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ABSTRACT
Introduction: Pathophysiology changes associated with pleural effusion, its drainage and factors governing
symptom response are poorly understood. Our objective was to determine: 1) the effect of pleural effusion
(and its drainage) on cardiorespiratory, functional and diaphragmatic parameters; and 2) the proportion as
well as characteristics of patients with breathlessness relief post-drainage.
Methods: Prospectively enrolled patients with symptomatic pleural effusions were assessed at both pre-
therapeutic drainage and at 24–36 h post-therapeutic drainage.
Results: 145 participants completed pre-drainage and post-drainage tests; 93% had effusions ⩾25% of
hemithorax. The median volume drained was 1.68 L. Breathlessness scores improved post-drainage (mean
visual analogue scale (VAS) score by 28.0±24 mm; dyspnoea-12 (D12) score by 10.5±8.8; resting Borg score
before 6-min walk test (6-MWT) by 0.6±1.7; all p<0.0001). The 6-min walk distance (6-MWD) increased by
29.7±73.5 m, p<0.0001. Improvements in vital signs and spirometry were modest (forced expiratory volume in
1 s (FEV1) by 0.22 L, 95% CI 0.18–0.27; forced vital capacity (FVC) by 0.30 L, 95% CI 0.24–0.37). The
ipsilateral hemi-diaphragm was flattened/everted in 50% of participants pre-drainage and 48% of participants
exhibited paradoxical or no diaphragmatic movement. Post-drainage, hemi-diaphragm shape and movement
were normal in 94% and 73% of participants, respectively. Drainage provided meaningful breathlessness relief
(VAS score improved ⩾14 mm) in 73% of participants irrespective of whether the lung expanded (mean
difference 0.14, 95% CI 10.02–0.29; p=0.13). Multivariate analyses found that breathlessness relief was
associated with significant breathlessness pre-drainage (odds ratio (OR) 5.83 per standard deviation (SD)
decrease), baseline abnormal/paralyzed/paradoxical diaphragm movement (OR 4.37), benign aetiology (OR
3.39), higher pleural pH (OR per SD increase 1.92) and higher serum albumin level (OR per SD increase 1.73).
Conclusions: Breathlessness and exercise tolerance improved in most patients with only a small mean
improvement in spirometry and no change in oxygenation. Breathlessness improvement was similar in
participants with and without trapped lung. Abnormal hemi-diaphragm shape and movement were
independently associated with relief of breathlessness post-drainage.
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Introduction
Pleural effusion affects an estimated 24 million people annually worldwide [1]. Breathlessness is the most
common presenting symptom and is often disabling and requires invasive drainage procedures [2]. The
pathophysiologic mechanism(s) of breathlessness associated with pleural effusion are complex,
multifactorial and poorly understood. Several small studies [3–5] show that improvements in lung function
following drainage of effusions are modest and correlate poorly with the volume drained and changes in
breathlessness. This suggests that loss of lung volume is an unlikely basis for breathlessness in patients
with pleural effusion. However, there is only limited information on the effect of pleural effusions and
pleural drainage on cardiorespiratory physiology [6–12], breathing mechanics (including diaphragmatic
function) [13–16] and clinical outcomes. Our previous review confirmed that most published studies are
small (n<35) and are focused on specific patient subgroups, and on particular aetiological factor(s) in
isolation [17].

Drainage of pleural fluid is performed every day globally to relieve breathlessness. However, the severity of
breathlessness at baseline often correlates poorly with the size of the effusion before drainage [18];
conversely, symptom reduction from fluid drainage varies [3–5]. The recent validation of a visual analogue
scale (VAS) [19] to quantify breathlessness in patients with pleural effusion allows us to establish if a
patient has a clinically meaningful improvement after fluid drainage and thus may guide patient selection.

The PLeural Effusion And Symptom Evaluation (PLEASE) study was the largest and most comprehensive
to date and aimed to provide: 1) prospectively-captured data on the effect of pleural effusion (and its
drainage) on cardiorespiratory, functional, radiographic and diaphragmatic parameters from an unbiased
cross-sectional cohort of patients with a moderate to large effusion that required drainage; 2) data on the
proportion of patients who have improvement in breathlessness from fluid drainage while exploring
parameters that may predict response.

Methods
The study is a prospective single centre study where a centralised pleural service serves all (medical and
surgical) specialties. The protocol has been published [20] and is summarised below. This study has been
approved by the Sir Charles Gairdner and Osborne Park Group ethics committee (2014-079) and
registered at the Australian New Zealand Clinical Trial Registry (ACTRN12616000820404). All
participants gave signed informed consent.

Participants
All patients with a symptomatic pleural effusion requiring therapeutic pleural drainage as part of their
clinical management, as decided by the treating physician, were identified as potential study participants.
Patients requiring diagnostic (small volume) aspiration were not included. Exclusion criteria included age
<18 years, pregnancy or lactation, requiring urgent pleural drainage before pre-drainage assessment could
be completed, unable to perform two or more of the pre-drainage assessment tests, or unable to comply
with the protocol. It was intended that all participants would have assessment of breathlessness and that
spirometry, a 6-min walk test (6-MWT) and thoracic ultrasound would be administered.

Study measurements
Baseline demographics, smoking status, comorbidities (especially cardiopulmonary diseases) and Eastern
Cooperative Oncology Group (ECOG) performance status were recorded. Chest radiography and baseline
blood tests were performed as part of routine workup before pleural intervention. Pre-drainage
measurements included patient-reported scores of breathlessness, vital signs (heart rate, respiratory rate
and oxygen saturation), spirometry, 6-MWT and bedside ultrasonography to document the diaphragm
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shape and movement. Three validated patient-reported breathlessness scores were employed: the VAS
[19, 21], the dyspnoea-12 (D12) questionnaire [22–24] and the modified Borg 0–10 scale [25].

The VAS score is a validated measure of breathlessness in malignant pleural effusions [19] and has been
used in studies of pleural drainage [26–29]. In this study, a standard script was used to explain to all
participants how to mark the 100 mm vertical scale, as follows “To enable you to best describe how good
or bad your shortness of breath is on a given day we have drawn a scale on which the best state you can
imagine is marked 100 and the worst you can imagine is marked 0”. The minimal clinically important
difference (MCID) was set at 14 mm, the lower limit of the 95% confidence interval (CI) of the
MCID [19].

The D12 questionnaire assesses severity of breathlessness [24] with seven questions on physical
components and five on affective components, each scored from zero to three. A maximum score of
36 points indicates the severest level of breathlessness. It was developed in people with chronic lung
diseases and chronic heart failure [24], and validated in chronic obstructive pulmonary disease (COPD),
asthma, lung fibrosis and pulmonary arterial hypertension (PAH) cohorts [22–24, 30].

The modified Borg 0–10 scale was used to assess breathlessness before the 6-MWT and the peak level of
breathlessness during it [25]. If the patient required oxygen in the pre-drainage 6-MWT, supplementary
oxygen at the same flow rate was provided for the post-drainage test. The 6-MWTs were performed by
trained operators following international guidelines [31].

Spirometry was performed following the American Thoracic Society (ATS) recommendations [32].

Diaphragm shape and movement were assessed in an upright position while seated and was performed
bilaterally (with the normal side being studied first) using bedside ultrasonography (Logiq-E, GE
Healthcare, Chicago, IL, USA). A curvilinear probe (2–5 MHz) was used to assess diaphragm shape and
movement. The ultrasound probe was applied vertically or in an oblique transverse plane in the intercostal
space, with acoustic coupling achieved using conventional gel between the transducer and the skin.
B-mode ultrasound was performed by placing the probe at the posterior chest/posterior axillary line to
assess diaphragmatic shape and movement. Shape was classified as normal (dome-shaped), flattened or
everted. Diaphragm movement was considered normal if it moved downwards on inspiration (and vice
versa), reduced when the amplitude of movement was lower than that of the contralateral
hemi-diaphragm, or abnormal (either absent or paradoxical movements). Reduced diaphragm movement
was assessed qualitatively by comparing it to the contralateral side. Measurements of each participant were
conducted by the same operator both pre-procedure and 24–36 h post-procedure with the same
ultrasound machine.

De-identified radiographs were assessed independently by a pulmonologist (R. Thomas) and a thoracic
radiologist (Y.J. Kuok) in random order and in one large pool to avoid bias. The size of effusions on chest
radiographs was graded as zero (no effusion), one (blunting of costophrenic angle), two (<25% but more
than blunting), three (25% but >50% of hemithorax), four (50–75% of hemithorax) or five (>75% of
hemithorax) as per LIGHT et al. [33]. Fluid loculations and/or mediastinal shift were recorded as “present”
or “absent”. Loculations were defined by any of the following: 1) fixed fluid in abnormal locations; 2) air–
fluid levels within the effusion; or 3) irregular scalloped appearance of the effusion contour [34]. The
mean scores of the assessors were rounded to the nearest grade. In order to reach an agreed score by
consensus, the two graders discussed any particular case if their initial scores differed by more than one
grade for effusion size or if classification of loculation and/or mediastinal shift differed. Trapped lung in
this study was defined as air or fluid in the pleural space occupying ⩾25% of the lateral chest wall on chest
radiograph post-procedure and/or if patient experienced chest pain and/or cough during pleural fluid
drainage [28].

Procedure
The type of pleural drainage was determined by the attending clinician. In participants with bilateral
pleural effusions, the side with the larger effusion size was drained and pre-drainage and post-drainage
tests were performed prior to any drainage of the contralateral effusion. The macroscopic appearance of
the fluid, the total volume drained and the fluid biochemistry (e.g. levels of protein, lactate dehydrogenase
(LDH) and pH) were recorded.

Post-drainage assessments
Prior studies showed that gas exchange, lung compliance and respiratory resistance could worsen in the first
few hours post-thoracentesis [6, 9, 35–37] and improvements were more consistent by 24 h [5, 8, 11, 38]. In
this study, breathlessness scores, spirometry, 6-MWT and diaphragm ultrasound were repeated between 24
and 36 h post-drainage. This also diminished the impact of pain from the procedure on assessments.
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Statistical methods
Data were analysed using the R-environment for statistical computing (www.r-project.org) [39] using
paired t-tests, estimated mean differences and 95% CIs where appropriate. Logistic regression was used to
determine which baseline factors were related to the response of a clinically important change in VAS
scores. Potential explanatory variables were considered from demographics, as well as clinical,
physiological and radiological variables, with univariate and multivariate odds ratios (ORs) and 95% CIs.
A separate set of analyses was carried out to examine which subsets of predictors of a clinically important
change in VAS scores were important baseline predictors. Logistic regression was used and sensitivities,
specificities, positive predictive values (PPVs) and negative predictive values (NPVs), along with
C statistics, were calculated for the best model within each subset of explanatory variables and overall (see
supplementary table E2). Model selection was carried out using backward Akaike’s information criteria
(AIC) and final models were determined by those models that minimised these criteria, such that only
significant variables were left in the final models.

Results
Over 22 months from February 2015, 150 participants were enrolled (figure 1). Five were unable to
perform post-drainage tests and their data were excluded from the final analyses. A small number of
participants were unable to complete the spirometry (pre-drainage (n=5), post-drainage (n=10)) or
6-MWT (pre-drainage (n=19), post-drainage (n=23)) due to a variety of reasons.

Demographics
The median age of participants was 69 years (interquartile range (IQR) 30–92 years) and 55% of
participants were male. The most common underlying causes of the effusions were malignancy (63%) and
cardiac failure (15%). In addition, 57% of patients had previously been treated by fluid drainage. The
effusion was right-sided in 51%, left-sided in 32% and bilateral in 17% of cases. Drainage was most
commonly performed via an intercostal chest tube (44%) and by needle aspiration (28%) (table 1). Most
of the participants (n=135) had a moderate-to-large effusion (grade 3 or above) on chest radiograph and
baseline mean VAS score was 43.7±21.0 mm before pleural fluid drainage (table 2).

Differences between pre- and post-drainage parameters
The median volume drained was 1.68 L (IQR 1.10–2.60 L). Drainage improved radiographic appearance.
Most participants (93%) had effusions of grades 3–5 pre-drainage whereas after drainage the majority
(84%) had grades of 0–2. Median (IQR) grade improved from grade 3 (3.0–4.0) at baseline to grade 2
(2.0–2.0) post-drainage (median difference −1.0, 95% CI −2.0 to −1.0; p<0.0001).

Breathlessness parameters
Drainage improved scores on all of the breathlessness instruments used (see table 2 and figure 2). Mean
VAS score for breathlessness improved from 43.7±21.0 mm at baseline to 71.6±17.7 mm post-drainage.
The estimated mean difference of 28.0 mm (95% CI 24.0–31.9), p<0.0001 was above the MCID cut-off of
14 mm [19].

The overall D12 score decreased from 19.2±9.7 to 8.6±7.3 post-drainage (estimated mean difference –10.5,
95% CI –12.0 to –9.0; p<0.0001). Improvements were observed in both components of D12: mean
reduction was 6.4 (95% CI 5.5–7.2) in the physical score and 4.2 (95% CI 3.5–4.9) in the affective score
(both p<0.0001).

FIGURE 1 Flow chart describing
screening and recruitment in the
trial. Three participants deteriorated
clinically prior to drainage being
performed and two declined/were
unable to perform any of the tests
post-drainage.

Screened
(n=206)

Excluded
Patient choice (n=23)
Pleural effusion predicted

to be <500 mL (n=11)
Urgent drainage required (n=9)
Unable to consent (n=9)
Out of hours (n=4)

Recruited
(n=150)

In analysis
(n=145)

Did not fully complete 
post-drainage tests (n=5)
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The mean modified Borg score at rest (before the 6-MWT) was 2.1±1.6 and this improved to 1.4±1.2, a
mean decrease of 0.6 (95% CI 0.3–0.9), p<0.0001. There was also a significant improvement in the mean
modified Borg score after exertion (after the 6-MWT) from 4.5±2.6 pre-drainage to 2.8±1.6 post-drainage,
a mean decrease of 1.6 (95% CI 1.3–2.0), p<0.0001. There was no significant correlation between change
in distance walked and change in modified Borg score pre-6-MWT and post-6-MWT (p=0.7630).

There was a negative association between change in VAS and D12 score (meaning the same direction of
change); however, no significant association was seen between change in VAS or D12 score with the Borg
score pre-6-MWT and post-6-MWT (see supplementary table E1).

Physiological parameters
Heart and respiratory rates showed modest decreases post-drainage that were of statistical but uncertain
clinical significance (table 2). The respiratory rate decreased from 20.4±2.9 to 18.2±2.3 breaths·min–1

(mean difference 2.2, 95% CI 1.7–2.8), p<0.0001. The heart rate decreased from 89.8±17.3 to 85.3±15.7
beats·min–1 (mean difference 4.5, 95% CI 2.3–6.6), p<0.0001. Oxygen saturation did not change
significantly and pre-drainage was 95.0±2.2% compared with a post-drainage value of 95.2±2.6% (p=0.29).

Functional capacity
The 6-min walk distance (6-MWD) improved significantly (table 2 and figure 2) from 233±147 m
pre-drainage to 263±161 m post-drainage. The mean increase of 29.7 m (95% CI 17.6–41.8) exceeds the
MCIDs used in many studies of lung diseases [40, 41].

TABLE 1 Patient demographics

Characteristics Patients

Subjects 145
Age years 67.3±11.9
Male 80 (55)
Comorbidities
Pulmonary 49 (34)
Cardiac 77 (44)
Renal 20 (14)
Hypoalbuminemia 17 (12)
Liver cirrhosis 10 (7)
Diabetes mellitus 28 (19)

Previous drainages 83 (57)
Aetiology of the pleural effusion
Malignant# 92 (63)
Mesothelioma 37
NSCLC (lung) 17
Breast 9
Ovarian/endometrial 9
Lymphoma 5

Benign¶ 53 (37)
Heart failure related 20

Side of pleural effusion
Right 74 (51)
Left 47 (32)
Bilateral 24 (17)

Procedure type
Intercostal catheter 61 (42)
Indwelling pleural catheter 41 (28)
Needle aspiration 40 (28)
Pleuroscopy 4 (3)

Volume of pleural fluid drained L 1.67 (1.10–2.60)
Trapped lung 31 (21)

Data are presented as n, mean±SD, n (%) or median (interquartile range). NSCLC: nonsmall cell lung
cancer. #: paramalignant (n=6), carcinoma of unknown origin (n=3), transitional cell carcinoma (n=1),
melanoma (n=1), small cell carcinoma (n=1), oesophageal carcinoma (n=1), colorectal carcinoma (n=1),
osteosarcoma (n=1); ¶: pleural infection (n=8), hepatic hydrothorax (n=6), pleuritis (n=4), aetiology not
defined (n=3), reactive effusion post-haemathorax (n=2), yellow nail syndrome (n=2), related to peritoneal
dialysate (n=1), pancreatitis (n=1), post-coronary artery bypass grafting effusion (n=1), chylothorax (n=2),
tuberculous effusion (n=1), post-lobectomy effusion (n=1), benign asbestos-related pleural effusion (n=1).
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TABLE 2 Breathlessness scores pre-drainage and post-drainage of pleural fluid

Pre-drainage Post-drainage Difference p-value

Breathlessness scores
VAS 43.7±21.0 71.6±17.7 28.0 (24.0–31.9) <0.0001
D12 (overall) 19.2±9.7 8.6±7.3 −10.5 (−12.0 to −9.1) <0.0001
D12 affective 6.5±4.7 2.3±3.3 −4.2 (−4.9 to −3.5) <0.0001
D12 physical 12.7±5.7 6.3±4.6 −6.4 (−7.2 to −5.5) <0.0001
Modified Borg (pre-6-MWT) 2.1±1.6 1.4±1.2 −0.6 (−0.9 to −0.3) <0.0001
Modified Borg (post-6-MWT) 4.5±2.6 2.8±1.6 –1.6 (−2.0 to −1.3) <0.0001

Functional capacity
6-MWD m 233±147 263±161 30 (18–42) <0.0001

Cardiorespiratory status
Heart rate beats·min–1 89.8±17.3 85.3±15.7 −4.5 (−6.6 to −2.3) <0.0001
Respiratory rate breaths·min–1 20.4±2.9 18.2±2.3 −2.2 (−2.8 to −1.7) <0.0001
SpO2

% 95.0±2.2 95.2±2.6 0.2 (−0.2 to 0.6) 0.29
Spirometry
FEV1 % predicted 43.9±15.3 52.2±16.9 8.2 (6.6–9.9) <0.0001
FVC % predicted 45.4±17.0 53.5±17.3 8.0 (6.2–9.9) <0.0001

Data are presented as mean±SD or mean difference (95% CI), unless otherwise stated. The spirometry
measures were based on the following participants: pre-drainage (n=140), post-drainage (n=135); the mean
difference was based on 133 participants. The 6-min walk test (6-MWT) was based on the following
participants: pre-drainage (n=126), post-drainage (n=122); the mean difference was based on 127
participants. The p-values were calculated using paired t-tests. VAS: visual analogue scale; D12:
dyspnoea-12; 6-MWD: 6-min walk distance; SpO2

: oxygen saturation measured by pulse oximetry; FEV1:
forced expiratory volume in 1 s; FVC: forced vital capacity.
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FIGURE 2 Comparisons of a) visual analogue scale (VAS) score; b) 6-min walk distance (6-MWD);
c) dyspnoea-12 (D12) affective score; and d) D12 physical score, both pre-drainage and post-drainage. The
p-values provided are calculated using paired t-tests.
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Lung function
Improvement in spirometry was disproportionately small relative to the volume of fluid removed. Forced
expiratory volume in 1 s (FEV1) increased by 0.22 L (8.2% (95% CI 6.6–9.9) of individual’s predicted
values) from 1.19±0.48 L to 1.43±0.55 L (p<0.001). Forced vital capacity (FVC) increased by 0.30 L (8.0%
(95% CI 6.2–9.9) of individual’s predicted values) from 1.64±0.69 L to 1.95±0.76 L (p<0.001) (table 2).

Diaphragm assessment
Pre-drainage, 50% of participants had flattened or everted ultrasonographic appearances to their ipsilateral
hemi-diaphragms (table 3). Post-drainage, most (94%) had a normal dome-shaped appearance of the
hemi-diaphragm. A significant proportion of participants had clinically meaningful improvement in
breathlessness scores post-drainage (figure 3), regardless of whether their diaphragm appeared normal,
everted or flattened in shape before drainage.

Movement of the ipsilateral hemi-diaphragm was normal in 31% of cases, reduced in 21% and abnormal
in 48% pre-drainage. Almost all participants (97%) with abnormal movement of the hemidiaphragm
pre-drainage had an improvement to normal (73%) or reduced (24%) movement post-drainage. Thirty
participants had reduced hemi-diaphragm movement at baseline and post-drainage 18 had normal
movement and 12 had persistently reduced movement (table 3). A significant proportion of participants
with reduced or abnormal diaphragm movement pre-drainage had clinically meaningful improvement in
breathlessness scores post-drainage (figure 4).

There was a significant association between diaphragm movement and appearance pre-drainage
(p<0.0001). The majority of participants with abnormal movement, no movement or paradoxical

TABLE 3 Change in diaphragmatic appearance and movement from pre-drainage to
post-drainage using bedside ultrasonography

Appearance pre-drainage Appearance post-drainage

Domed Flattened Everted Total

Domed 73 0 0 73
Flattened 45 4 0 49
Everted 23 0 0 23
Total 141 4 0 145

Movement pre-drainage Movement post-drainage

Normal Reduced Abnormal/no movement/
paradoxical

Total

Normal 40 5 0 45
Reduced 18 12 0 30
Abnormal/no movement/paradoxical 51 17 2 70
Total 109 34 2 145

FIGURE 3 Change in visual analogue
scale (VAS) by diaphragmatic appe-
arance pre-drainage. Percentages
given describe the proportion of
participants that had a change in
VAS of 14 mm or more. Everted

�V
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diaphragm movement had flattened (53%) or everted (30%) hemi-diaphragm shape pre-drainage. Most
participants (84%) with normal hemi-diaphragm movement had a domed-shaped hemi-diaphragm. The
majority of participants (77%) who returned to a domed-shaped hemi-diaphragm post-drainage had
normal diaphragmatic movement (table 4).

Symptom responders versus nonresponders
After drainage, 106 participants (73%) had clinically meaningful improvement in breathlessness (⩾14 mm
increase in VAS score) (figure 5) and were termed the “responders”. Of note, 26 out of 31 (84%) of those
with trapped lung responded versus 70% of those who did not have trapped lung (mean difference 0.14,
95% CI 10.02–0.29; p=0.13).

In the univariate analysis (table 5), the responders were significantly more breathless at baseline compared
with the nonresponders (OR 0.26, 95% CI 0.15–0.44; p<0.0001). In the multivariate analysis (table 5), more
severe breathlessness (lower VAS score) at baseline (OR 5.83 for each decrease in standard deviation (SD),
95% CI 3.05–11.16; p<0.0001), abnormal (absent or paradoxical) hemi-diaphragm movement pre-drainage
versus normal/reduced movement (OR 4.37, 95% CI 1.41–13.56; p=0.0106), a benign versus malignant
pleural effusion (OR 3.39, 95% CI 0.93–12.32; p=0.06), higher pleural fluid pH (OR for one SD increase
1.92, 95% CI 1.12–3.27; p=0.017), or higher serum albumin level (OR for one SD increase 1.73, 95% CI
1.01–2.95; p=0.044) were independently associated with significant improvement in breathlessness
post-drainage.

There was a trend towards having more responders in the higher effusion grade, which was not statistically
significant in the univariate and multivariate analysis in this particular study (70%, 71% and 83% of

FIGURE 4 Change in visual analogue
scale (VAS) by diaphragmatic
movement pre-drainage. Percentages
given describe the proportion of
participants that had a change in
VAS of 14 mm or more. Normal
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TABLE 4 Concordance between change in diaphragmatic movement and appearance from
pre-drainage to post-drainage using bedside ultrasonography

Movement pre-drainage Appearance pre-drainage

Domed Flattened Everted Total

Normal 38 5 2 45
Reduced 23 7 0 30
Abnormal/no movement/paradoxical 12 37 21 70
Total 73 49 23 145

Movement post-drainage Appearance post-drainage

Domed Flattened Everted Total

Normal 108 1 0 109
Reduced 31 3 0 34
Abnormal/no movement/paradoxical 2 0 0 2
Total 141 4 0 145
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responders for effusion grades 3, 4 and 5 respectively). In terms of prediction of participants who would
improve from pleural effusion drainage, all models were suboptimal (table 6 and figure 6). A model that
included all variables provided the best predictive measures on the whole, with sensitivity=0.82,
specificity=0.78, PPV=0.91, NPV=0.61 and area under the curve (AUC)=0.85 (table 6). The prediction
value was largely driven by the baseline VAS score, which by itself would provide similar predictive power
(sensitivity=0.87, specificity=0.61, PPV=0.86, NPV=0.63 and AUC=0.80). Results using 9 mm and 19 mm
cut-off values (see supplementary tables E3 and E4) or VAS as a continuous variable (see supplementary
table E5) are also presented. Overall the main results and interpretation remain unaffected.

Discussion
The PLEASE study provides the largest and most comprehensive prospective dataset to date on symptoms,
cardiorespiratory status, exercise capacity, radiographic and diaphragm features in an unselected cohort of
patients with moderate-to-large pleural effusions necessitating fluid evacuation. Drainage of the effusion
(median 1.68 L) significantly improved breathlessness across all three instruments used (as well as exercise
capacity) in the majority of participants. Reducing the space occupying or mass effect of pleural effusion
appears to be an important contributor to improved breathlessness, although the mechanism is unclear.
Lung volumes, heart rate and respiratory rate underwent only modest absolute changes after drainage,
whereas the ipsilateral diaphragm underwent more obvious changes in shape and movement, possibly due
to its more compressible/distortable nature. Abnormalities in diaphragm movement were common and
their presence, in addition to baseline level of breathlessness, were independent predictors of likelihood of
symptom relief after fluid drainage. These data help define the benefits clinicians/patients can expect from
pleural fluid drainage and provide hypothesis-generating information on potential mechanisms of
breathlessness in patients with pleural effusions.

Our findings help to clarify several misconceptions about the impact of pleural effusion. First, despite the
moderate-to-large effusions (grade 3 and above) and severity of breathlessness, pre-drainage vital signs
remained relatively unaffected, especially oxygen saturation (mean 95%), suggesting that hypoxaemia is not
the main driver of patients’ breathlessness. These parameters showed only modest improvement
post-drainage despite significant improvements in symptoms and 6-MWD. Clinicians should consider
searching for concurrent/alternative causes of hypoxaemia (if such exist) even in patients with a sizeable
effusion. Patients with breathlessness and a pleural effusion can have significant benefit (and should not
be denied drainage) even if their vital signs and oxygenation are normal. These observations support
suggestions that effusion-related breathlessness arises from alteration of respiratory mechanics and
increased effort of breathing [15, 16].

Secondly, we found that traditional teaching is over-simplistic in attributing the benefits of pleural
drainage to removal of extrinsic fluid compression (to allow lung expansion). Increases in spirometric lung
volumes were small and correlated poorly with volume of fluid drained and the improvement in
breathlessness. However, given the expected noise of measurement of lung volumes and VAS, it may be
difficult to demonstrate a significant correlation between these measurements even if there was a
mechanistic relationship. Nonetheless, our finding likely implies that lung compression was not the
principle mechanism by which the often litres of pleural fluid were accommodated within the thoracic cage.
It is likely that the thoracic cavity expands (akin to hyperinflation in COPD) to accommodate the
additional volume. This is further supported by the observation that breathlessness improved in a similar

FIGURE 5 Change in visual analogue
scale (VAS) from pre-drainage to
post-drainage. Red dots indicate
those participants who had an
increase of at least 14 mm.
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TABLE 5 Measure of responders (those participants with an increase in visual analogue scale (VAS) of ⩾14 mm) by each explanatory
variable, together with unadjusted and multivariable odds ratios (ORs) from logistic regression with response change in VAS (n=145)

Characteristic Responders/total Unadjusted OR Multivariable OR# p-value

Subjects n 106/145 135
Sex¶

Female 46/65 (71) 1
Male 60/80 (75) 1.24 (0.59–2.59)

Smoker¶

Yes 14/20 (70) 1
No 46/61 (75) 1.31 (0.43–4.03)
Ex-smoker/unknown 46/64 (72) 1.10 (0.36–3.29)

Previous drainage¶

Yes 60/83 (72) 1
No 46/62 (74) 1.10 (0.52–2.32)

Procedure type¶

Needle aspiration/thoracentesis 27/40 (68) 1
Intercostal catheter/pleuroscopy 46/64 (72) 1.23 (0.52–2.90)
Indwelling pleural catheter 33/41 (80) 1.99 (0.72–5.49)

Diagnosis
Malignant 68/92 (74) 1 1
Benign 38/53 (72) 0.89 (0.42–1.91) 3.39 (0.93–12.32) 0.06

Effusion grade¶

3 51/73 (70) 1
4 30/42 (71) 1.08 (0.47–2.49)
5 25/30 (83) 2.16 (0.73–6.37)

Side of effusion¶

Right 53/74 (72) 1
Left 33/47 (70) 0.93 (0.42–2.09)
Bilateral 20/24 (83) 1.98 (0.60–6.49)

Loculations¶

Yes 3/6 (50) 1
No 103/139 (74) 2.86 (0.55–14.82)

Mediastinal shift¶

No 85/117 (73) 1
Contralateral 21/28 (75) 1.13 (0.44–2.91)

Diaphragmatic appearance¶

Inverted 16/23 (70) 1
Flattened 39/49 (80) 1.71 (0.55–5.27)
Domed 51/73 (70) 1.01 (0.37–2.81)

Diaphragmatic movement
Normal/reduced 52/75 (69) 1 1
Abnormal/no movement/paradoxical 54/70 (77) 1.49 (0.71–3.14) 4.37 (1.41–13.56) 0.0106

ECOG score¶

0/1 43/62 (69) 1
2 32/40 (80) 1.77 (0.69–4.54)
3 31/43 (72) 1.14 (0.48–2.69)

Age years¶ 66.59±11.47 0.80 (0.54–1.17)
Total volume drained¶ mL 2134.29±1321.59 1.37 (0.90–2.10)
D12 affective score¶ 7.05±4.67 1.56 (1.06–2.31)
D12 physical score¶ 13.67±5.33 1.99 (1.34–2.96)
D12 total score¶ 20.71±9.26 1.87 (1.26–2.79)
Time since detection days¶ 80.18±188.43 0.64 (0.37–1.12)
FIO2

¶ % 0.24±0.06 1.07 (0.72–1.60)
Heart rate¶ beats·min–1 89.93±17.63 1.04 (0.72–1.50)
Respiratory rate¶ breaths·min–1 20.58±3.03 1.20 (0.82–1.75)
Serum albumin g·L–1 35.14±5.56 1.20 (0.83–1.73) 1.73 (1.01–2.95) 0.044
Serum Hb¶ g·L–1 121.8±23.46 1.09 (0.75–1.57)
SpO2

¶ % 95.07±2.21 1.13 (0.79–1.63)
pH 7.35±0.12 1.22 (0.84–1.77) 1.92 (1.12–3.27) 0.017
6-MWD¶ m 224±146 0.80 (0.55–1.16)

Continued
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proportion of patients with and without fully expandable lungs. Clinicians should not exclude patients
from therapeutic thoracentesis on the basis of “trapped” (non-expandable) lung.

Thirdly, our study established that downward displacement of the dome of the hemi-diaphragm was
common (resulting in its flattening/eversion), presumably to help accommodate the fluid. Reduced or
abnormal (even paradoxical) diaphragm movement was common and such changes could render the
diaphragm ineffective as a respiratory muscle. Drainage of the effusion improved diaphragm shape and
movement. Indeed, patients with abnormal diaphragm movement were more likely to achieve symptom
relief from drainage. In future, more sophisticated ways of assessing diaphragm function may help predict
response to pleural drainage.

Breathlessness on exertion, rather than at rest, is often the first complaint in patients with a pleural effusion.
In our study, the magnitude of functional impairment prior to drainage was similar to very severe stable
COPD patients and the 6-MWDs were similar to COPD patients hospitalised for acute exacebration [42].
The mean improvement post-drainage was 30 m in our cohort, which matches the commonly applied
MCID (25 m) in a COPD study [41]. Fluid drainage not only improved the 6-MWD but also the
post-drainage Borg scores both before and after the 6-MWT. Interestingly, improvements in 6-MWD did
not correlate with symptom improvement (VAS score), suggesting that other individual factors (e.g.
concurrent comorbidity) may have a role in determining benefits.

A sizeable percentage of patients (27%) did not experience meaningful improvement in breathlessness, a
finding similarly to that of PSALLIDAS et al. [29]. In our study, individuals who were very breathless and/or
had abnormal diaphragm movement at baseline were more likely to improve following drainage. However,
the predictive models developed were not sufficiently accurate to be applied clinically. This highlights that
breathlessness is a complex multifactorial process not easily predicted despite the comprehensive list of
radiographic, physiologic and diaphragmatic variables we captured. Nonetheless, our data indicated that
self-reported severity of breathlessness is a simple and useful guide for clinicians to decide on the need for
fluid removal, presumably because it encompasses other complex variables that we could not/did not
account for.

This study has limitations. First, it was conducted at a single centre with a centralised pleural service that
captures investigations of patients under all subspecialties and minimises selection bias. This is supported
by the fact that malignant and cardiac effusions formed the majority of the cohort, consistent with the
commonly cited distribution of pleural effusions by aetiology. Secondly, 57% of participants had prior
pleural fluid drainages and represented the “real-world” case mix. Amongst these, 23 out of 82 (28%) did
not have a clinically meaningful improvement in breathlessness (<14 mm decrease in VAS score).
The response rate was therefore similar in those with prior drainages and in the overall response rates. It is
therefore less likely that individuals benefiting from prior drainages inflated the response rate. Thirdly, the

TABLE 5 Continued

Characteristic Responders/total Unadjusted OR Multivariable OR# p-value

FEV1
¶ % predicted 42.65±14.40 0.75 (0.51–1.08)

FVC¶ % predicted 44.48±16.40 0.82 (0.57–1.19)
VAS mm 37.64±18.56 0.26 (0.15–0.44) 0.17 (0.09–0.33) <0.0001

Data are presented as n/n (%), mean±SD, or OR (95% CI), unless otherwise stated. In the univariate analysis for logistic regression analyses
comparing the responders and nonresponders, there was no difference in age, sex, diagnosis (whether malignant or benign), procedure type,
previous drainage, radiographic and diaphragmatic appearance, ECOG performance status, volume drained, 6-min walk distance (6-MWD),
serum albumin, or physiological and spirometric variables. The responders were significantly more breathless at baseline compared with the
nonresponders (OR 0.26, 95% CI 0.15–0.44; p<0.0001). In the multivariate analysis, baseline patient-reported breathlessness, diaphragm
movement on ultrasonography, diagnosis (malignant or benign) and pH of the pleural fluid, as well as blood albumin level, were all
independently associated with a significant improvement in breathlessness (increase in VAS score ⩾14 mm). Participants who reported more
severe breathlessness at baseline (lower VAS scores) were more likely to have a positive response (OR 5.83 for each decrease in SD, 95% CI
3.05–11.16; p<0.0001) as were those with abnormal (absent or paradoxical) hemi-diaphragm movement pre-drainage (OR 4.37, 95% CI 1.41–
13.56; p=0.0106) versus normal and reduced diaphragm movement and those who had a benign versus a malignant pleural effusion (OR 3.39,
95% CI 0.93–12.32; p=0.06). Participants were also more likely to have an improvement in breathlessness if they had higher pleural fluid pH at
baseline (OR for one SD increase 1.92, 95% CI 1.12–3.27; p=0.017) or higher serum albumin levels at baseline (OR for one SD increase 1.73, 95%
CI 1.01–2.95; p=0.044). All variables are baseline measures with the exception of volume drained. ORs for continuous variables are expressed
as ORs for a 1 SD increase in the variable. ECOG: Eastern Cooperative Oncology Group; D12: dyspnoea-12; FIO2

: inspiratory oxygen fraction; Hb:
haemoblobin; SpO2

: oxygen saturation measured by pulse oximetry; FEV1: forced expiratory volume in 1 s; FVC: forced vital capacity. #: model
selected by Akaike’s information criteria (AIC) considering all variables modelling event as response (change in VAS ⩾14 mm); ¶: not in the
final selected model.
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extensive nature of the post-test assessments precluded us from repeating the full investigations over a time
course to establish the time point of maximal benefit (currently unknown). Prior literature suggested that
there could be clinical deterioration in some physiological parameters in the first few hours post-drainage
and therefore performing the post-drainage tests at 24–36 h, though arbitrary, appeared sensible and
bypassed confounders such as pain/discomfort from the initial procedures [29]. We demonstrated that at
this time frame the majority of patients had good symptom reduction, a finding consistent across the three
breathlessness instruments used. Fourthly, diaphragm assessment using ultrasound was performed
qualitatively and more invasive measures of diaphragmatic function (e.g. trans-diaphragmatic pressure and
diaphragm electromyography) may have provided useful information but were impractical in view of the
number of other assessments in this study. Fifthly, depending on the clinical indications, not all patients

TABLE 6 Comparison of various subsets of baseline characteristics to determine which provide the best model for prediction of
change in visual analogue scale (VAS)

Model Subset Variables# AUC Specificity Sensitivity PPV NPV Likelihood ratio

Positive Negative

1 Pre-drainage VAS Pre-drainage VAS 0.80 0.61 0.87 0.86 0.63 2.23 0.21
2 All variables Diagnosis

Serum albumin
Diaphragm movement

pH
Pre-drainage VAS

0.85 0.78 0.82 0.91 0.61 3.73 0.23

3 Demographics None
4 Clinical outcomes Total volume drained mL

Time since detection days
0.62 0.56 0.61 0.79 0.34 1.39 0.70

5 Patient reported outcomes
Demographics

Pre-drainage VAS 0.80 0.61 0.87 0.86 0.63 2.23 0.21

6 Patient reported outcomes
(excluding pre-drainage VAS)

Demographics

D12 physical 0.68 0.67 0.59 0.83 0.37 1.79 0.61

7 Radiology Loculations 0.53 0.08 0.98 0.75 0.6 1.07 0.25
8 Physiology FEV1 % predicted 0.57 0.56 0.64 0.8 0.36 1.45 0.64
9 Physiology

Radiology
Loculations 0.53 0.08 0.98 0.746 0.60 1.07 0.25

10 Demographics
Clinical outcomes

Total volume drained mL
Time since detection days

0.62 0.56 0.61 0.79 0.34 1.39 0.7

11 Demographics
Clinical outcomes

Patient reported outcomes
(excluding pre-drainage VAS)

Total volume drained mL
Serum albumin

pH
D12 physical

0.75 0.72 0.70 0.87 0.46 2.5 0.42

12 Demographics
Clinical outcomes

Patient reported outcomes
(pre-drainage VAS, D12 and Borg)

Diagnosis
Total volume drained mL

Serum albumin
pH

Pre-drainage VAS

0.84 0.75 0.79 0.90 0.56 3.16 0.28

13 Demographics
Clinical outcomes

Physiology
Radiology

Loculations 0.53 0.08 0.98 0.746 0.60 1.07 0.25

14 All variables (except
pre-drainage VAS)

SpO2

Serum albumin
Total volume drained mL

pH
D12 physical

0.76 0.78 0.70 0.90 0.48 3.18 0.38

Models were fitted using logistic regression and a change of 14 mm or more as a positive response. A model that included all variables
provided the best predictive measures on the whole, with sensitivity=0.82, specificity=0.78, PPV=0.91, NPV=0.61 and AUC=0.85. However, all
models were suboptimal and many other models provided results close to this. The prediction value was largely driven by the baseline VAS
score, which by itself would provide similar predictive power (sensitivity=0.87, specificity=0.61, PPV=0.86, NPV=0.63 and AUC=0.80). All
variables were pre-drainage with the exception of total volume drained. A value of n=135 for complete cases for all variables was used in order
to compare between models. All variables considered in each of the 14 models are described in table E2. AUC: area under the curve; PPV:
positive predictive value; NPV: negative predictive value; D12: dyspnoea-12; FEV1: forced expiratory volume in 1 s; SpO2

: oxygen saturation
measured by pulse oximetry. #: as selected by Akaike’s information criteria (AIC).
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had complete drainage of their effusion. Nevertheless, a significant volume (median 1.68 L) was removed
and radiographically most of the patients (84%) had a post-drainage chest radiograph effusion grade of
0–2 only. Sixthly, the VAS is less repeatable when compared to the Borg score and may have a ceiling
effect that likely explains why greater breathlessness pre-drainage is associated with greater reduction in
breathlessness post-procedure. Reassuringly, two other instruments were used in our study and the
modified Borg and D12 scores were congruent with VAS in their directions of change post-drainage.
Seventhly, the determination of meaningful relief of breathlessness was based on an arbitrary level of
change in VAS. The purpose of the MCID established by MISHRA et al. [19] was to allow interpretation of
whether a statistically significant effect on change in breathlessness was clinically meaningful between
subjects in two randomised arms in a larger randomised controlled trial. It is uncertain if such an MCID
threshold can be used to define each participant having a clinically meaningful change in breathlessness in
order to justify a drainage procedure.

This study provides a platform for further investigations. In conclusion, drainage of pleural effusion
improves symptoms, functional capacity and spirometry. In addition it normalises diaphragm shape and
movement in the majority of participants. An underlying “trapped” (non-expandable) lung did not
preclude symptom benefits from drainage. Patient-reported level of breathlessness is the best predictor of
symptom benefit. Abnormal diaphragmatic function may be an important contributor to breathlessness in
patients with pleural effusion and should be a topic for future research.
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FIGURE 6 a) Receiver operating characteristic (ROC) curve for model 1 (pre-drainage visual analogue scale
(VAS) only) as the “best” predictive model. b) Demonstration of how pre-drainage VAS score changes
sensitivity and specificity. Lower values of pre-drainage VAS lead to higher specificity, while higher values of
pre-drainage VAS lead to higher sensitivity. AUC: area under the curve; PPV: positive predictive value; NPV:
negative predictive value.
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