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Abstract

Background: Chemical pleurodesis is frequently indicated to relieve symptoms imposed by large/recurrent malignant
pleural effusion (MPE). Traditionally, a drain is left in the pleural space till the cessation of fluid accumulation before
pleurodesis. Chest ultrasound can detect an amount of pleural fluid as less as 50ml and can confirm apposition of the
pleural surfaces which is required for successful pleurodesis. This work assessed the efficiency and safety of ultrasound-
guided, single-session pleurodesis in cases with MPE.

Results: Seventeen of the patients completed a 2-month follow-up. The technique demonstrated a high success rate
(88.2%). The mean duration from the start of pleural drainage till pleurodesis was 1.65 ± 0.70 h ranging from 1 to 3 h. A
duration of 2.5 h or less was statistically proposed as a cutoff value not to exceed to predict success (sensitivity 100%,
specificity 100%). The mean time for total hospital stay related to pleurodesis was 9.88 ± 3.12 h (range 4–12 h). No
complications attributed to the procedure were recorded. Pleural Adherence Score and Absent Sliding Score (ASS) had
a highly statistically significant correlation (p value < 0.001).

Conclusions: An ultrasound-guided completion of the process of pleurodesis in a single session with a shorter
duration of pleural fluid drainage and shorter hospital stay (can be done on a day-care basis) is efficient, safe, and cost-
effective. This technique is strongly recommended to replace the traditional practice of keeping the indwelling pleural
drain for several days waiting for the cessation of pleural fluid reaccumulation. An ultrasound-derived ASS can be used
as early as day 1 and day 15 to confirm pleural adherence and to expect the outcome of pleurodesis.
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Background
Malignant pleural effusion is a common complication of
advanced stages of malignancies [1]. Large and/or recur-
rent effusion adds to morbidity, and prevention of re-
accumulation through pleurodesis improves the quality
of life of those patients.
The most important requirement for successful pleur-

odesis is the satisfactory apposition of the parietal and
visceral pleurae [2]. Traditionally, the pleural drain is left
in situ till a minimal pleural fluid of 50–100 ml is col-
lected over 24 h before pleurodesis is started. This

process usually takes several days, and this is confirmed
with serial chest X-rays.
Chest ultrasound is sensitive in detecting an amount

of pleural fluid as less as 50 ml and can confirm appos-
ition of the pleural surfaces [3]. In this work, we used
chest ultrasound to verify that pre-requisites of success-
ful pleurodesis are fulfilled and to accomplish the task in
a single session after complete drainage of pleural fluid
in cases with malignant pleural effusion.
The aim of this work was to assess the efficiency and

safety of ultrasound-guided, single-session pleurodesis in
cases with malignant pleural effusion.
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Methods
This study was a prospective observational study, con-
ducted in the Chest Department, Ain Shams University
Hospitals, during the period from June 2017 till March
2019 on 20 patients (15 females and 5 males) admitted
with malignant pleural effusion (MPE) and recom-
mended for pleurodesis.
The diagnosis of malignant pleural effusion is based

on the presence of malignant and/or atypical cells in the
pleural fluid within a clinical context impressive of ma-
lignant neoplastic disease.
The following are the exclusion criteria:

– Patients who refused to participate in the trial
– Patients with multiloculated effusion or previously

failed pleurodesis
– Patients with comorbidity that may affect the

process of pleurodesis, e.g., receiving NSAIDs,
hepatic insufficiency

The study was approved by the Ethical Committee
Board of Ain Shams University and in accordance with
the Declaration of Helsinki.
After an informed verbal consent from all enrolled pa-

tients, all were subjected to the following:

1. Clinical assessment
2. Radiological assessment: CXR and/or chest CT

whichever available
3. Complete blood count (CBC), liver and kidney

function tests, total protein, serum albumin, and C-
reactive protein (CRP)

4. Revision of cytopathological results of pleural fluid/
biopsy

5. Ultrasonographic assessment: The assessment was
done using Mindray DP-1100 Shanghai, China, in
Ain Shams diagnostic ultrasound unit. All cases
were examined by B mode and M mode with curvi-
linear transducer (3.5 MHz) to assess the presence
of the sliding sign, the amount of pleural fluid, and
the presence of any loculations before the insertion
of a pigtail. While the patient was sitting with arms
extended and resting on a firm surface that is just
below the level of the shoulders, all anatomical
areas of the affected side of the lung were examined:
anterior—infraclavicular, mammary, inframammary,
and upper axillary and lower axillary; back—-
suprascapular, interscapular, and infrascapular.

6. Pigtail insertion and fluid drainage were done under
sonographic guidance. As much fluid as possible
(maximum 1.5 l/h) was drained each time unless
there is a contraindication to continue as regards
patient hemodynamics or development of
complications such as persistent cough, chest

discomfort, or vasovagal attack. Repeated drainage
every 1 h was done till complete drainage followed
by aspiration of any remaining fluid as documented
by US.

7. Pleurodesis: Injection of 30 ml of 2% lidocaine
into the pleural space through the pigtail
followed by injection of doxycycline. An oral
form of doxycycline was used, at a dose of 10
mg/kg body weight. The particles of doxycycline
capsules were evacuated under complete aseptic
technique in a container, then dissolved in 30 ml
normal saline and instilled through the pigtail,
followed by 20 ml of normal saline to clean the
pigtail and to push all dissolved doxycycline to
the pleural space.

8. The pigtail was then clamped for 2 h.
9. The pleural cavity was reassessed by US with

aspiration of remaining fluid, and the pigtail was
removed.

10. Pleural Adherence Score (PAS) on day 1 was
recorded: Pleural Adherence Score was scored in
nine zones (upper, middle, and lower zones in the
anterior, lateral, and posterior chest wall) across the
affected hemithorax in real-time ultrasonography as
present (= 0), questionable (= 1), or absent (= 2),
generating a total Pleural Adherence Score of 18 for
the hemithorax [4].

11. Reassessment by ultrasound 15 days after
pleurodesis: Recording of absence/presence of
sliding sign in the 9 standard points as (A, B, C):
A—absent sliding in more than 6 areas; B—absent
in 6 areas to more than 3 areas; C—absent in 3
areas or less generating a newer simpler Absent
Sliding Score (ASS) of 9 points for the hemithorax.

12. Re-evaluation by ultrasonography was done 2
months later for the recurrence of pleural effusion.

13. Documentation of the outcome as regards the
amount of fluid drained, pleurodesis failure (fluid
recurrence in the ipsilateral hemithorax requiring
another therapeutic pleural intervention with
radiological evidence by chest US or fluid
recurrence at any point during follow-up) [4],
development of complications, and total hospital
stay related to the procedure.

Data analysis was done using the computer program
SPSS (Statistical Package for the Social Science; SPSS
Inc., Chicago, IL, USA) release 15 for Microsoft Win-
dows (2006). Qualitative variables were presented as
the percentage, and quantitative variables were pre-
sented as mean ± SD. Student’s t test and Pearson’s
correlation coefficient were used as the test of signifi-
cance; p value less than 0.05 was considered as
significant.
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Results
This was a prospective study that included 20 patients
with the diagnosis of malignant pleural effusion, 15
(75%) females and 5 (25%) males, 57 ± 17 years old
(range, 25–88 years old). One patient expired early in
the first 24 h of admission with massive pulmonary em-
bolism, another one died lately, and one was missed
from a 2-month follow-up. Seventeen patients com-
pleted till 2 months of follow-up and were included in
the analysis of the results. The clinical and cytopatholo-
gical features of them are shown in Table 1.
In this study, pleural fluid of 2815 ± 881.55 ml was

drained over a period of 1.65 ± 0.70 h ranging from 1 to
3 h before pleurodesis. Th volume of pleural fluid 2 h
after pleurodesis as assessed by ultrasound was 33.25 ±
23.64 ml. Pleural Adherence Score (PAS) 24 h after
pleurodesis was 13.37 ± 2.87. Two weeks after, pleurod-
esis Absent Sliding Score (ASS) classified as A and B
was 52.6% and 42.1%, respectively (Table 2).
In this study, the primary outcome was the success of

pleurodesis as judged by no reaccumulation (76.5%) or
minimal encystation (11.7%) of pleural fluid after 2
months, and secondary outcomes were the occurrence
of no complications related to the process of rapid
pleural fluid drainage and the duration of hospital stay
related to the procedure (Table 3). The mean time for
total hospital stay related to pleurodesis was 9.88 ± 3.12
h (ranging from 4 to 12 h). This time included the time
needed for preparation, performance of the procedure,
and time for observation for complications/discomfort
after the procedure.
In this study, the shorter the duration of pleural fluid

drainage, the highly significant the increase in pleurod-
esis success, in cases with pleural fluid drained over a
shorter duration compared to those with longer duration
(1.47 ± 0.52 versus 3.00 ± 0.00, respectively, p value
0.001) (Table 4).

Pleural Adherence Score was higher in those with suc-
cessful pleurodesis compared to 2 cases with failed
pleurodesis, but this did not reach a statistically signifi-
cant difference (p value 0.08) (Table 4).
In this work, to assess the validity of the duration of

pleural fluid drainage for prediction of pleurodesis suc-
cess, the area under the receiver operating characteristic
(ROC) curve for the duration spent in pleural fluid
drainage in hours was 1.0. A duration of 2.5 h or less
was statistically proposed as a cutoff value not to exceed
for successful pleurodesis (sensitivity 100%, specificity
100%) (Fig. 1).
In this study, there was a highly significant correlation

between the Pleural Adherence Score (PAS) after 24 h
and Absent Sliding Score (ASS) after 2 weeks (p value <
0.001) (Table 5).
In this work, to assess the validity of the Pleural Ad-

herence Score after 24 h from pleurodesis for prediction
of pleurodesis success, the area under the receiver oper-
ating characteristic (ROC) curve for total Pleural Adher-
ence Scores after 24 h was 0.883. A total Pleural
Adherence Score of 11 or more after 24 h from pleurod-
esis (sensitivity 93%, specificity50%) (Fig. 2) was statisti-
cally proposed as a cutoff value for pigtail removal and
expected successful pleurodesis.
In this study, there was a statistically significant correl-

ation between duration needed for pleural fluid drainage
in hours and the total hospital stay in hours (p value
0.0039). Though this seems a logic correlation, it also in-
dicates the value of the shortened duration of pleural
fluid drainage.

Discussion
Malignant pleural effusion (MPE) is a very common
problem [5], and with old age and more patients with
metastatic tumors surviving a long time, the number of
cases will continue to rise in the future [6]. Most pa-
tients requiring therapeutic drainage for symptomatic re-
lief and patients with recurrent MPE are managed with
chemical pleurodesis with different sclerosant [7].
The usual procedure of pleurodesis entails hospitalization,

insertion of a pleural drain, and waiting for cessation of
pleural fluid accumulation till 50–100ml/24 h, a process
which may extend for days. Studies in animals and humans
showed that thoracic ultrasound can detect pleural adhe-
sions and absent normal sliding after pleurodesis with differ-
ent sclerosant [4, 8–10]. In this work, we demonstrated that
the completion of the process of pleurodesis (complete as-
piration of pleural fluid to ensure apposition of visceral and
parietal pleurae followed by instillation of sclerosant) in one
session guided by chest ultrasonography is effective, safe,
and cost-effective.
This was a prospective observational study, conducted

in the Chest Department, Ain Shams University

Table 1 Clinical and cytopathological features of the studied
cases

No. (%)

Side of pleural effusion Right 9 (52.9%)

Left 8 (47%)

Pleural fluid cytology Metastatic adenocarcinoma 11 (64.7%)

Exudative with atypical cells 4 (23.5%)

Mesothelioma 2 (10%)

Primary neoplasm Breast 8 (47%)

Lung 4 (23.5%)

Blood 2 (10%)

Pleura 2 (10%)

Larynx 1 (5%)
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Hospitals, on 20 patients who were admitted with malig-
nant pleural effusion (MPE) legible for pleurodesis; 15
(75%) females and 5 (25%) males, 57 ± 17 years old
(range, 25–88 years old). Only 17 patients completed till
2 months of follow-up and were included in the analysis.
In this study, metastatic adenocarcinoma (65%) was

the most common cause of MPE, mostly of breast origin
(50%) in concordance with previous recent and old stud-
ies [7, 11, 12].
The rate of success of pleurodesis 2 months after the

procedure was 88.2%; complete success with no reaccu-
mulation of pleural fluid in 76.5% of the cases, and a
minimally encysted collection in 11.7% [part of the right
lower axillary area in one patient and part of the right
infrascapular area in the other] which was considered as
a satisfactory success (Table 3).
In this study, the success of pleurodesis was evaluated

by three methods. The first was done on day 1 by calcu-
lating the previously described PAS. The second was 2
weeks after the procedure by ultrasonographic assess-
ment of pleural sliding (ASS) aiming to simplify the pre-
viously mentioned PAS: A (absent sliding in more than
6 areas) was present in 52.6%, B (absent sliding in 4 to 6
areas) was present in 42.1%, and C (absent sliding in 3
or less areas) was present in 5.3% of cases. The last one
was the traditional one with radiographic assessment for
the ipsilateral reaccumulation of pleural fluid. This was
done using chest ultrasonography 2 months after the
procedure.
In this work, a highly significant correlation was found

between these grades of absent sliding (A, B) after 2
weeks and PAS (p value < 0.001) (Table 5). With the

increase in PAS, there was an increase in the absent slid-
ing grade. This is really expected as both are indicating
pleural adhesions. So, this grade can be used to replace
PAS as a more simplified score. Ultrasonographic evalu-
ation of absent sliding sign as an indicator of the success
of pleurodesis has two advantages: firstly, earlier evalu-
ation of the outcome and, secondly, direct confirmation
of the effect of the instilled sclerosant, namely pleural
adhesion. The validity of this method was reported in
previous studies [4, 8, 13, 14].
A non-significant correlation, however, was found in

the current study between the outcome of pleurodesis
and this Absent Sliding Score (p value 0.15). This is re-
lated to the small number of failed pleurodesis in the
studied population.
The rate of success was higher than that reported in

other studies which used tetracyclin as a sclerosant. In
Tettey et al., the success rate was 61%, there was recur-
rence with loculation in 16% of the cases, and 23% of pa-
tients had unsuccessful and significant reaccumulation
of pleural fluid [12]. Our study results were also non-
comparable that of Mourad et al. who used tetracycline
pleurodesis with a success rate of 60% [15]. Others
showed success rates of 76% [1] and 80% [16]. The latter
was carried on a smaller number of patients, 10 patients,
and provided no information about the duration of
keeping the pleural drain in situ. The higher success rate
in the current study is attributed to the technique of
pleurodesis used which ascertained almost complete
evacuation of the pleural space with good apposition of
the pleural surfaces before the instillation of the sclero-
sant agent and the short duration of the procedure

Table 2 Ultrasonographic findings of the pleural fluid and the pleura before and after pleurodesis

Range Mean ± SD

Amount of fluid drained (ml) 2000–5500 2815 ± 881.55

Duration of drainage (h) 1–3 1.65 ± 0.70

Estimated volume of pleural fluid (with US) 2 h after pleurodesis (ml) 0–100 33.25 ± 23.64

*PAS 24 h after pleurodesis 5–17 13.37 ± 2.87

N (%)

**ASS 2 weeks after pleurodesis A 10 (58.8%)

B 7 (41.2%)

*PAS Pleural Adherence Score: Pleural Adherence Score was scored in nine zones (upper, middle, and lower zones in the anterior, lateral, and posterior chest wall)
across the affected hemithorax in real-time as present (= 0), questionable (= 1), or absent (= 2)
**ASS Absent Sliding Score: 2 weeks after pleurodesis—A (absent in more than 6 areas) and B (absent in 4 to 6 areas)

Table 3 Outcome of single session pleurodesis

No reaccumulation of pleural fluid after 2 months, N (%) 13 (76.5%)

Minimal loculated pleural fluid collection after 2 months, N (%) 2 (11.7%)

Hospital stay related to pleurodesis (h), mean ± SD 9.88 ± 3.12

Complications related to the procedure Nil
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which would avoid mesothelial irritation occurring with
the presence of the drain in the pleural space for a pro-
longed time. Activation of the pleural mesothelial cells
by malignant cells, bacteria, and chemokines mediated
activation results in increased capillary permeability and
formation of pleural fluid [17].
One advantage of the single-session technique used in

the current study was to shorten the duration of pleural
fluid aspiration and to remove the pigtail as rapidly as

possible to avoid further mesothelial irritation especially
by bacteria with prolonged pigtail insertion. No other
studies considered the impact of duration of pleural fluid
drainage on pleurodesis outcome. In this study, drainage
of 2815 ± 881.55 ml of pleural fluid was done over a
range of 1 to 3 h (1.65 ± 0.70 h) depending on the clin-
ical state of each patient.
In this study, there was no significant correlation be-

tween the outcome of pleurodesis and the amount of the

Table 4 Factors affecting the outcome

Outcome after 2 months t* p value

Success, mean ± SD Failure, mean SD

Pleural Adherence Score after 24 h 14.27 ± 2.02 11.50 ± 0.71 1.88 0.08 NS

Residual pleural fluid 2 h after pleurodesis (ml) 33.33 ± 16.76 32.50 ± 3.54 0.07 0.95 NS

Duration of drainage (h) 1.47 ± 0.52 3.00 ± 0.00 − 4.083 0.001 HS

Total hospital stay related to the procedure (h) 9.60 ± 3.22 12.00 ± 0.00 − 1.023 0.322 NS

N % N % FE** p value

***ASS A 10 100.0 0 0.0 3.24 0.15 NS

B 5 71.4 2 28.6

NS non-significant, HS Highly significant
*Student’s t test
**Fisher exact test
***Absent Sliding Score 2 weeks after pleurodesis: A (absent in more than 6 areas) and B (absent in 4 to 6 areas)

Fig. 1 ROC curve and coordinates for the best cutoff duration of pleural fluid aspiration till pleurodesis.
*The shown hour was proposed for predicting pleurodesis success in our patient series. ROC, receiver operating characteristic; AUC, area under the curve
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pleural fluid drained, but there was a highly significant
correlation with the duration of fluid drainage (p value
0.001) (Table 4). No previous data were found about
how the duration of pleural fluid aspiration could affect
the outcome of pleurodesis. In the current study, a dur-
ation of 2.5 h or less was statistically proposed as a cutoff
value not to exceed for successful pleurodesis with sensi-
tivity of 100% and specificity of 100% (Fig. 1).
In this work, 2 h after pleurodesis and before pigtail

removal, ultrasonographically detectable residual pleural
fluid was actively aspirated. An average amount of 33.25
± 23.64 ml was drained. This amount of pleural fluid did
not significantly affect the outcome as no significant dif-
ference was found between cases of successful and failed
pleurodesis 33.33 ± 16.76 versus 32.50 ± 3.54, respect-
ively (p value 0.95).

Corcoran and colleagues innovated an ultrasound-
derived Pleural Adherence Score (PAS) to facilitate the
early prediction of long-term outcomes after chemical
pleurodesis using talc pleurodesis in MPE. They found
that there was a significant difference between the mean
total Pleural Adherence Score at day 1 for patients with
successful and failed pleurodesis 13.36 versus 6.75, re-
spectively, with a p value of 0.0023. A total Pleural Ad-
herence Score of 10 or more at day1 (sensitivity 82%,
specificity 91%) was used as the cutoff for hypothetical
pleurodesis success after chest tube removal [4]. The au-
thors recommended further research to validate the
results.
In our study, PAS 24 h after pleurodesis was ranging

from 5 to 17 with a mean 13.37. PAS was higher in those
with successful pleurodesis than the 2 cases who experi-
enced reaccumulation of pleural fluid, but this did not
reach a statistically significant difference 14.27 versus
11.50 (p value 0.08) (Table 4). This can be explained by
the small number of failed pleurodesis in the study
population which played an important role in this statis-
tically non-significant relation. A total Pleural Adherence
Score of 11 or more after 24 h from pleurodesis (sensi-
tivity 93%, specificity 50%) (Fig. 2) was statistically pro-
posed as a cutoff value for pigtail removal and expected
successful pleurodesis.

Table 5 Relation between Pleural Adherence Score (PAS) after
24 h and Absent Sliding Score (ASS) after 2 weeks

PAS after 24 h F* p value

Mean SD

**ASS after 2 weeks A 15.50 1.08 174.40 < 0.001 HS

B 11.75 0.46

*One-way ANOVA test
**ASS Absent Sliding Score: A (absent sliding in more than 6 areas) and B
(absent sliding in 4 to 6 areas)

Fig. 2 ROC curve and coordinates for Pleural Adherence Score after 24 h.
*The shown number was proposed for detecting pleurodesis success using thoracic ultrasound. ROC, receiver operating characteristic; AUC, area
under the curve
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An important positive outcome in this study was the
mean time of hospital stay related to the procedure
which was 9.88 ± 3.12 h. This time included the time
needed for the preparation for, the performance of the
procedure, and the time needed for the observation for
complications/discomfort after the procedure. This
shortened total hospital stay was due to the intended
rapid complete pleural drainage and pleurodesis. This
technique definitely offers a greatly cost-effective out-
come compared to the traditional procedure.
This study had some limitations; the small number of

studied population and blinded assessors may be needed
to strengthen the work and give no chance to bias.
Wide-scale implementation of the technique on a larger
number of patients and longer follow-up periods are rec-
ommended to validate the efficiency of single-session
pleurodesis.

Conclusion
An ultrasound-guided completion of the process of
pleurodesis in a single session with shorter duration of
pleural fluid drainage and shorter hospital stay (can be
done on a day-care basis) is efficient, safe, and cost-
effective. This technique is strongly recommended to re-
place the traditional practice of keeping the indwelling
pleural drain for several days waiting for the cessation of
pleural fluid reaccumulation. An ultrasound-derived Ab-
sent Sliding Score can be used as early as day 1 and day
15 to confirm pleural adherence and to expect the out-
come of pleurodesis.

Abbreviations
MPE: Malignant pleural effusion; PAS: Pleural Adherence Score; ASS: Absent
Sliding Score
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