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Abstract

experience post-drainage dyspnea improvement.

Background: Dyspnea that is caused by pleural effusion and affects patients’ quality of life may not be resolved after
lung expansion following pleural tapping. This study aims to investigate the role that changes in the diaphragmatic
shape and movement play in the development of dyspnea in those patients.

Methods: Thirty patients with pleural effusions and dyspnea were evaluated before and at 24 h after therapeutic
thoracentesis. The primary outcomes are to investigate changes in diaphragmatic shape and movement before and
after thoracentesis by chest ultrasound to evaluate factors causing effusion-related dyspnoea, while the secondary
outcomes are firstly to investigate the effect of pleural effusion on the cardiorespiratory, functional, and diaphrag-
matic variables in causing dyspnea and secondly to detect the percentages and demographics of patients who

Results: Thirty patients with age >18 years old who had moderate to massive pleural effusion (either of benign or
malignant etiology), with breathlessness were recruited from the Chest Department, Ultrasonography Unit, Ain-
Shams University Hospitals. Almost all (96.7%) of the studied patients experienced shortness of breath with a mean
modified Borg Score of 5.13 4 1.78, tapping of varying amounts of pleural fluid ranging from 1000 to 2000 ml.

There is a highly significant improvement in the diaphragmatic excursion, with non-significant improvement in dia-
phragmatic shape, although nonsignificant correlation between diaphragmatic excursion and functional parameters
(M. Borg score, spirometry, and 6MWD: 6-min walk distance), but a significant negative correlation between diaphrag-
matic excursion and amount of drained effusion (P value 0.045 and 95% Cl for OR 1.041-36.779). 63.3% of patients
experienced dyspnea improvement after thoracocentesis, and they showed highly significant improvements in M.
Borg dyspnea score, spirometry, pulse rate, respiratory rate, 6MWD, and blood oxygen saturation.

Conclusion: In this study, we conclude that the improvement of the diaphragmatic excursion was negatively corre-
lated with the amount of drained effusion, but no significant correlation was detected with the functional parameters
and effusion-related indices that may be caused by the small sample size of the study.
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Background

Dyspnea is a subjective suffering of breathing difficulty. It
affects up to 80% of patients with malignant pleural effu-
sion [1-3] and a greater percentage of those with heart
failure-associated effusions [4]. It was found that pleural
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effusions can have a large effect, on breathing, quality of
life [5], sleep [6], and exercise capacity [7].

It was previously thought that the presence of dysp-
nea usually depends on the effusion amount, but other
factors like the patient’s cardiopulmonary condition
and anemia are playing pivotal roles [8]. Although
post-drainage lung expansion results in breathlessness
improvement, changes in the diaphragmatic shape and
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movement recently are found to have the main role in
dyspnea development in those patients [8, 9].

This work studies the changes in diaphragmatic shape
and movement following thoracentesis and evaluation
of other factors contributing to effusion-related dyspnea
for better management and decision-making for those
patients.

Methods

This was a prospective cohort study conducted at the
Ultrasonography Unit and Pulmonary Function Unit,
Chest Department, Ain Shams University Hospitals, in
Cairo, Egypt. Using Epi Info 7 program for the sample
size calculation, with a margin of error = 10% and at 95%
confidence level, the sample size of at least 30 partici-
pants was needed.

The primary outcomes are to investigate changes in dia-
phragmatic shape and movement before and after thora-
centesis by chest ultrasound to evaluate factors causing
effusion-related dyspnea, while the secondary outcomes
are firstly to investigate the effect of pleural effusion on
the cardiorespiratory, functional, and diaphragmatic
variables in causing pre-drainage dyspnea and secondly
to detect percentage and demographics of patients who
experience post-drainage dyspnea improvement.

Inclusion criteria

Thirty patients with inclusion criteria are as follows:
age >18 years old with pleural effusion (either of benign
or malignant etiology) > 25% of hemithorax and had
breathlessness. Convenient non-random sampling was
used to recruit the study sample. All patients fulfilling the
inclusion criteria were included in the study till the com-
pletion of the sample size.

Exclusion criteria
The exclusion criteria are as follows: any loculated, com-
plicated pleural effusion that necessitates surgical inter-
ventions, pleural effusion in children, mechanically
ventilated patients with pleural effusion, bedridden or
immobile patients with pleural effusion, patients with
mental illness, pleural effusion associated with trapped
lung (e.g., presence of endobronchial lesion), pleural effu-
sion in patients with chronic liver failure, hypoalbumine-
mia, and any associated cause of rapid transudation.
After informed written consent from all enrolled
patients or their legal guardians, all were subjected to a
thorough history taking and clinical examination, stand-
ard full-size posteroanterior CXR at the time of pleural
effusion diagnosis, baseline pre-drainage evaluations
which included vital signs, oxygen saturation by pulse
oximetry, breathlessness score (resting Borg score),
serum albumin, pleural pH, transthoracic ultrasound
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to evaluate shape and movement of the diaphragm,
spirometry, 6-min walk test (distance walked in 6 min
on a straight walking track), measured according to the
American Thoracic Society guidelines [10]. All of these
pre-parameters were repeated again after 24—36 h from
thoracentesis of at least 1000 cc pleural fluid.

Spirometry

It was performed according to the standard practice dis-
cussed in detail previously [10] using a Viasys Health
Care spirometer, D-97204 Hochberg, Germany. The
spirometry indices recorded were forced expiratory
volume in the first second (FEV1), forced vital capacity
(FVC), and FEV,/FVC ratio.

Six minute walk test (6MWT)

A 6-min walk test (6MWT) was done following the
American Thoracic Society’s guidelines for the 6MWT.
The patients were asked to walk for 6-min over a 30-m
hallway at their own pace. The same examiner adminis-
tered each examination without any encouragement. The
test was stopped if patients suffered chest pain, extreme
dyspnea, muscle cramps, disorientation, malaise, or
hypotension. At end of the test, the total distance walked
was recorded in meters. A pulse oximeter was used to
measure peripheral oxygen saturation (Spo,) and heart
rate before and after the 6MW T (model LOX100C; Lepu
Medical, Inc; Heartcare, China) [10].

Ultrasonographic evaluation

Diaphragm ultrasound was done using MindrayDP-
1100Plus (2015) Shanghai, China, ultrasonographic
machine for the assessment of diaphragmatic mobility
and diaphragmatic excursion at the side of effusion.

Patient position

The patient would be in a supine position, and the
researcher sat down on a chair on the right side of the
bed at the level of the patient’s abdomen; the ultra-
sound device was beside him at the level of the head of
the patient and then the examination was done to the
affected side of effusion. The advantages of the supine
position are as follows: less overall variability, less side-
to-side variability, greater reproducibility, and excur-
sion were known to be greater in the supine position
for the same volume inspired than in sitting or standing
positions [11].

Diaphragmatic excursion

The examination was done using a 3.5C (bandwidth 2-5
MHz) convex-phased array probe (low-frequency probe
with greater depth and allowing to assess excursion), with
B mode set as the default mode on the device screen. The



Shalaby and Ezzelregal The Egyptian Journal of Bronchology

probe of the ultrasound was put at an anterior axillary
line, right/left subcostal after application of the ultra-
sound gel and is directed medially, cephalic, and dorsally
using the liver/spleen as an acoustic window for better
illustration of the diaphragm. First, switch to M mode
observing the diaphragmatic movement during inspira-
tion and expiration, then the freeze button on the ultra-
sound device is pressed, followed by measurement of the
difference between the diaphragmatic position during
inspiration and expiration, and lastly, the diaphragmatic
excursion during breathing was recorded.

Thoracentesis procedure
Thoracentesis guided with chest ultrasound privileged
HCP according to hospital policies and procedures was

Table 1 Demographics,  comorbidities, and  associated
conditions of the studied patients
No. =30
Gender Female 14 (46.7%)
Male 16 (53.3%)
Age Mean+£SD 5370 £ 1557
Range 18-72
BMI Mean=SD 27.89 +6.96
Range 13.84-40
Education llliterate 4 (13.3%)
Primary school 7 (23.3%)
Secondary school 13 (43.3%)
University 6 (20.0%)
Marital status Single 4(13.3%)
Married 26 (86.7%)
Co-morbidities No 6 (20.0%)
Yes 24 (80.0%)
DM No 26 (86.7%)
Yes 4(13.3%)
HTN No 25 (83.3%)
Yes 5(16.7%)
CKD No 28 (93.3%)
Yes 2 (6.7%)
TB No 28 (93.3%)
Yes 2 (6.7%)
Breast cancer No 25 (90.0%)
Yes 5(16.7%)
Pneumonia No 27 (90.0%)
Yes 3(10.0%)
Anemia No 27 (90.0%)
Yes 3 (10.0%)
Lung adenocarcinoma No 28 (93.3%)
Yes 2 (6.7%)
Others No 24 (80.0%)
Yes 6 (20.0%)

BMI body mass index, DM diabetes mellitus, HTN hypertension, CKD chronic
kidney disease, T.B tuberculosis
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performed by the authors who are a trained pulmonolo-
gist using the standard technique in pleural tapping. The
procedure was terminated if the spontaneous cessation
of pleural fluid drainage or if the patient experienced
discomfort with increasing symptoms such as coughing,
dyspnea, chest pain, and/or vasovagal manifestations [12].

All the study steps were consistent with the ethi-
cal principles of the Declaration of Helsinki for medical
research involving human subjects and were approved by
the Faculty of Medicine, Ain Shams University, FMASU
R 08/2020/2021.

Statistical data analysis

It was done in line with the objectives by using the SPSS
program (Statistical Package for Social Sciences) soft-
ware version 18. Qualitative variables were presented as
percentages and Quantitative variables were presented as
mean =+ SD. Student’s “t” test and Pearson’s correlation
coefficient were used as a test of significance, p<0.05 was
considered as significant.

Results

This was a prospective cohort study that included 30
patients who had pleural effusion, and 53.3% of them
were males. Their mean ages were 53.70 £ 15.57 rang-
ing from 18 to 72 years, and their mean BMI was 27.89
+ 6.96 ranging from 13.84 to 40 kg/cm?® The majority
of them had secondary education (43.3%), and 86.7%
were married. One fifth of them had no comorbidities.
Eighty percent of them had different comorbidities and
associated causative conditions such as diabetes melli-
tus, hypertension, chronic kidney disease, tuberculosis,
breast cancer, pneumonia, adenocarcinoma lung, and
anemia representing (13.3%, 16.7%, 6.7%, 6.7%, 16.7%,
10%, 6.7%), respectively (Table 1).

Table 2 Different presentation of the studied patients

Symptoms No.= 30
SOB No 1(3.3%)
Yes 29 (96.7%)
Chest pain No 9 (30.0%)
Yes 21 (70.0%)
Dry cough No 26 (86.7%)
Yes 4(13.3%)
Fever No 28 (93.3%)
Yes 2 (6.7%)
Others No 25 (83.3%)
Yes 5(16.7%)
M. Borg score (0-10) Mean4 SD 513+1.78
Range 2-9

SOB shortness of breath, M. Borg modified Borg



Shalaby and Ezzelregal The Egyptian Journal of Bronchology

Table 3 Pleural fluid characteristics of the studied patients
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No.=30
Pleural fluid chemistry  Exudate 29 (96.7%)
Transudate 1(3.3%)
CXR degree of effusion  Mean+ SD 3.90 £ 0.66
(1-5) Range 3-5
Effusion side Right 13 (43.3%)
Left 17 (56.7%)
Cause of effusion Adenocarcinoma 12 (40.0%)
Metastatic adenocarci- 7 (23.3%)
noma
TB pleural effusion 3(10.0%)
Para pneumonic effusion 3 (10.0%)
Mesothelioma 2 (6.7%)
NHL 1(3.3%)
Empyema 1(3.3%)
HF 1(3.3%)
Effusion duration Median (IQR) 2(1-4)
(months) Range 033-9
Reason of stopping Chest pain 11 (36.7%)
tapping Cough 9 (30.0%)
Chest pain & cough 5(16.7%)
Effusion decreased 4 (13.3%)
Vasovagal attack 1(3.3%)

Amount drained (ml)

Mean+SD
Range

1263.33 £ 341.88

1000-2000

CXR degree of effusion (1-5): 1 no effusion, 2 obliterated costophrenic angle, 3 >

25% of the hemithorax, 4 > 50% of the hemithorax, 5 > 75% of the hemithorax.

IQR interquartile range
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Almost all (96.7%) of the studied patients experienced
shortness of breath Their mean modified Borg Score was
5.13 + 1.78 ranging from 2 to 9. Less commonly chest
pain (70%), followed by dry cough and fever (13.3%,
6.7%), respectively (Table 2).

Chemistry of almost all (96.7%) of the involved pleu-
ral effusions was exudative, and 56.7% of them were left-
sided which was mainly moderate to massive (from three
to five as CXR classification done). More than 70% of the
effusion causes were due to malignancy with adenocarci-
noma, metastatic adenocarcinoma, mesothelioma, and
NHL (40%, 23.3%, 6.7%, and 3.3%), respectively. 23.3% of
the effusions were related to infections. The only cause of
transudate pleural (3.3%) effusion was heart failure. Tap-
ping of different varying amounts of pleural fluid ranging
from 1000 to 2000 ml and stoppage of tapping was done
due to chest pain and coughing mainly which occurred in
36.7% and 30%, respectively (Table 3).

All 30 participants completed all the pre- and post-
thoracentesis tests, they showed highly significant
improvements in M. Borg dyspnea score, FVC (L), FVC
(%), FEV; (L), FEV,(%), pulse rate (beat/m), respiratory
rate, diaphragmatic excursion, and 6-min walk distance
(6MWD) with (P value 0.001) for all except blood oxygen
saturation (P value 0.003) (Fig. 1). Also, it was detected
that diaphragmatic excursion was affected significantly
by effusion duration (Fig. 2). These highly significant
improvements were in the form of a highly significant
increase in all previously mentioned pre thoracentesis
functional assessments except pulse rate and respiratory
rate (they were highly significantly decreased). They also
showed a significant change in the diaphragmatic move-
ment by M mode chest ultrasound (P value 0.03) (Fig. 3).
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Fig. 1 Improvement in functional and radiologic parameters after therapeutic thoracocentesis
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Fig. 2 Significant relation between duration of effusion and diaphragmatic excursion

No significant change was shown in the diaphragmatic
shape by B mode chest ultrasound (P value 0.781) after
thoracentesis (Table 4).

No significant correlation was found between the
improvement of diaphragmatic excursion and neither

the studied functional assessments (spirometry, 6 MWD)
nor effusion-related indices, but the amount of effusion
drained was found to be negatively correlated with the
improvement of diaphragmatic excursion (P value 0.043)
(Table 5).
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Fig. 3 Diaphragmatic ultrasound in patients with pleural effusion showed improvement in shape and movement after therapeutic thoracocentesis
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Table 4 Comparative functional assessment of the studied patients pre- and post-thoracentesis
Pre Post Test value Pvalue
No.= 30 No.=30

M. Borg score (0-10) Mean+SD 513+£1.78 373+£1.20 7918 0.001
Range 2-9 1-7

FVC (L) Mean+SD 1.71 £ 049 2.10+£0.50 —8485 0.001
Range 0.93-2.64 1.15-2.94

FVC (%) Mean+SD 45.28 £10.93 5537 £10.90 —7.841 0.001
Range 25-68 35-75.77

FEV, (L) Mean+SD 142 £ 045 1.75 £ 046 —7.787 0.001
Range 0.84-2.42 0.99-2.58

FEV, (%) Mean+SD 4589+ 12.19 56.97 + 1342 —7.140 0.001
Range 27-75.62 30-85

Spo, (%) Mean=+SD 96.40 + 1.87 96.93 £ 1.64 —3.247 0.003
Range 94-99 94-99

Pulse rate(beat/m) Mean=+SD 10947 £+ 14.89 103.67 £13.53 4.868 0.001
Range 71-155 77-138

RR (breath/m) Mean+SD 2247 £3.77 20.23 £3.66 8.697 0.001
Range 18-33 16-33

DUS M mode Normal 8(26.7%) 18 (60.0%) 6.971 0.030
Sluggish movement 21 (70.0%) 11 (36.7%)
Paradoxical movement 1(3.3%) 1(3.3%)

DUS B mode Flattened 18 (60.0%) 16 (53.3%) 0.494 0.781
Convex upward 11 (36.7%) 12 (40.0%)
Concave upwards 1(3.3%) 2 (6.7%)

Excursion (cm) Median (IQR) 2.50 (2-3.9) 5.60 (4-6.4) —4.784 0.001
Range 1.25-58 2.5-77

6MWD (m) Median (IQR) 195 (100-290) 265 (150-325) —4.789 0.001
Range 60-450 110-560

M. Borg modified Borg, RR respiratory rate, DUS diaphragmatic ultrasound, MWD minute walk distance, FVC forced vital capacity, FEV, forced expiratory volume in the

first second, FEF forced expiratory flow

Discussion

Breathing difficulty is an annoying symptom that affects
the quality of life in patients with pleural effusions, and
it is composed of a number of perceptions, including the
sensation of effort, chest tightness, and air hunger [3]. It
was found that pleural effusions can have a large effect
on breathing, quality of life [5], sleep [6], and on exercise
capacity [7].

It was previously thought that the presence of dyspnea
usually depends on the effusion amount, the patient’s
cardiopulmonary condition, and the presence of associ-
ated anemia. Many confounding and complicated factors
contribute to effusion-related dyspnoea which remained
not so clear. Better management and decision-making
for those patients need more studies hoping to under-
stand the underlying challenging process well. This work
studied the change in diaphragmatic function following
thoracentesis and evaluated it as one of the factors con-
tributing to effusion-related dyspnoea.

Almost all the study participants (96.6%) were com-
plaining of shortness of breath with their M. Borg dysp-
nea score was 5.13 + 1.78 ranging from 2 to 7. After
aspiration of 1263.33 £ 341.88 ml ranging from 1000
to 2000 ml of pleural fluid, a highly significant decrease
in M. Borg dyspnea score was documented 3.73 + 1.20
ranging from 1 to 7 with a P value of 0.001. Pleural effu-
sions are associated with abnormalities in gas exchange,
respiratory mechanics, respiratory muscle function, and
hemodynamics, but the association between these abnor-
malities and breathlessness remains unclear. Also, the
response following thoracentesis remains uncertain [13].

In this work, improvement of patients’ dyspnea score
after thoracentesis was accompanied by a highly signifi-
cant improvement in all documented spirometric indices
FVC (L), FVC (%), FEV; (L), and FEV,(%) (1.71 + 0.49
versus 2.10 &+ 0.50, 45.28 £ 10.93 versus 55.37 &+ 10.90,
1.42 £ 0.45 versus 1.75 £ 0.46, and 45.89 £ 12.19 versus
56.97 £ 13.42, respectively) with a P value of 0.001.
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Table 5 correlation between diaphragmatic excursion difference with effusion-related and other functional-related indices
Improvement (excursion difference) Test value P value
No Yes
N=11 N=19
BMI Mean=+ SD 2934+£7.79 27.05 £ 651 0.864 0.395
Range 13.84-39.79 16.9-40
Exudates/transudate Exudates 11 (100.0%) 18 (94.7%) 0.599 0.439
Transudate 0 (0.0%) 1(5.3%)
Effusion side Right 4 (36.4%) 9 (47 4%) 0.344 0.558
Left 7 (63.6%) 10 (52.6%)
Cause of effusion Adeno 4 (36.4%) 8(42.1%) 6.623 0469
Met. Adeno 2 (18.2%) 5 (26.3%)
TB pl. effusion 1(9.1%) 2 (10.5%)
Para p. effusion 1(9.1%) 2(10.5%)
Mesothelioma 2 (18.2%) 0 (0.0%)
NHL 1(9.1%) 0 (0.0%)
Empyema 0 (0.0%) 1 (5.3%)
HF 0(0.0%) 1(5.3%)
Effusion duration (months) Median (IQR) 4(1-6) 2(1-3) —1.567 0117
Range 033-9 0.75-7
Amount drained Mean+£SD 142727 £405.19 116842 + 266.78 2115 0.043
6MWD Median (IQR) 150 (100 - 290) 200 (100-300) —0.389 0.697
Range 80 -360 60-450
FVC (L) Mean=+SD 1.65 +0.54 1.74 £047 —0.480 0.635
Range 093-2.64 0.94-2.52
FVC (%) Mean=£SD 4259+11.12 46.84 £10.80 —1.028 0313
Range 25-68 31.6-63
FEV, (L) Mean+SD 41 £051 143 £043 —0.126 0.901
Range 0.85-242 0.84-2.09
FEV, (%) Mean=£SD 4570+ 12.71 4599 £1224 —0.063 0.950
Range 27 -75.62 29.22-67.2

Adeno adenocarcinoma, Met. adeno metastatitc adenocarcinoma, TB. pl. effusion tuberculous pleural effusion, para p.effusion parapneumonic effusion, MWD minute
walk distance, FVC forced vital capacity, FEV, forced expiratory volume in the first second, FEF forced expiratory flow

Some studies have demonstrated significant improve-
ment after the removal of as little as 800 mL of pleural
fluid [14]. Uniform and slow withdrawal of the pleural
fluid is essential. The incidence of re-expansion pulmo-
nary edema is increased by the rapid removal of large
volumes of fluid. Finally, the inversion of a hemidi-
aphragm documented by chest sonography may explain
the discrepancy between previous studies [15, 16].

Others demonstrated that the PM (paradoxical move-
ment) group showed significant improvements in lung
function, gas exchange, and dyspnea following thoraco-
centesis, whereas the NPM (non-paradoxical movement)
group did not show any significant change in any param-
eter. The NPM group also had better lung function, gas
exchange, and dyspnea before thoracocentesis [17].

On a deep look for these improvements, we found
that there were no significant correlations between any
of these functional indices and the difference in the dia-
phragmatic excursion (excursion improvement after
thoracentesis) except in the amount of effusion which
was found to be negatively correlated with the improve-
ment in the diaphragmatic excursion. Also, no effusion-
related factors (type, duration, cause, side) were found
to be correlated to the improvement in a diaphragmatic
excursion. Different attributions could explain these non-
significant correlations; in the small sample size of this
study population, the etiology of pleural effusion as 73.3%
of patients had malignant pleural effusion that could
impair diaphragmatic excursion by more than benign
causes of pleural effusion. Also, other factors such as the
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rate of pleural fluid accumulation (almost all effusions
were exudates) and the amount of thoracic involvement
of effusions were mainly from 25 to 50%, only one case
showed a paradoxically moving diaphragm. Sometimes
when the amount of tapping exceeds 1L, rapid lung infla-
tion and re-expansion pulmonary edema with a larger
amount of tapped effusion are associated with an irrita-
tive cough that affects the voluntary diaphragmatic func-
tion and hence its excursion.

Different studies agree that the increase in lung volumes
is small and does not correlate [18] or poorly correlate
[14] with the amount of aspirated pleural fluid irrespec-
tive of whether the effusion is a transudate or exudate
[19]. Animal and human studies suggest that expansion
in the thoracic cage is the principal mechanism by which
extra volume is generated to accommodate the effu-
sion and helps preserve lung volumes. In anesthetized
dogs, infusion of saline inside the pleural cavity increased
thoracic cage volume by two thirds of the total volume
instilled but only reduced the functional residual capacity
(FRC) by one third of the total volume instilled [20, 21].

The increase in thoracic cage volume was achieved
mainly through the downward displacement of the dia-
phragm [21, 22]. In rats, bilateral pleural effusions also
increased both the anteroposterior and lateral rib cage
diameters [23]. Acute pleural effusions increase respira-
tory system elastance by increasing lung elastance, likely
via lung distortion and decreases in FRC. The effect of
pleural effusions on lung resistance is unclear. Pleural
effusions do not appear to alter chest wall elastance or
resistance [21, 23]. Our knowledge of the effect of effu-
sion on lung volume in humans comes mainly from
changes measured pre-thoracentesis and post-thora-
centesis. Although thoracentesis can improve the forced
expiratory volume in the first second (FEV1) vital capac-
ity [17, 23], the magnitudes of increase are highly vari-
able and often do not correlate with the volume of fluid
drained. The effect of thoracentesis on FEV1 and vital
capacity appears to be greater in patients with the para-
doxical movement of their hemidiaphragm [23]

This study had some limitations; in the small sample
of the study population, patients with pleural effusions
should be selected almost matched at least as regards
BM], etiology, and size of pleural effusions. Adding whole
lung volumes not only a spirometer will add accurate
assessment in relation to diaphragmatic assessment pre-
and post-thoracentesis.

Conclusion

Thoracentesis improves lung functions including spirom-
etry and 6MWD, but not all of these improvements after
thoracentesis were correlated to the improvement in a
diaphragmatic excursion.
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