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ABSTRACT
Background: In patients with recurrent pleural effusion, therapeutic thoracentesis is one way of 
relief. Correct prediction of which patients will experience relief following drainage may support the 
management of these patients. This study aimed to assess the association between ultrasound (US) 
characteristics and a relevant improvement in dyspnoea immediately following drainage.
Methods: In a prospective, observational study, patients with recurrent unilateral pleural effusion 
underwent US evaluation of effusion characteristics and diaphragm movement measured by M-mode 
and the Area method before and right after drainage. The level of dyspnoea was assessed using the 
modified Borg scale (MBS). A minimal important improvement in dyspnoea was defined as delta MBS ≥ 1.
Results: In the 104 patients included, 53% had a minimal important improvement in dyspnoea 
following thoracentesis. We found no association between US-characteristics, including diaphragm 
shape or movement (M-mode or the Area method), and a decrease in dyspnoea following drainage. 
Baseline MBS score ≥ 4 and a fully drained effusion were significant correlated with a minimal important 
improvement in dyspnoea (OR 3.86 (1.42–10.50), p = 0.01 and 2.86 (1.03–7.93), p = 0.04, respectively).
Conclusions: In our study population, US-characteristics including assessment of diaphragm 
movement or shape was not associated with a minimal important improvement in dyspnoea 
immediately following thoracentesis.
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Introduction

In patients with recurrent pleural effusion, dyspnoea is 
the main symptom [1]. Therapeutic thoracentesis 
relieves dyspnoea in most, but not all patients [2]. 
Patients with recurrent effusions who experience 
symptom relief following drainage may be considered 
for a definitive pleural treatment such as indwelling 
pleural catheter (IPC) or talc pleurodesis [1,3]. Thus, 
identifying which patients are likely to benefit from 
therapeutic thoracentesis may avoid superfluous drai
nages, including the patient risks and hospital costs, 
and may be suggestive of symptom relief following IPC 
and pleurodesis.

Previous studies have identified characteristics 
associated with a decrease in dyspnoea following thor
acentesis including a larger volume drained [2], less 

than five septations [2], a higher level of dyspnoea at 
baseline [4,5], diaphragm shape or movement [4,6,7], 
benign aetiology [4] and high pleural pH [4]. 
However, the findings are inconsistent [2,4–6], and 
some studies are limited by evaluating the effect of 
a combination of various pleural procedures [2,4]. 
Also, recurrent pleural effusions often have several 
causes but little is known about the impact of dys
pnoea-associated comorbidities [8,9].

Impaired diaphragm movement is considered a key 
pathophysiological mechanism in effusion-related dys
pnoea [4,6,10–14]. Ultrasound (US) evaluation of dia
phragm movement is often performed using the 
M-mode function or by simple ‘eyeballing’. The latter 
is easily performed, but imprecise and poorly validated 
concerning therapeutic thoracentesis [4]. A novel 
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alternative is the Area method, measuring the 
intrathoracic area above the diaphragm. The Area 
method has been shown to be feasible and accurate in 
assessing diaphragm movement in healthy individuals 
[15] and to be associated with a relevant improvement 
in dyspnoea following therapeutic thoracentesis in 
a single-center study with 32 selected patients without 
pleural adhesions or evidence of trapped lung at ima
ging [6]. However, pleural adhesions and trapped lung 
are common features of malignant pleural effu
sion [16].

On this background, we set out to explore the asso
ciation between US characteristics including dia
phragm movement and change in dyspnoea 
immediately following thoracentesis in unselected 
patients with recurrent unilateral pleural effusion.

Materials and methods

We conducted a prospective, observational study of 
patients with unilateral pleural effusion and need of 
repeated therapeutic thoracentesis. Participants gave 
their informed consent and were recruited from the 
outpatient clinics of the Department of Respiratory 
Medicine, Zealand University Hospital, Naestved and 
Roskilde, Denmark.

The inclusion criteria were age ≥18 years, unilateral 
pleural effusion, need of therapeutic thoracentesis, 
minimum two previous thoracenteses and the ability 
to give informed consent. We collected data on basic 
demographics, smoking status, cause of pleural effu
sion, co-morbidities possibly contributing to dyspnoea 
and volume drained. All participants underwent a US 
evaluation of both hemi thoraces before and after 
drainage.

Ultrasound examinations

Two experienced and certified US operators (KF and 
JKP) performed all US examinations and thoracenteses 
after undergoing specific bedside training in the Area 
method.

At Zealand University Hospital, Naestved, Thoracic 
US (TUS) assessments were performed using LOGIQ 
S8 (GE Healthcare Wauwatosa, USA) and a C1–5 
curved abdominal transducer (2–5 MHz), abdominal 
preset. At Zealand University Hospital, Roskilde, TUS 
was performed using an ALOKA ARIETTA V60 
(Hitachi, Tokyo, Japan) and a C42 micro-convex trans
ducer (4–8 MHz), liver preset. All US film clips were 
recorded for further analysis. The patient was placed in 
an erect position. TUS included an assessment of dia
phragm shape (domed, flat, inverse), diaphragm 

movement (assessed by M-mode [17] and Area method 
[15]), effusion size (small: < 1/3 of hemi thorax, mod
erate: 2/3<>1/3 of hemi thorax and large > 2/3 of hemi 
thorax), echogenicity (simple, complex non-septated, 
complex septated, homogenously echogenic [18]), 
septa score (number of septations visible in a single 
US field at the area of maximum septations: no septa
tions, 1–2, 3–4, >5) [2], swirling [19] (present, non- 
present) and suspected trapped lung based on simple 
visual estimation of obtained images (e.g. impaired 
movement of the underlying lung). After ended drai
nage, the diaphragm was relocated and diaphragm 
shape and movement were reassessed, and it was eval
uated whether the effusion was fully drained (if less 
than 0.1 liter pleural fluid remaining assessed by visual 
estimation).

Diaphragm movement assessment

The patients were instructed to breathe as calmly and 
unforced as possible during a US assessment of the 
diaphragm movement.

Area method was performed as previously described 
by Skaarup et al. [15]. In a lateral view in the mid-axillary 
line, the diaphragm dome was visualised, and a film clip 
of a respiration was saved. The image frame of maximal 
inspiration and expiration was identified. The area above 
the diaphragm dome was measured by tracing the entire 
visual part of the diaphragm and using the area- 
calculation function. The change in intrathoracic area 
during respiration was measured by subtracting the area 
at maximal diaphragm contraction from the area at mini
mal diaphragm contraction, see Figure 1

M-Mode was performed using a subcostal view in the 
mid-clavicular line as previously described [15,17,20,21]. 
The M-mode line was placed on the part of the dia
phragm with the largest movement. The amplitude dur
ing breathing was measured in millimetres.

Dichotomised M-mode was constructed as a post 
hoc variable (‘normal’ = M-mode ≥1.0 cm and ‘abnor
mal’ = M-mode <1.0 cm) with cut-off based on 
a previous study [20] since simple visual estimation 
was not a pre-specified parameter in our protocol.

Thoracentesis

KF and JP performed all thoracentesis. US guided, 
using sterile technique and under local anaesthesia, 
a 7 French (or up to 16 French, to the choice of the 
clinician) pigtail catheter was inserted and connected 
to a sealed bag. To prevent symptoms caused by fast 
lung expansion, drainage was paused for 10 minutes 
after drainage of every liter or whenever symptoms 
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started to appear. There was no standard minimum or 
maximum volume drained as drainage was guided by 
patient symptoms. Reasons for leaving residual fluid 
were symptoms of trapped lung (cough and chest pain) 
and no flow despite flushing.

Patient reported dyspnoea

On the day of inclusion, before thoracentesis all 
participants completed a questionnaire including 
the modified Borg 0–10 Scale [22] (MBS) and the 
Medical Research Council (MRC) breathlessness 
scale [23] of dyspnoea. Ten minutes after ended 
drainage, before the patients were mobilised, MBS 
was repeated. An improvement of minimal impor
tance was defined as a decrease of ≥ 1 on MBS [24], 
identifying the patient as a responder. Patients were 
not blinded to the amount of fluid removed.

Outcomes

Primary outcome: correlation between diaphragm 
movement measured by the Area method and an 
improvement in dyspnoea of minimal importance 
immediately following therapeutic thoracentesis.

Secondary outcomes: a) as above, but with M-mode 
and visual estimation as US method, b) correlation 
between earlier reported clinical and baseline US fac
tors and relief in dyspnoea after thoracentesis, c) 

change in diaphragm shape and movement following 
thoracentesis.

Statistical considerations

This study was a part of a larger study (clinical.trial. 
gov, ID: 19–000067); hence, the original power- 
calculation was not concerning the research questions 
of this paper. Categorical data was described as number 

(n) and percentage (%) and continuous variables as 
median and range/IQR or mean (SD) if normally dis
tributed. Differences between paired observations were 
analysed using paired t-test and McNemar’s test for 
continuous variables and Wilcoxen signed rank test 
for categorical observations. Differences between 
unpaired observations were analysed using t-test for 
continuous variables and Chi-squared or Fisher’s 
exact test for categorical variables. Correlations con
cerning characteristics associated with being 
a responder were analysed using uni- and multivariate 
logistic regression analysis. Variables included in the 
univariate analyses were chosen a priory. The multi
variate regression analysis included variables with p <  
0.05 in the univariate analysis. No stepwise forward or 
backward selection was performed. MBS and MRC as 
predicting variables were dichotomised, since some 
categories contained very few patients. A cut-off of ≥  
4 was chosen to differentiate between moderate and 
severe dyspnoea, see Appendix A. Post hoc analysis on 
patients with non-domed diaphragm shape and not 
fully drained effusions, respectively, was performed to 
explore and explain unexpected results. Missing data 
was considered missing at random and p-values <0.05 
considered the level of significance. All statistics were 
performed using STATA/BE 17 (Texas, US).

Results

Between January 2020 and December 2021, 104 indivi
dual patients were included by screening 548 individual 
patients, see Figure 2 Patient characteristics are shown 
in Table 1. The mean age was 73.3, and the majority 
were male (60/104 (58%)). Most patients had malig
nant pleural effusion (75/104 (72%)), and 50/104 (48%) 
had at least one comorbidity known to cause dyspnoea 
(specifications are shown in Appendix B. Median MRC 
was 4 (IQR 2–5). The mean volume drained was 1313  

Figure 1. Diaphragm movement during respiration measured by the area method: (a) Full inspiration, maximal area over the 
diaphragm; (b) Full expiration, minimal area over the diaphragm.
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ml (SD 668), and 46% (48/104) of the effusions were 
fully drained. The median MBS was 3 range (0–10) 
before drainage and 2(0–10) after ended drainage. 
Overall, patients experienced a relevant reduction in 
dyspnoea measured by MBS (median reduction 1.0 
(IQR 0.0–3.0, p < 0.001), see Figure 3), and 55/104 
(53%) met the criteria of being responders.

Characteristics associated with a being a responder

As presented in Table 2, factors associated with being 
a responder in univariate analysis included baseline 
MRC ≥ 4 (OR 2.47 (1.05–5.78), p = 0.04, baseline MBS 
score ≥ 4 (OR 4.15 (1.81–9.55), p < 0.001) and a fully 
drained effusion (OR 2.43 (1.10–5.38), p = 0.03). Non- 
domed diaphragm shape at baseline and normalisation 
of the diaphragm shape following drainage was associated 
with not being a responder immediately after drainage 
(OR 0.36 (0.14–0.90), p = 0.03 and 0.36 (0.13–1.00), 
p = 0.05 respectively). In multivariate analysis, baseline 
MBS score ≥ 4 and a fully drained effusion were associated 
with being a responder (OR 3.86 (1.42–10.50), p = 0.01 
and 2.86 (1.03–7.93), p = 0.04, respectively). We found no 
association between baseline diaphragm movement, mea
sured by the Area method, M-mode, or dichotomised 
M-mode and being a responder. Likewise, no other US 
findings including septations, swirling or signs of trapped 
lung were correlated with being a responder, see Table 2.

Post hoc analysis showed that patients with non- 
domed diaphragm shape at baseline had 
a significantly higher proportion of large effusions 
and of suspected trapped lung, a larger volume 

548 individuals assessed for 
eligibility 

107 included in the study 

351 patients excluded 

   186 only one previous thoracentesis 

   64 bilateral pleural effusion 

   74 no indication for thoracentesis  

   9 not able to give informed content 

   17 declined to participate 

   1 missed  

1 patient withdrew informed consent 
after inclusion 

2 patients with saved US images not 
available 

104 included in final analysis 

Figure 2. Flowchart showing the inclusion of patients.

Table 1. Baseline characteristics of included patients.
Characteristic Population n = 104

Age, years: mean (SD) 73 (10)
Sex: n (%)

Female 44 (42)
Male 60 (58)

Smoking: n (%)
Never 25 (24)
Ever 79 (76)
Pack years: median (IQR) 30 (15-44)

Comorbidities associated with dyspnoea*: n (%) 50 (48)
Aetiology of the pleural effusion¤: n (%)

Malignant 75 (72)
Lung 37 (36)
Breast 12 (12)
Mesothelioma 12 (10)
Ovarian 3 (3)
Lymphoma 4 (4)
Uterus 1 (1)
Sarcoma 1 (1)
Kidney 2 (2)
GIST 1 (1)
Mb. Waldenström 1 (1)
Unknown primary tumour 1 (1)

Non-malignant: 29 (28)
Cardiac failure 10 (10)
Pleuritis 7 (7)
Hepatic insufficiency 2 (2)
Pulmonary embolism 1 (1)
Pulmonary hypertension 1 (1)
Kidney failure and 
pulmonary hypertension

1 (1)

Complicated parapneumonic effusion 2 (2)
Post CABG 1 (1)
Meig’s syndrome 1 (1)
Unknown 3 (3)

Volume drained, L: mean (SD) 1313 (668)
MRC: median (IQR) 4 (2-5)
Prior thoracenteses:

Number within one year: median (IQR) 3 (2-5)
Days since most recent: median (IQR) 20 (11-42)

*For further details see Appendix B. 
¤In 15 patients with unknown cause of pleural effusion at follow-up, the electro

nic patient file were assessed one year later do establish final cause. 
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drained and a smaller proportion of fully drained 
effusions, see Appendix D.

Patients with not fully drained effusions had a higher 
proportion of suspected trapped lung and a lower pro
portion of initial responders see Appendix E.

Besides a higher proportion of non-domed dia
phragm shape at baseline and a smaller proportion 
of fully drain effusions, patients with signs of sus
pected trapped lung also had larger effusions and 
a higher proportion of non-simple effusions and sep
tated effusions, see Appendix F. Diaphragm move
ment before drainage was significantly more often 
impaired, when measured by dichotomised M-mode, 
not by the Area-method, see Appendix F.

Changes in diaphragm shape following 
thoracentesis

At initial US assessment, 26/104 (26%) had flat or 
inversed diaphragm shape, see Table 3. Of these, 21/26 
(81%) became domed following drainage. The diaphragm 
was not visible in one patient due to thorax deformity and 
pneumothorax.

Changes in diaphragm movement following 
thoracentesis

At the side of effusion, diaphragm movement 
increased significantly following thoracentesis, both 

measured by M-mode (mean (SD) 1.3 cm (0.8) vs 
1.6 cm (1.0), mean delta = 0.3 cm (SD 1.0), 
p-value = 0.004) and the Area method (mean (SD) 
8.6 cm2 (6.2) vs 14.6 cm2 (9.7), mean delta = 6.5 cm2 

(SD 9.4), p < 0.001), see Table 4. At the opposing 
side, there was no significant change in diaphragm 
movement neither by M-mode (mean delta = −0.02  
cm (SD 1.3), p = 0.91) nor the Area method (mean 
delta = −0.3 cm2 (SD 8.7), p = 0.79).

Discussion

In this study, we found baseline level of dyspnoea to be 
associated with a minimal relevant reduction in dys
pnoea. This is in line with previous studies [4,5]. In 
addition, a fully drained effusion was associated with 
being a responder. We found no correlation between 
US assessed diaphragm shape or movement or any 
other US findings and improvement in dyspnoea 
immediately following therapeutic thoracentesis. 
Hence, we could not identify any US characteristics 
which prior to thoracentesis enabled prediction of 
relief in dyspnoea following drainage.

Our findings concerning no predictive effect of dia
phragm shape were unexpected since previous studies 
have shown this correlation [4,7]. Perhaps, patients with 
non-domed shape, having the largest volumes of fluid to 
start with, still had a significant volume remaining after 

Figure 3. Box plot showing patient perceived dyspnoea before and after thoracentesis measured by modified Borg scale (MBS). 
Wilcoxen signed rank test for p-values.
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Table 2. Correlation between different characteristics and having a clinical important improvement in dyspnoea measured by 
modified Borg scale (MBS), defined as a drop ≥ 1.

Unadjusted Adjusted

Characteristic Responders/total
OR 

(95% CI) p-value
OR 

(95% CI) p-value

Subjects, n 55/104
Age, years 0.99 (0.95–1.03) 0.58
Female sex 25/44 1
Male sex 30/60 0.76 (0.35–1.66) 0.49
Never smoker 14/25 1
Ever smoker 41/79 0.85 (0.34–2.09) 0.72
Cause of effusion

Benign 14/29 1
Malignant 41/75 1.29 (0.55–3.05) 0.56

No comorbidity associated with dyspnoea 24/54 1
Comorbidity associated with dyspnoea 31/50 2.04 (0.93–4.47) 0.08
Characteristics before drainage:
Baseline level of dyspnoea:
MRC

1–3 25/44 1
4–5 30/46 2.47 (1.05–5.78) 0.04 1.62 (0.62–4.26) 0.33

MBS
0–3 22/58 1
4–10 33/46 4.15 (1.81–9.55) <0.001 3.86 (1.42–10.50) 0.01

Diaphragm shape:
Domed 46/77 1
Non-domed 9/26 0.36 (0.14–0.90) 0.03 0.70 (0.23–2.18) 0.54

Diaphragm movement:
M-mode, cm 1.26 (0.76–2.08) 0.36
Area method, cm2 1.04 (0.97–1.11) 0.25
Dichotomised M-mode

Impaired 22/42 1
Normal 32/58 1.12 0.78

Size of pleural effusion
Small 12/25 1
Moderate 35/60 1.51 (0.59–3.87) 0.38
Large 8/19 0.79 (0.24–2.62) 0.70

Effusion echogenicity:
Simple 27/53 1
Non-simple 28/51 1.17 (0.54–2.53) 0.69

No septations 46/81 1
Septations 9/23 0.49 (0.19–1.26) 0.14
No swirling sign 32/65 1
Swirling sign 23/39 1.48 (0.66–3.31) 0.34
No signs of trapped lung 43/75 1
Signs of trapped lung 12/29 0.53 (0.22–1.25) 0.15
Characteristics after drainage:
Diaphragm shape unchanged 48/83 1
Diaphragm shape normalised* 7/21 0.36 (0.13–1.00) 0.05
Not fully drained 24/56 1
Fully drained 31/48 2.43 (1.10–5.38) 0.03 2.86 (1.03–7.93) 0.04
Volume drained, L 1.13 (0.63–2.02) 0.68
Delta M-mode 1.13 (0.73–1.76) 0.58
Delta Area method 0.97 (0.93–1.02) 0.23

OR calculated by logistic regression. 
*From inversed or flat diaphragm shape to domed. 
Variables in multivariate analysis adjusted for variables with p < 0.05 in univariate analysis. 

Table 3. Diaphragm shape before and after thoracentesis. N = 104.
After

Before Domed Flat Inversed Not visualised* Total

Domed 77 0 0 0 77
Flat 18 5 0 0 23
Inversed 3 0 0 0 3
Not visualised* 0 0 0 1 1
Total 98 5 0 1 104

*Patient with thorax deformity and pneumothorax. 
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thoracentesis, thus needing further drainage to fully 
respond, though their diaphragm shape was normalised.

Our quite high proportion of not fully drained 
effusions (56/104 (54%)) may be explained by 
a higher proportion of trapped lung in this group.

Skaarup et al. has previously found a clear correla
tion between improvement in dyspnoea immediately 
following thoracentesis and initial diaphragm move
ment, measured by the Area method (n = 32). 
Compared to Skaarup et al., we found a smaller 
increase in diaphragm movement on the side of effu
sion following thoracentesis (mean 6.5 cm2 (SD 9.4) vs. 
mean 18.6 cm2). Since our measurements by the Area 
method on the unaffected side are comparable (before 
thoracentesis 27.8 cm2 (SD 10.3) vs 26.3 cm2 (95% 
CI 21–31.63), after thoracentesis 24.6 cm2 (SD 10.7) 
vs 27.9 cm2 (95% CI 20.35–35.47)) [6], there is no 
indication of differences in US techniques. Compared 
to our study, Skaarup et al. found a higher decrease in 
dyspnoea measured by MBS (median 2.5 vs. 1.0) and 
a lower proportion of non-responders measured by 
MBS (15.6% vs 47%). A possible explanation is the 
higher level of baseline dyspnoea (MBS mean (SD) 
5.6 ± 2.5 vs. 3.3 ± 2.5). Also, these differences may be 
caused by distinct differences in the study populations, 
as Skaarup et al. excluded patients with pleural adhe
sions and trapped lung. Thus, our study population is 
likely to have more pronounced modifications in their 
pleural effusion, e.g. pleural thickening, trapped lung 
and septations, possible influencing the diaphragm 
movement in addition to the pleural fluid. The dys
pnoea in our study population may be explained by 
other factors than restored diaphragm movement, e.g. 
re-expansion of the lung tissue, the underlying cause of 
the pleural effusion or comorbidity.

A large and comprehensive study by Muruganandan 
et al. [4] including 145 patients found clinically rele
vant relief in dyspnoea measured 24–36 hours after 
thoracentesis to be associated with ‘abnormal, paral
ysed or paradoxical’ in contrast to ‘normal or reduced’ 
diaphragm movement prior to thoracentesis [4]. We 
were not able to confirm this finding using the more 
sophisticated Area method for assessment of dia
phragm movement or on dichotomised M-mode mea
sures. A possible explanation is the difference in time 
of post drainage evaluation. In addition, there are cer
tain differences in the study populations. Our popula
tion had a lower level of baseline dyspnoea (VAS mean 
(SD) 4.1 ± 3.0 vs. 5.6 ± 2.1, 10 being the worse) and 
a lower proportion of responders (55/104 (53%) vs. 
106/145 (73%)). We included patients with effusions 
smaller than 500 ml (11/106 (10%)) and fewer patients 
with initial abnormal diaphragm shape (26/104 (25%) 
vs. 72/145 (50%)). As mentioned above, our study 
population may have other considerable causes of relief 
in dyspnoea following thoracentesis besides improved 
diaphragm movement.

Certain limitations specific to our study must be 
acknowledged. First, no dedicated calculation of sample 
size was performed regarding the primary outcome of 
this paper. Thus, there is a risk of type II errors. Also, we 
did not correct for multiple imputations despite a rather 
small sample size and large amount of analysis. This was 
chosen since it was an exploratory study, and we would 
risk overcorrection of type 1 errors. Second, we did not 
evaluate inter or intra-observer variability, as this have 
previously shown to be low using the Area method [15]. 
Third, measurements of physiological parameters (e.g. 
respiratory rate or peripheral oxygenation), functional 
capacity, and lung volumes were not included, since 

Table 4. Diaphragm movement pre and post thoracentesis assessed by M-mode and area method. N = 104.
Diaphragm movement

M-mode, cm, 
mean (SD) Area method, cm2, mean (SD) Coefficient* (95%CI) p-value*

The side of effusion
Before thoracentesis 1.3 (0.8) 8.6 (6.2) 0.06 

(0.04–0.08)
<0.001

After thoracentesis 1.6 (1.0) 14.6 (9.7) 0.06 
(0.05–0.09)

<0.001

Delta 0.3 (1.0) 6.5 (9.4) 0.06 
(0.04–0.08)

<0.001

p-value# 0.004 <0.001
The opposing side

Before thoracentesis 3.7 (1.4) 27.8 (10.3) 0.04 
(0.01–0.07)

0.02

After thoracentesis 3.5 (1.6) 27.6 (10.7) 0.05 (0.01–0.08) 0.001
Delta − 0.02 (1.3) −0.3 (8.7) 0.03 

(0.00–0.07)
0.05

p-value# 0.91 0.79

*Correlation between M-mode and Area method, linear regression. 
#Between measurements before and after thoracentesis, paired t-test. 
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previous studies have shown limited changes shortly after 
drainage [6,7,10,11]. Fourth, since some studies suggest 
the maximal effect of pleural fluid drainage occur one to 
two days after thoracentesis [5,13,25], one could argue 
our measurement of dyspnoea after drainage were per
formed too early. In such case, we systematically under
estimate the number of responders, and risk to neglect 
a true relationship between, e.g. dyspnea relief and dia
phragm movement. However, we would expect to 
observe a trend towards such an association, which we 
did not (p-values >0.70). Fifth, our study exclusively 
included patients with recurrent need of therapeutic thor
acentesis, who may have more pronounced pleural 
changes (e.g. pleural thickening, trapped lung and septa
tions [26]) than the average patient presenting with uni
lateral pleural effusion. Sixth, our definition of suspected 
trapped lung was based on subjective visual estimation by 
the examiner with no use of more objective measure
ments. Last, we chose to define a responder by a clinical 
important improvement in dyspnoea measured by MBS, 
even though MBS have not been validated in patients 
with pleural effusion.

Patients with recurrent pleural effusion and symp
tom relief following thoracentesis should be considered 
for definitive pleural treatment [3,16]. Early prediction 
of who will benefit clinically significant from thora
centesis would enable patients and clinicians to pro
ceed directly to definitive pleural treatments and thus 
reduce number of pleural interventions and hospital 
visits [27]. Our study found that US findings are not 
reliable to predict a clinical important relief in dys
pnoea following therapeutic thoracentesis in unselected 
patients with recurrent pleural effusions and should as 
such be used with caution.

Conclusions

In patients with large pleural effusions, no ultrasound 
characteristics (e.g. diaphragm shape or movement) 
reliably identified patients with dyspnoea relief follow
ing therapeutic thoracentesis. Our findings address the 
complexity of dyspnea and do not question the crucial 
role of thoracic ultrasound in the diagnosis and man
agement of pleural disease.
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Appendix A

Appendix B

Table A. Modified Borg Scale (MBS).
0 No breathlessness at all
0.5 Very, very slight (just noticeable)
1 Very slight
2 Slight
3 Moderate
4 Somewhat severe
5 Severe
6
7 Very severe
8
9 Very, very severe (almost maximal)
10 Maximal

Medical Research Council dyspnoea scale (MRC)
1 No breathlessness except with strenuous exercise
2 Shortness of breath when hurrying on the level or walking up a slight hill
3 Walks slower than people of the same age on the level because of breathlessness or stops for breath while walking at own pace on the level
4 Stops for breath after walking about 100 metres or after a few minutes on the level
5 Too breathless to leave the house or breathless when dressing or undressing

Specification of comorbidities associated with dyspnoea, n = 50
Comorbidity N (%)

Asthma 9 (8)
COPD* 18 (17)
Interstitial lung disease 2 (2)
Pulmonary lobectomy/pleurectomi 2 (2)
Heart failure 6 (6)
Former irradiation of the lung 15 (14)
Pulmonary tumour 7 (7)
Mamma tumour 8 (8)
Intrapulmonary tumour§ = T4 34 (33)
Other 14 (13)
Cardiac dysfunctions not causing heart failure# 7 (7)
Chronic back pain 3 (3)
Pulmonary hypertension 2 (2)
Ascites 1 (1)
Emphysema 1 (1)

*Chronic obstructive pulmonary disease. 
§T4 according to the TNM classification of lung cancer, 8th edition: lung cancer = 25, breast 

cancer = 4, lymphoma = 1, ovarian cancer = 1, mesothelioma = 1, kidney cancer = 1, sar
coma = 1. 

#Atrial fibrillation, pericardial effusion, valve disease, recent pulmonary embolism. 
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Appendix C

Appendix D

Specification of aetiology of the pleural effusion, n = 104
Aetiology N(%)

Malignant 75 (72)
Lung 37 (36)
Breast 12 (12)
Mesothelioma 12 (10)
Ovarian 3 (3)
Lymphoma 4 (4)
Uterus 1 (1)
Sarcoma 1 (1)
Kidney 2 (2)
GIST 1 (1)
Mb. Waldenström 1 (1)
Unknown primary tumour 1 (1)

Non-malignant: 29 (28)
Cardiac failure 10 (10)
Pleuritis 7 (7)
Hepatic insufficiency 2 (2)
Pulmonary embolism 1 (1)
Pulmonary hypertension 1 (1)
Kidney failure and 
pulmonary hypertension

1 (1)

Complicated parapneumonic effusion 2 (2)
Post CABG 1 (1)
Meig’s syndrome 1 (1)
Unknown 3 (3)

Selected variables by completion of drainage (fully drained vs. not fully drained)
Domed = 77 Non-domed = 26 p-value*

Comorbidity associated with dyspnoea, n(%) 40 (52) 10 (38) 0.24
MBS, n(%)
0–3 40 (52) 18 (69)
4–10 37 (48) 8 (31) 0.12
Size of pleural effusion
Small 23 (30) 2 (8)
Moderate 44 (57) 15 (58)
Large 10 (13) 9 (34) 0.01
Signs of trapped lung, n(%) 17 (22) 12 (46) 0.02
Volume drained, ml, mean (SD) 1190 (595) 1719 (704) <0.001
Fully drained, n(%) 44 (57) 4 (15) <0.001

P-values by Chi2 or Fisher’s exact test in categorical variables and t-test in continuous variables. 
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Appendix E

Appendix F

Selected variables by completion of drainage (fully drained vs. not fully drained)

Fully drained, n = 48 Not fully drained, n = 56 p-value

Comorbidity associated with dyspnoea, n(%) 27 (56) 25 (45) 0.12
Baseline MBS, n(%)
0–3 27 (56) 31 (55)
4–10 21 (44) 25 (45) 0.93
Size of pleural effusion
Small 8 (14) 17 (35)
Moderate 31 (55) 29 (60)
Large 17 (30) 2 (4) <0.001
Signs of trapped lung, n(%) 5 (10) 24 (43) <0.001
Volume drained, ml, mean (SD) 1233 (64) 1381 (108) 0.26
Responders, n(%) 31 (65) 24 (43) 0.03
Change in MBS, mean (SD) 1.5 (2.8) 0.7 (2.7) 0.13

P-value by Chi2 or Fisher’s exact test in categorical variables and t-test in continuous variables. 

Selected variables by signs of trapped lung (n = 104)
Signs of trapped lung n = 29 No signs of trapped lung n = 75 p-value

Characteristics:
Age (mean, SD) 72.3 (7.7) 74.4 (11.0) 0.36
Sex, female 13 (45) 31 (41) 0.75
Ever smoker 20 (69) 59 (79) 0.30
malignant 25 (86) 50 (67) 0.05
comorbidity 13 (45) 37 (49) 0.68
Number within one year: median (IQR) 3 (2-4) 3 (2-5) 0.55
Days since most recent: median (IQR) 15 (10-31) 21 (12-42) 0.35
Before drainage:
Baseline level of dyspnoea:
MRC
1–3 14 (52) 30 (48)
4–5 13 (48) 33 (52) 0.71
MBS
0–3 17 (59) 41 (55)
4–10 12 (41) 34 (45) 0.72
Diaphragm shape:
Domed 17 (58) 60 (81)
Non-domed 12 (41) 14 (19) 0.02
Diaphragm movement:
M-mode, cm, mean(SD) 1.0 (0.9) 1.4 (0.7) 0.05
Area method, cm2, mean(SD) 7.1 (6.5) 9.2 (6.1) 0.13
Dichotomised M-mode
Impaired 18 (67) 24 (33)
Normal 9 (33) 49 (67) 0.002
Size of pleural effusion
Small 5 (17) 20 (27)
Moderate 14 (48) 46 (61)
Large 10 (34) 9 (12) 0.03
Effusion echogenicity:
Simple 10 (34) 43 (57)
Non-simple 19 (66) 32 (43) 0.04
No septations 18 (62) 63 (84)
Septations 11 (38) 12 (16) 0.02
No swirling sign 17 (59) 48 (64)
Swirling sign 12 (41) 27 (36) 0.61
After drainage:
Diaphragm shape unchanged 20 (69) 63 (84)
Diaphragm shape normalised* 9 (31) 12 (16) 0.09
Fully drained 5 (17) 43 (57) <0.001
Volume drained, L 1214 (733) 1351 (642) 0.35
Delta M-mode, mean(SD) 0.2 (1.0) 0.3 (1.0) 0.69
Delta Area method, mean(SD) 4.0 (7.4) 7.6 (10.0) 0.10
Responder#, n(%) 12 (41) 43 (57) 0.14

*From inversed or flat diaphragm shape to domed. 
#Defined by a clinical important improvement in dyspnoea measured by modified Borg scale (MBS), defined as a drop ≥ 1. 
P-value by Chi2 or Fisher’s exact test in categorical variables and t-test in continuous variables. 
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