudative effusion is mainly caused by
increased hydrostatic pressure and/or decreased oncotic
pressure and is often the result of a systemic process such
as congestive heart failure, cirrhosis of the liver, or
nephrotic syndrome. In contrast, exudative effusion is
primarily due to the increased permeability of the capil-
lary bed due to an inflammatory or neoplastic process
involving the pleura and/or lung parenchyma [7].
Pneumonia, tuberculosis, and cancer are the common
causes of exudative effusion [8].

Differential diagnoses are wide-ranging; therefore,
cost-effective, systematic approaches in the diagnosis of
an underlying cause are important. Chest X-rays, ultra-
sound, and computed tomography (CT) scans are often
used to confirm suspected clinical findings. The purpose
of additional testing is to reduce the uncertainty and to
provide useful diagnostic information that helps in reach-
ing the correct diagnosis efficiently and safely. Timely,
safe, and cost-effective approaches to establishing the
underlying cause of pleural effusion are important and
guidelines are available [5, 9]. However, the management
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of pleural effusion in clinical practice is heterogeneous [8]
and though guidelines recommend analysis of the pleural
fluid before advanced imaging [10]. CT of the chest is often
performed before aspiration of the pleural fluid in clinical
practice, when analysis of the pleural fluid is actually
more important in guiding further management of indivi-
duals with pleural effusion.

Effective utilization of resources and cost of care are
secondary issues but are equally important and need to be
considered in the current health care environment when
resources are finite. Similarly, exposure to radiation is an
important safety measure and must be considered when
requesting imaging studies, including CT scans [11, 12],
especially when it may not provide additional information
over other investigations to change management.

To our knowledge, no prior studies have evaluated
the utility (or futility) of chest CT scans in the presence of
pleural effusion. We conducted this study specifically to
answer this question.

Materials and methods

We conducted a retrospective analysis of the reports of the imaging
studies performed on patients with a new diagnosis of pleural effu-
sion between 1st June 2014 and 31st December 2015 at Timmins and
District Hospital, Ontario, Canada. Only written reports of the ima-
ging studies were assessed and individual films were not reviewed
or reread. All CT scans were performed using a Toshiba Aquilion 64
scanner (Toshiba Medical Systems Corporation, Tustin, CA, USA).
Those who had pleural aspiration before a chest CT as per guidelines
were excluded. The local Ethics Committee at the hospital approved
the study. Statistical analysis was performed using SPSS (Statistical
Package for the Social Sciences, SPSS Inc., Chicago, IL, USA) version
16.0, and the χ2-test was performed on the additional information
reported on contrast-enhanced versus non-enhanced chest CT
reports compared to chest X-ray reports. The statistically defined
significance level was 0.05.

Results

A total of 3284 chest CT scans were performed during the
study period for various indications. Of these, a total of 111
patients had a new diagnosis of pleural effusion on chest
X-ray and chest CT scan. Of these, 17 patients had pleural
fluid aspiration as per guidelines and were excluded from
this study. Ninety-four (84.6%) individuals who had chest
CT before aspiration of the pleural fluid (Figure 1) were
included in this study. The mean age was 69.84 years
(range 24–97) with 77% of individuals being over the age
of 60, and 50 (53.2%) were males. Of these 94 individuals,
55 (58.5%) had hypertension, 39 (41.5%) had a history of
ischemic heart disease or congestive heart failure, and 23
(24.5%) and 11 (11.7%) had diabetes mellitus and chronic
kidney disease, respectively (Table 1).

Of the 94 chest CT scans, 49 were non-contrast and
45 were contrast-enhanced studies. Forty-seven (96%) of
the 49 non-contrast chest CTs did not provide any clini-
cally significant information beyond the chest X-ray
(Table 2) that would have altered the management. Only
2 of the 49 non-contrast chest CTs provided additional
information, suggesting a neoplastic process (one with
hilar and mediastinal lymphadenopathy and the other
showing bilateral pulmonary nodules with hilar and med-
iastinal lymphadenopathy). Seventeen (37.8%) of the 45
contrast-enhanced CT scans showed clinically significant
information (Table 3).

Discussion

Imaging studies play a pivotal role in the diagnosis and
management of pleural disease, and chest CT is fre-
quently used to investigate thoracic pathologies because

Non-contrast       Chest CT                              Contrast study

49 (52.1%) 45 (47.9%)

Chest CT before pleural fluid aspiration

94 (84.68%)

Newly diagnosed pleural effusion

111 (0.0338%)

Total number of Chest CT (during study period)

3284

Figure 1: Selection of study population.
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of its cross-sectional perspective and superior contrast
resolution [13] and is often considered the gold standard
as it is better at differentiating pleural from parenchymal
disease [14]. However, the non-contrast chest CT in the
presence of pleural effusion often confirms pleural effu-
sion and shows the underlying collapsed lung and rarely
provides additional information [15] over chest X-ray. In
our study, 47 of 49 (95.9%) non-contrast studies did not
provide a clinically significant or relevant finding beyond
a chest X-ray that would have helped clarify the under-
lying process. Simpson and Hartrick concluded that 68%
of analyzed chest CT scans were inappropriate in their
study [15]. Similarly, the Canadian Association of
Radiologists noted that “as many as 30% CT scans and
other imaging procedures are inappropriate or contribut-
ing no useful information” [16].

The contrast-enhanced chest CT is useful in the
management of patients with suspected malignant effu-
sion [17], but is poor in differentiating empyema from
parapneumonic effusions [7]. The important aspect of
the chest CT scan is not only to detect pathology in the
pleural cavity but also to define the associated pathol-
ogy, if any, of the lung parenchyma and the presence or
absence of hilar lymphadenopathy [6]. Contrast-
enhanced chest CT is often used to enhance the pleural

and lung parenchymal lesion(s) in cases of pleural effu-
sion. In this study, we found that pulmonary nodules,
mediastinal, and/or hilar lymphadenopathy were the
common findings on a contrast-enhanced chest CT that
provided clinically significant information over non-con-
trast studies (38% vs. 4%; p < 0.001). A recent small
retrospective analysis of the CT images of 32 patients
with pleural effusion with pre- and post-drainage chest
CT scans failed to provide an additional findings to
change management; however, it is not clear whether
these were contrast-enhanced studies or not [18]. Recent
guidelines [10] also recommend a contrast-enhanced
chest CT scan when analysis of pleural fluid failed to
reveal the underlying cause.

The volume of pleural fluid can be estimated with a
reasonable degree of accuracy with a chest X-ray and a
posteroanterior view can detect over 200 mL of fluid in
the pleural cavity, whereas a lateral view can detect as
little as 50 mL of fluid [19]. Furthermore, the decubitus
view of the chest X-ray can detect small amounts of free
fluid and differentiate a free-floating from a loculated
pleural effusion [20]. Compared to a chest X-ray and
thoracic sonography, a chest CT scan is associated with
relatively higher exposures of radiation [11] and addi-
tional costs to the patient or the healthcare system [15].
Thoracic sonography (USG) has been assessed in a recent
study and was considered a useful diagnostic tool
because of its low radiation exposure, cost-effectiveness,
and noninvasiveness [21]. We have not assessed the role
of thoracic ultrasound in this study, but the current avail-
ability of portable bedside ultrasound machines may
improve its usefulness and application in clinical practice
without increasing cost of care.

To our knowledge, no studies comparing the cost of
different radiological tests are published in Canada, and
the cost of the same study is variable in different parts of
the United States. In Canada, though the cost to the
patient is nil – being a universal healthcare, but cost to
system of non-contrast chest CT scan [22]. The use of
imaging tests has been rapidly increasing over the past
decade, resulting in an exponential increase in imaging

Table 1: Demographics.

Patient characteristics Number (%) (n=)

Age, years . (Range:
–)

>  years  (.)
<  years  (.)

Gender
Male (.)

Comorbidities
Hypertension  (.)
Ischemic heart disease/Congestive heart

failure
 (.)

Diabetes  (.)
Chronic kidney disease  (.)

Table 2: CT chest in pleural effusion – additional information compared to chest X-ray.

CT Chest: Type n= Additional information over chest X-ray Significance (χ)

Yes No
n= (.%) n= (.%)

Non-contrast (n=)  (.%)  (.%) (p=.)
Contrast (n=)  (.%)  (.%)
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costs in Canada [16] and data from Canadian Institute for
Health Information show that 4.4 million Canadians
underwent a CT scan in 2011–2012 [23]. Selecting the
appropriate test in the diagnostic pathway is paramount,
and it not only provides useful information but also saves
the costs of unnecessary tests. If we could eliminate
inappropriate imaging even in a small number of indivi-
duals, it will have a significant impact on the health care
system, not only in constraining cost but also in improv-
ing quality and patient safety [24].

CT, in addition to its cost, is one of the major sources
of radiation exposure in medical imaging. In the recent
years, the utilization of CT scans has rapidly increased in
medical practice. In 1997, only 3% of radiological tests
were CT scans but they were responsible for 20% of total
radiation exposure and within a decade the radiation
exposure attributed to CT scans has seen a 3-fold increase
[25, 26]. Radiation exposure from a chest CT scan is
considered minimal (8 mSv) but is still 400 times that
of the radiation exposure from a chest X-ray (0.02 mSv)
[27]. Cumulative radiation exposure is one of the emer-
ging risk factors for the development of cancer [12]. In
current medical practice, the exposure to radiation from

medical imaging is increasing despite its attributable risk.
There is no doubt that increased use of CT has improved
diagnostic and therapeutic abilities of the practicing clin-
icians and improved patient outcomes. However, this
practice increases the radiation exposure of the indivi-
dual patient over time, and this risk of radiation must be
taken into consideration when ordering an imaging study
during the evaluation of an individual patient [12].

The non-contrast chest CT in the presence of pleural
effusion should be avoided because of its low diagnostic
yield, risk of radiation exposure, and additional cost to
the individual or the system. The analysis of the pleural
aspirate should be performed before advanced imaging
as per guidelines. If required, then a contrast-enhanced
chest CT should be considered after careful assessment of
the risk-benefit ratio and alternate options.

Limitation

Our study is limited as it is a retrospective and an obser-
vational study from a single center. Only the original
reports by the reading radiologist(s) for all imaging

Table 3: Comparison between chest x-ray and contrast-enhanced CT scan findings (based on Radiologist reports).

Number of
cases

Chest X-ray reports Contrast CT scan reports

 Left pleural effusion associated with atelectasis Left pleural effusion with pleural nodules
 Left pleural effusion with diffuse opacification of left

hemithorax, possible lymphadenopathy
Left pleural effusion with mediastinal and hilar
lymphadenopathy

 Left pleural effusion with bronchial thickening on the right Left pleural effusion with conglomerate mediastinal
lymphadenopathy

 Left pleural effusion with collapse and consolidation Complex loculated air fluid with collapse and consolidation
 Bilateral pleural effusion with consolidation Left pleural effusion with upper lobe mass and mediastinal

lymphadenopathy
 Bilateral pleural effusion with atelectasis Right pleural effusion with subcarinal lymphadenopathy
 Right pleural effusion with residual hydropneumothorax Right pleural effusion with bilateral multiple pulmonary

nodules
 Right pleural effusion with patchy opacities Right pleural effusion with hilar lymphadenopathy
 Bilateral pleural effusion Bilateral pleural effusion with pleural nodules
 Right pleural effusion with bibasilar atelectasis Right pleural effusion with multiple pleural nodules
 Bilateral pleural effusion with basilar opacity and right upper

lobe nodule
Bilateral pleural effusion with basal segmental atelectasis
and calcified pleural plaques

 Complete opacification on left hemithorax Massive left pleural effusion with mediastinal and hilar
lymphadenopathy

 Right pleural effusion with hilar mass Right pleural effusion with bilateral hilar lymphadenopathy
 Bilateral pleural effusion with consolidation Bilateral pleural effusion with upper lobe consolidation and

hilar lymphadenopathy
 Left pleural effusion with atelectasis, small pulmonary nodule

on upper left lobe
Left pleural effusion with anterior mediastinal mass

 Bilateral pleural effusion with atelectasis Bilateral pleural effusion with subcarinal lymphadenopathy
 Left pleural effusion with likely granulomas Left pleural effusion with bilateral lymphadenopathy and

pulmonary nodules
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studies were assessed. The films were not reviewed to
mimic real-life practice and to reduce confounding from
the effect of hindsight. The scope of this observational
study was limited to the (ab)use of chest CT in the pre-
sence of pleural effusion in real-life practice.

Conclusions

In the management of pleural effusion, a chest X-ray with
decubitus view often provides sufficient information at
minimal cost for its initial management. To effectively
utilize resources and to avoid unnecessary radiation
exposure, a chest CT should preferably be performed
after aspiration of the pleural fluid as per guidelines,
and when required, a contrast-enhanced study should
then be performed. Further prospective studies are
required to confirm these findings.
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