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ABSTRACT

Background: Malignant pleural effusion (MPE) is a frequent issue in advanced
cancers. It leads to serious breathing problems and reduces the quality of life.
Doctors often use chemical pleurodesis to prevent the fluid from returning.
Assessing how well pleurodesis works is important for clinical decisions. Imaging
methods like ultrasound, computed tomography (CT), and chest X-ray are key for
checking results after the procedure.

Objective: To evaluate the effectiveness of pleurodesis in patients with malignant
pleural effusion using thoracic ultrasonography, computed tomography, and chest
radiography, focusing on the absence of pleural sliding as a sign of successful
treatment.

Methodology: This study was performed at the Department of Medicine, Kabir
Medical College, Peshawar. Fifty-four patients with malignant pleural effusion had
intercostal chest tubes inserted, and then underwent chemical pleurodesis with
bleomycin. Transthoracic ultrasound was done by researchers before the
procedure, and again one month later to assess for the pleural sliding sign. Chest X-
rays and CT scans also aided in determining the success of the pleurodesis.

Results: Out of the 54 patients, 43 (79.6%) had successful pleurodesis. This was
signified with no pleural sliding on ultrasound, a lack of recurrence of pleural effusion
on CT and X-ray. Inthe mammary and supra-mammary regions, 81.5% had loss of
sliding. Axillary and posterior regions, 77.8% and 75.9% loss of sliding, respectively.
There was no significant difference in the results based on the type of sclerosing
agent employed in the procedure.

Conclusion: Transthoracic ultrasound is a trustworthy and effective non-invasive
tool to evaluate the success of pleurodesis in malignant pleural effusion; the loss of
the pleural sliding sign is associated with effective pleural adhesion. The CT and X-
ray assessments support the ultrasound findings and use of sclerosing agent type
did not significantly influence outcomes of pleurodesis.
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Introduction

alignant pleural effusion (MPE) is a frequent and

worrisome complication in patients with

advanced malignancies. Malignant pleural
effusion is defined as fluid in the pleural space that
accumulates due to cancer and is often manifested by
significant symptoms such as shortness of breath, cough,
and chest pain which compromises a patient's quality of
life." While presence of MPE indicates a generally poor
prognosis, median overall survival is between 3 to 12
months depending on the type of cancer” Common
primary tumors leading to malignant pleural effusion
include lung cancer, breast cancer, and lymphomas.’
The management of MPE mainly aims to relieve
symptoms and prevent fluid buildup. One common
treatment option is chemical pleurodesis. This procedure
injects a sclerosing agent into the pleural space. The goal
is to create inflammation and fibrosis. This process closes
off the pleural cavity and stops further fluid accumulation.’
Agents like talc, bleomycin, and doxycycline are often
used. Talc is generally seen as the most effective agent.
However, bleomycin is usually preferred for patients with
weakened lung function because it poses a lower risk of
causing acute respiratory distress syndrome.’
Traditionally, doctors evaluate the success of pleurodesis
by looking for clinical improvement and by checking for
reduced or absent fluid reaccumulation through imaging.
Chest radiography has often been the first imaging
method used for this assessment because it is widely
available and affordable. However, it is not very sensitive
for detecting small amounts of leftover fluid or for
assessing the apposition of the pleura.® Computed
tomography (CT) provides better spatial resolution and is
more reliable in detecting remaining effusions, thickening
of the pleura, or nodules. It also helps confirm that there is
no pleural space, which indicates that pleurodesis has
been successful.”
Thoracic ultrasonography (TUS) has become a highly
sensitive, non-invasive, bedside tool for assessing pleural
diseases. It can detect pleural effusions as small as 5t0 50
mL and allows for real-time evaluation of pleural surfaces.
This capability makes it especially useful for guiding
pleurodesis.® One key sign that TUS evaluates is the
"pleural sliding sign." This sign indicates the movement of
the visceral pleura against the parietal pleura during
breathing. If the sliding sign is missing after pleurodesis, it
suggests that the two pleural layers are stuck together.
This situation indicates a successful pleural symphysis.’
TUS gives advantages such as repeatability, no radiation
exposure, and dynamic functional information. Studies
suggest that lack of pleural sliding on ultrasound is
strongly related to pleurodesis success. This may
potentially be an early, objective marker to identify pleural
adhesion prior to any clinical or radiographic evidence
appearing.”

While ultrasound may provide valuable insights into the
outcome of pleurodesis, the field still exhibits variable
application and interpretation of thoracic ultrasound. In
addition, reports concerning ultrasound findings should
be complemented by established imaging techniques
including chest X-ray and computed tomography. If
anything, this article emphasizes the need for studies
determining the role of TUS in conjunction with other
imaging modalities after pleurodesis.

The study described herein evaluated and compared the
usefulness of transthoracic ultrasound, chest X-ray, and
computed tomography in the assessment of pleurodesis
success in patients with malignant pleural effusion.
Specifically, the research focused on thoracic ultrasound
assessment of the pleural sliding sign as a potential
predictor of pleurodesis success.

Objective

To assess the efficacy of pleurodesis in patients with
malignant pleural effusion using thoracic ultrasono-
graphy, computed tomography, and chest radiography,
with a focus on the absence of pleural sliding as a marker
of successful intervention.

Methodology

The present study was conducted in the Department of
Medicine at Kabir Medical College in Peshawar, Pakistan,
over a period of six months. In this study a total of 54
patients with malignant pleural effusion (MPE) were
enrolled consecutively. To be included, patients had to be
adults aged 18 and over, with cytologically or histologic-
ally confirmed malignant pleural effusion, and considered
suitable candidates for chemical pleurodesis. Patients
were excluded if they had a trapped lung, serious heart or
lung issues, a known allergy to bleomycin, bilateral pleural
effusions needing simultaneous treatment, or if they were
unwilling or unable to give informed consent.

All enrolled patients had a thorough clinical assessment
that included detailed history, physical examination, and
baseline laboratory tests. Imaging workup involved chest
X-rays and computed tomography (CT) scans to check for
pleural effusion, pleural thickening, nodularity, and lung
collapse. An intercostal chest tube (20 to 24 French) was
inserted under clean conditions in each patient and linked
to an underwater seal drainage system. The drainage was
monitored daily. Pleurodesis was considered once the
daily fluid output dropped to less than 100 ml and imaging
confirmed full lung re-expansion.

Before the pleurodesis procedure, all patients had
transthoracic ultrasonography (TUS) using a high-
frequency (7.5-10 MHz) linear probe by an experienced
radiologist. The main parameter assessed was the pleural
sliding sign, which is the gliding movement of the visceral
pleura against the parietal pleura during breathing. The
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presence of pleural sliding showed that the pleural layers
were not sticking together and confirmed that the patient
was ready for pleurodesis.

Chemical pleurodesis was performed using bleomycin as
the sclerosing agent. A total of 60 mg of bleomycin diluted
in 50 ml of normal saline was put into the pleural cavity
through the intercostal tube. After instillation, the chest
tube was clamped for one to two hours. During this time,
the patient was turned every 15 to 20 minutes to help
distribute the agent evenly. The tube was then unclamped
and reconnected to the underwater seal drainage system.
The intercostal drain was removed within 24 to 48 hours if
there was minimal output and no complications, such as
fever, chest pain, or breathing problems.

One month after the procedure, all patients were re-
evaluated in order to check the result of pleurodesis. The
follow-up evaluation included a transthoracic ultrasound
to assess the pleural sliding sign. The absence of any
sliding sign on ultrasound indicated that pleura was
adherent, and successful pleurodesis had taken place.
Further, follow-up chest x-ray will usually be done in
conjunction, or follow-up CT scan to check for any
residual or recurrent effusion, along with pleural
thickening and re-expansion of lung. All of them
(ultrasound, x-ray and CT) together can give an overall
evaluation of the outcome of pleurodesis.

The primary outcome measure for pleurodesis was
defined as: no recurrence of pleural effusion, no pleural

46.30%

= Males

Figure 1. Gender based distribution of study cases

sliding on ultrasound at follow-up, and no further pleural
procedure required within the one-month follow-up per-
iod. The secondary outcomes were: frequency of basal
sliding sign noted on ultrasound studies before and after
pleurodesis; and complications related to pleurodesis.
Data were entered and analyzed using SPSS version 26.0
(IBM Corp., Armonk, NY, USA). Continuous variables
were presented as means and standard deviations, while
categorical variables were summarized as frequencies
and percentages. The McNemar's test was used to
compare paired categorical data (presence versus
absence of the sliding sign before and after the
procedure). A p-value of less than 0.05 was considered
statistically significant.

The study received ethical approval (Ref. 101/KMC/2022-
10) from the institutional review board of KMC prior to
beginning. All participants gave informed written consent.

Results

The study included 54 patients with confirmed malignant
pleural effusion. The average age was 59.8 years, with a
range from 37 to 81 years. There were 29 males (53.7%)
and 25 females (46.3%) (Figure 1).

Most patients, 35 out of 54 (64.8%), reported chest pain,
and 30 patients (55.6%) had a chronic cough. Every
patient (100%) had dyspnea. Pleural nodules were found
in 42 patients (77.8%), and pleural adhesions were

Females
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Table 1. Ultrasound Findings Pre- and Post-Pleurodesis by Chest Region (n = 54)

Supra-mammary 54 (100) 9 (16.7) 45 (83.3) < 0.001*
Mammary 54 (100) 10 (18.5) 44 (81.5) < 0.001*
Infra-mammary 54 (100) 8(14.8) 46 (85.2) < 0.001*
Upper axillary 54 (100) 11 (20.4) 43 (79.6) < 0.001*
Lower axillary 50 (92.6) 10 (18.5) 40 (74.1) < 0.001*
Supra-scapular 54 (100) 12 (22.2) 42 (77.8) < 0.001*
Interscapular 54 (100) 11 (20.4) 43 (79.6) < 0.001*
Infrascapular 48 (88.9) 15 (27.8) 33 (61.1) < 0.001*

present in 9 patients (16.7%). The average body mass
index (BMI) was 23.2 kg/m?, with 20 patients (37.0%)
having a history of smoking. CT scans of the thorax
showed pleural effusion and lung collapse in all patients
(100%). For pleurodesis agents, bleomycin was used in
35 patients (64.8%), doxycycline in 12 patients (22.2%),
and tetracycline in 7 patients (13.0%). The most common
diagnosis was metastatic adenocarcinoma (40.7%),
followed by malignant mesothelioma (29.6%), lymphoma
(11.1%), squamous cell carcinoma (7.4%), and other
conditions (11.2%). Before pleurodesis, all patients
showed the pleural sliding sign on transthoracic
ultrasound in all areas of the chest wall. One month after

the procedure, there was a notable decrease in pleural
sliding across all areas. A total of 43 out of 54 patients
(79.6%) showed no sliding sign, indicating successful
pleurodesis. Conversely, 11 patients (20.4%) had
persistent sliding, indicating pleurodesis failure (P <
0.001).

In the mammary and supra-mammary areas, the pleural
sliding sign was absent in 44 patients, or 81.5%, after
pleurodesis. This shows that pleural symphysis was
effective in most cases. In the upper and lower axillary
regions, 42 patients, or 77.8%, also showed no sliding
sign after the procedure. This indicates a high success
rate of pleurodesis in these areas as well. In the back of

Table 2. Pleurodesis Outcome According to Histopathology and Agent Used

Bleomycin 29 (67.4%) 6 (54.5%) 0.64
Doxycycline 10 (23.3%) 2 (18.2%)
Tetracycline 4 (9.3%) 3 (27.3%)
Metastasis 18 (41.9%) 4 (36.4%) 0.71
Mesothelioma 12 (27.9%) 4 (36.4%)
Lymphoma 5(11.6%) 1(9.1%)
Squamous Cell Carcinoma 3 (7.0%) 1(9.1%)
Others 5 (11.6%) 1(9.1%)
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the chest, which includes the suprascapular, intersca-
pular, and infrascapular regions, 41 patients, or 75.9%,
had no pleural sliding, confirming effective pleural
adhesion. Additionally, mild pleural effusion was seen in
10 patients, or 18.5%, and moderate effusion in 3
patients, or 5.6%, in these posterior regions. This
suggests that a few cases had partial or incomplete
pleurodesis (Table 1; Figure 1).

Out of 54 patients, 43 (79.6%) had successful pleurod-
esis. This was confirmed by the absence of pleural sliding
on follow-up TUS and no signs of fluid reaccumulation on
chest X-ray and CT. Pleurodesis failed in 11 patients
(20.4%), all of whom showed the sliding sign and had
varying amounts of residual or recurrent pleural fluid.
Chest X-ray indicated moderate effusion in 12 patients
(22.2%) after the procedure, while CT scans confirmed
persistent pleural separation in 9 of these patients. There
was no significant difference in pleurodesis success
based on the type of sclerosant used (P = 0.64) or the
histopathological diagnosis (P = 0.71), as shown in Table
2. Thoracoscopic findings, such as pleural thickening,
nodularity, or adhesions, and the pre-procedural effusion
volumes were also not significantly different between the
successful and failed cases.

Following pleurodesis, regional thoracic ultrasound
showed a significant reduction in the pleural sliding sign
across all chest zones. In the mammary and supra-

Presence of pleural sliding
sig bdore pleurodesis

mammary areas, the sliding sign was absent in 44
patients (81.5%), confirming successful pleural adhesion.
Similarly, in the upper and lower axillary regions, 42
patients (77.8%) showed no pleural sliding, indicating
effective pleurodesis. Evaluation of the posterior zones,
including the suprascapular, interscapular, and infrasca-
pular areas, revealed an absence of the sliding sign in 41
patients (75.9%), further supporting positive results.
However, among these, 10 patients (18.5%) had mild
effusion, and 3 patients (5.6%) had moderate effusion,
suggesting partial or failed pleurodesis in a small number
of cases. Overall, 43 out of 54 patients (79.6%) achieved
successful pleurodesis, while 11 patients (20.4%)
experienced failure, as summarized in Figure 3.

Discussion

This prospective study assessed how well pleurodesis
worked in patients with malignant pleural effusion (MPE).
We used transthoracic ultrasonography (TUS), computed
tomography (CT), and chest X-rays. The lack of pleural
sliding on TUS served as the main indicator for successful
pleural fusion. Our findings showed that TUS is an
effective, non-invasive method to evaluate pleurodesis
results.

In our study, the average age of participants was 59.8
years, with a standard deviation of 11.3 years. There was

Absence of pleural sliding
after pleurodesis

Figure 2. Ultrasound Images Pre- and Post-Pleurodesis. A: Presence of pleural sliding sign before pleurodesis.

B: Absence of pleural sliding after pleurodesis.
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Figure 3. Overall Pleurodesis Outcome in Study Cohort

aslight male majority at 53.7%. This demographic pattern
matches other studies, like El Hadidy et al., who found a
mean age of 58.3 years with equal numbers of men and
women among MPE patients undergoing pleurodesis."
Similarly, Martinez-Moragon et al. reported a mean age of
60 years in their group,” while Zimmer et al. studied a
slightly older population with a mean age of 68 years.”
The higher rates of lung and breast cancer in MPE, along
with its common occurrence in older age groups, likely
account for the similarities across these studies.
Regarding clinical presentation, all patients reported
dyspnea, which is 100%. Chest pain occurred in 64.8% of
patients, and 55.6% experienced cough. These findings
show typical symptoms of MPE and match previous
studies. Tsai et al. found dyspnea in 95% of patients with
MPE." Penz et al. and Dixit et al. also noted chest disco-
mfort and cough in more than half of their patients.™

In our study, 77.8% of patients showed pleural nodularity
onimaging, and 16.7% had adhesions. These findings are
comparable with previous studies that identified pleural
nodules in 70-90% of patients with mesothelioma or
metastatic disease. El Hadidy et al. observed pleural
nodules in 93.4% of their cases,"’ Seddik et al. reported
nodularity in 82%,"” and El-Sayed et al. found pleural
nodules in 80% of their cohort."” The presence of
adhesions, though lower in our study, is also supported by
similar frequencies (10-20%) in the literature.

The most common histopathological finding in our study
was metastatic adenocarcinoma at 40.7%. This was
followed by malignant mesothelioma at 29.6%. Similar

results were seen in studies by Manu et al., who reported
metastasis in 61.9% of patients with malignant pleural
effusion.” Magdy and Hieba found adenocarcinoma in
65% of cases, with half of those cases originating from
the breast.”® Martinez-Moragon et al. also reported that
more than half of their patients had metastatic lung
adenocarcinoma.” These results support the idea that
most malignant pleural effusions come from metastatic
sources, particularly lung and breast cancers.

The main outcome indicator, the absence of pleural
sliding on ultrasound one month after pleurodesis, was
seenin 79.6% of patients in our study. This is similar to the
findings by Corcoran et al., who reported a pleurodesis
success rate of 78% using TUS,” and by Agmy et al., who
noted successful pleurodesis in 88% of their cases using
pleural sliding scores.” El Hadidy et al. also observed
successful pleurodesis in 71.4% of patients based on the
absence of the sliding sign."” These results support the
clinical use of the sliding sign in TUS as a trustworthy
marker for pleurodesis effectiveness. The consistent
results across studies highlight the diagnostic value of
transthoracic ultrasound as a bedside tool for evaluating
post-pleurodesis. Its non-invasive nature, real-time
assessment, and high sensitivity make it a preferred
method for tracking pleural adherence in cases of
malignant pleural effusion.

In the mammary and supra-mammary areas, 81.5% of
patients showed loss of pleural sliding. Seddik et al. also
reported a significant decrease in the sliding sign in these
areas after the procedure (P<0.001).” Agmy et al. pointed
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Figure 4. Pleurodesis outcome by region (n = 54)

out that the anterior thoracic zones are crucial for early
detection of successful pleural adhesion. de Boer et al.”
found that loss of the sliding sign in the anterior zones
related to the completion of pleurodesis after surgical
pleurectomy.” These findings support the idea that the
anterior chest zones are good indicators for early
detection of successful pleural symphysis. The repeated
loss of the sliding sign in these areas suggests they
should be prioritized in routine post-pleurodesis
ultrasound checks.

In the axillary regions, 77.8% of patients had no sliding
after pleurodesis. This finding is consistent with the
research by El Hadidy et al., which showed that axillary
areas had the highest rates of sliding sign disappea-
rance."" Similarly, Seddik et al. and de Boer et al. reported
significant changes in axillary ultrasound windows related
to pleurodesis, supporting our results."* The axillary
zones, because of their mobility and accessibility, seem to
be especially sensitive to pleural changes after pleuro-
desis. Their reliable results across studies further confirm
their importance as key ultrasound landmarks in post-
procedural evaluations.

In the posterior regions (suprascapular, interscapular, and
infrascapular), 75.9% of patients showed no pleural
sliding. Meanwhile, 18.5% demonstrated mild effusion,
and 5.6% showed moderate effusion. Our findings match
those of Seddik et al., who saw a notable reduction in
post-procedural effusion in posterior zones. "
Additionally, EI-Sayed et al. found that posterior regions

are good at detecting residual effusions with ultrasound.
Corcoran et al. pointed out that these zones can indicate
delayed or incomplete pleurodesis due to fluid buildup or
technical issues.”’ These observations suggest that
posterior regions may be important for spotting partial
pleurodesis or early effusion recurrence. Including these
areas in follow-up protocols could improve the detection
of subclinical failures and lead to timely re-intervention.
The overall pleurodesis success rate of 79.6% seen in this
study matches international data. For example, Martinez-
Moragon et al. reported an 80% success rate with
bleomycin,”” while Chang et al. found success rates of
93.7% with Viscum and 96.0% with talc. In contrast,
Agmy et al.”* reported a lower success rate of 52.3%.%
This difference may be due to variations in pleurodesis
techniques or the sclerosing agents used. This range in
success rates highlights how the choice of sclerosing
agent and the procedural technique impact pleurodesis
outcomes. Standardizing protocols and agent selection
may help improve consistency and overall effectiveness
in various clinical settings.

There were no significant differences in pleurodesis
outcomes among the different sclerosing agents used in
our study. Chang et al. found no difference in outcomes
between talc and Viscum pleurodesis (P=0.225),** and
Martinez-Moragon et al. reported similar success with
tetracycline and bleomycin.”” Walker-Renard et al. also
concluded that while talc may be slightly better, other
agents still yield satisfactory results.”” These findings
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indicate that choosing a sclerosing agent can be tailored
to the patient's tolerance, availability, and the clinician's
preference without compromising effectiveness. More
randomized trials could clarify minor differences in safety
and long-term outcomes among these agents.

Lastly, CT and chest radiography results in our group
matched ultrasound findings. At the one-month follow-
up, 79.6% of patients showed no return of effusion. These
findings align with those of EI-Sayed et al., who compared
CT and ultrasound for spotting effusions and found a
strong agreement between the two methods.™ Zablockis
et al. also showed that CT results add to ultrasound
information when evaluating the response to pleuro-
desis.” This agreement underscores the importance of
using different imaging methods for a thorough post-
pleurodesis assessment. While ultrasound is convenient
for bedside use, CT provides detailed anatomical
confirmation, especially in cases with unclear or
borderline results.

Conclusion

This study shows that transthoracic ultrasonography,
especially the assessment of the pleural sliding sign, is a
reliable, non-invasive, and effective way to evaluate the
success of pleurodesis in patients with malignant pleural
effusion. The absence of pleural sliding one month after
the procedure strongly links to radiologic signs of pleural
adhesion and clinical improvement. While computed
tomography and chest radiography provide useful
confirmation, ultrasound offers the benefit of real-time,
bedside monitoring without exposing patients to
radiation. The type of sclerosing agent used did not
significantly affect the pleurodesis outcomes, allowing for
flexibility in agent selection based on the clinical situation.
Overall, this study supports including thoracic ultrasound
in routine follow-up for pleurodesis, improving patient
care by enabling early detection of treatment success or
failure.
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