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ABSTRACT

Introduction: The presence of free pleural fluid is a common cause of dyspnea, particularly in the elderly population with
multiple morbidities. There are many causes for this condition, but the most common include heart failure, cancer, lung
infections, liver failure, and so on. The most common diagnostic tests for free pleural fluid are X-ray and ultrasonography,
and in selected cases, computed tomography. In addition, we present the case of our patient who had a moderate amount of
fluid in the pleural cavity, which caused significant clinical symptoms, and who did not consent to undergo an X-ray or CT
scan due to his own beliefs.

Method: The aim of this paper is to describe our own experience with using ultrasonography in the diagnosis of free pleural
fluid and to conduct a literature review using the Pubmed medical database, examining the sensitivity and specificity of
ultrasonography in the diagnosis of free pleural fluid and its comparison to X-ray.

Results: Based on the conducted studies, it can be concluded that ultrasonography is more effective in the diagnosis of free
pleural fluid than X-ray. Furthermore, the advantages of ultrasonography include its wide availability, the lack of ionizing
radiation, low diagnostic cost, and the ability to perform the examination at the bedside. Thanks to ultrasound, it became
possible to diagnose free fluid and then drain it without the use of radiological methods in accordance with the patient's will.
Conclusions: Lung ultrasound is far more sensitive and specific tool in diagnostic of the pleural effusion and significantly
increases the safety of invasive therapeutic procedures such as thoracentesis thanks to the possibility of continuous real-time
imaging.
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Introduction

The pleural cavity is a demarcated space created by the pulmonary pleura and the parietal pleura, which
physiologically contains a small amount of fluid that facilitates the sliding of the pleural sheets against each
other during respiration [1]. Pathological conditions can also lead to the accumulation of large amounts of
fluid, causing difficulty in breathing or even compression of the lung or its fragments [2]. This condition is
one of the most common causes of dyspnea in patients, often requiring intervention in the form of thoracentesis
[3]. There are many diseases that can lead to the accumulation of fluid in the pleural cavity, but there are no
precise methods for visually differentiating this fluid. In addition to the traditional medical history and physical
examination, which may lead to the suspicion of free pleural effusion, it is necessary to perform additional
imaging tests [3,10]. The most common include X-ray, ultrasonography (USG), and computed tomography
(CT). Ultrasonography, thanks to its physical properties, is the safest technique for both the patient and the
staff. Furthermore, thanks to its instrumentation, it can be used bedside [12]. Studies have shown that it detects
the smallest amounts of fluid compared to other tests, and the procedure and interpretation time are the shortest.
Another undeniable advantage is the ability to perform ultrasound-guided thoracentesis of the pleural cavity
(currently the gold standard), which significantly increases the safety of the entire procedure. From an
economic perspective, it is also the cheapest diagnostic method and does not require transport to a radiology
facility [11] Free pleural fluid is primarily identified by the presence of anechoic, mobile areas that localize
gravitationally and move with respiration. Large amounts of free pleural fluid can compress the lung, leading
to atelectasis (so-called compression atelectasis), described as consolidation with a visible static bronchogram,
most often ballooning in the surrounding anechoic fluid [13-14]. In their comments to the recommendations,
the authors additionally recommend performing an ultrasound examination after a chest X-ray, especially if
the radiological findings are unclear or if thoracentesis is planned. Thickening of the parietal pleura (greater
than 2 mm) and/or detection of focal lesions within the parietal pleura may suggest the presence of metastatic
fluid [15-18].
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Methods:

The study was based on an analysis of the patient's own diagnostic experience gained during routine
ultrasound examinations and a literature review for publications comparing ultrasound and X-ray in the
diagnosis of free pleural effusion. The search for papers was conducted using Pubmed.

Results:

A patient presented to our emergency department in fair condition with shortness of breath for two days,
reporting blunt chest trauma on the right side. He had no fever, vital signs were normal, and a physical
examination revealed concerns about the presence of a dull ache in the area of the base of the right lung. The
patient refused the proposed radiological examination, believing it to be harmful radiation and that he did not
wish to be exposed to radiation. Despite lengthy discussions, the patient maintained his position but consented
to an ultrasound examination, which revealed approximately 300 ml of free fluid. The patient consented to
drainage, which resulted in the removal of approximately 280 ml of mildly blood-tinged fluid. He was
transferred to the pulmonary ward with an immediate improvement in his shortness of breath. After a week,
he was discharged home in good general condition. Subsequent outpatient visits showed no deterioration. The
patient is reportedly still skeptical of the X-ray examination.

In the systematic review following the selection process, nine publications from 1997 to 2019 from nine
countries were finally analyzed. General information is presented in Table 7. A total of 1,456 patients were
included in the analysis, of which 659 had confirmed pleural effusion. In eight of the studies, the examination
was computed tomography (CT), and in one case, ultrasound performed on a high-quality device by an
experienced operator.

LUS X-ray
Publ. Year | SEN 95% CI SPE 95% CI SEN 95% CI SPE 95% CI
Ma [21] 1997 | 96% 80-100% | 100% | 98-100% | 96% | 80-100% | 100% | 98-100%

Kataoka [22] 2000 | 90% 79-96% 95% 77-100% | 43% 31-57% 100% | 85-100%

L‘Ch[tze;]“em 2004 | 92% 85-96% | 93% 89-96% | 39% | 29-49% | 85% 81-89%

Rocco [24] 2008 | 95% 82-99% 99% 96-100% | 24% 11-40% 96% 91-98%
Xirouchaki [25] | 2011 | 100% | 94-100% 100% | 84-100% | 65% 52-77% 81% 58-95%
Wang [26] 2012 | 95% 93-98% 87% 85-90% 34% 20-43% 75% 72-77%
Agmy [27] 2014 | 100% | 96-100% 100% | 98-100% | 55% 45-60% 84% 80-88%
Graven* [28] | 2015 | 98% 93-100% 70% 47-87% 40% 30-51% 78% 56-93%
Danish [29] 2019 | 88% 80-93% 100% | 96-100% | 48% 39-57% 77% 62-87%

Based on the above-presented results, it can be concluded that ultrasonography can diagnose pleural
effusion with a sensitivity and specificity of 95% and 94%, respectively, while the sensitivity and specificity
of X-ray was 49% and 86%, respectively.

Discussion:

The presence of pleural effusion is one of the most common causes of dyspnea, particularly among
elderly patients [1-3]. There are many causes of this condition, but the most common include heart failure,
chronic cancer, bacterial pneumonia, and liver failure. Imaging methods that can be used to diagnose pleural
effusion include X-ray, ultrasound, and CT, as described previously [4, 5-7]. Ultrasonography stands out from
other methods not only for its highest safety profile and lowest operating costs, but also for its highest
availability, which results from the increasing availability of 24-hour ultrasound scanners in hospital wards
[11]. Another important advantage of ultrasound is the ability to perform the examination independently,
practically at the patient's bedside, and to plan and safely perform thoracentesis [12]. Due to the lack of ionizing
radiation, repeated follow-up examinations of the patient's pleural cavities are possible at any time interval,
which would be unacceptable with radiological methods [12-14]. In everyday clinical practice, depending on
the center, ultrasonography and X-ray examinations dominate. Based on the results of numerous scientific
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studies comparing X-ray and ultrasound, ultrasonography clearly prevails [4-5, 13-14]. The analysis confirmed
this hypothesis, as based on selected studies [21-29], the average sensitivity and specificity of ultrasonography
were 95% and 94%, respectively, while X-ray had a sensitivity of only 49%. The high specificity of 86% is
due to the large volumes of fluid in the pleural cavity, which causes the characteristic X-ray appearance. It is
also important to cite data from numerous scientific studies [14, 23, 30-31] regarding the amount of fluid in
the pleural cavity that can be diagnosed using these methods. Ultrasonography can detect the presence of as
little as 20-30 ml of free fluid, and even 3-5 ml of confined fluid (e.g., in the form of an abscess). These values
are many times smaller than for X-ray, where the minimum amounts of fluid detected were 150 ml (PA view),
50-75 ml (lateral view), and 500 ml (supine position). Regarding fluid volume estimation using ultrasound, a
good correlation has been demonstrated between mathematical formulas and the actual volume obtained after
thoracentesis, but this method is still somewhat controversial [14, 19]. According to skeptics of fluid volume
estimation formulas, it is difficult to obtain repeatable results, even in consecutive measurements, much less in
measurements performed by different people. Furthermore, accurate fluid distribution, although gravitational in
nature, may vary among patients depending on their anatomy. A counterargument is that the estimated fluid
volume does not need to be highly accurate, as it is important to determine its order of magnitude, not its exact
volume. Furthermore, determining the exact volume is not a factor that would dramatically change the therapeutic
approach. Being aware of the advantages and disadvantages of mathematical estimation of the volume of fluid
in the pleural cavity, in order to obtain the most reliable results, recommendations have been developed according
to which measurements in a given patient should always be made in the same place, in the same position and
using the same formula [14, 19, 33]. A precise assessment of the fluid and its nature (exudate, transudate, etc.) is
only possible after performing appropriate laboratory tests, however, there are certain ultrasound features based
on which its type can be approximately determined. In patients with congestive heart failure, the pleural effusion
observed on ultrasound typically appears as an anechoic collection of fluid. The absence of internal echoes is
characteristic, and no additional echogenic structures are visualized within the effusion. This clear, echo-free
appearance reflects the transudative nature of the fluid, which is usually caused by increased hydrostatic pressure
rather than an inflammatory or malignant process.

When the pleural effusion develops in the context of infection, its ultrasound features are more variable.
Initially, the fluid may present as anechoic, resembling simple transudates, but as the inflammatory process
progresses, the effusion often becomes increasingly echogenic. This transition toward hyperechogenicity
suggests the presence of cellular elements, fibrin strands, and proteinaceous material, indicating that the fluid
is organizing. Thus, the ultrasonographic appearance evolves with the stage and severity of the infection. A
more advanced infectious complication is the pleural empyema, which demonstrates distinct sonographic
features. The effusion in this case is typically hyperechogenic, reflecting the presence of a large number of
inflammatory cells, bacteria, and debris. The fluid is described as cellular-rich and frequently accompanied by
surrounding inflammatory changes in adjacent organs and tissues, which can also be detected on imaging.
These sonographic findings correlate with the clinical picture of severe infection and highlight the necessity
of urgent drainage and antimicrobial treatment. In patients with lung cancer or metastatic disease, the
sonographic characteristics of pleural effusions are also distinctive. The fluid is often echogenic rather than
anechoic, suggesting the presence of tumor cells, blood, or proteinaceous material. One particularly notable
finding is the so-called plankton sign, which refers to the visualization of suspended particles within the
effusion, moving slowly with respiratory or cardiac motion. Additionally, pathological soft-tissue masses are
frequently seen in the surrounding pleura or adjacent structures, providing further evidence of malignant
infiltration. The combination of these features strongly raises suspicion for a neoplastic etiology. Finally, in
the setting of pulmonary embolism, pleural effusions generally appear anechoic, resembling those seen in heart
failure. However, the key distinguishing feature is their localization. The fluid is most often found overlying
an area of pulmonary infarction, corresponding to the region where vascular obstruction has led to ischemic
injury of the lung parenchyma. Although the effusion itself is simple in appearance, the clinical context and
distribution help in recognizing its thromboembolic origin. A specific situation that should be mentioned is the
possible organization of high-protein fluid and the formation of fibrinous septa in the pleural cavity, which
constitutes a contraindication to percutaneous thoracentesis and requires consideration of thoracic surgery [14].
This most often occurs in chronic inflammatory processes of the lungs or in tumors. Blood in the pleural cavity
may also raise some controversy. Blood in the pleural cavity, while fresh, is anechoic, but over time, it
organizes into a thrombus, which can be confusing for an inexperienced user [14, 21]. Other conditions that
should be differentiated from free pleural fluid include lung abscess, pleural empyema, or even lung cyst (case
reports) [14, 37].
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Conclusions:

Based on the conducted research, the following conclusions can be drawn:

e Ultrasonography is the safest and cheapest diagnostic method for diagnosing pleural effusion.

e Ultrasonography enabled us to quickly make a diagnosis and begin treatment for our patient, who,

despite medical contraindications, completely ruled out radiological diagnostics. Nevertheless, we must
respect his wishes and suggest other diagnostic methods as long as it does not compromise the patient's well-
being, even if we disagree with his views.

e The sensitivity of ultrasonography is significantly higher than that of X-ray (95% vs. 49%), while

specificity is only slightly higher (ultrasound 94% vs. X-ray 86%).

e Ultrasonography is the only imaging method that can be used to safely perform thoracentesis with

real-time imaging.

e Ultrasonography can detect very small amounts of pleural effusion.
e [f one imaging technique is inconclusive, additional tests should be performed using a different

technique (1st stage — X-ray, ultrasound; 2nd stage — CT).

10.
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