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Abstract
Background: Pleural collections of the transudative type occur frequently in patients who need mechanical
ventilation (MV). Treatment of the etiology of the effusion takes a prolonged duration of time. The study intended
to assess the effect of transudative effusion drainage through chest tube on the process of weaning from MV.
Results: No statistically significant difference was found between the two studied groups regarding age, sex, and
comorbidities. Total duration of MV was significantly shorter in patients of group I compared with patients of group
II (P = 0.002). Successful weaning from MV within 2 days after the start of the study was statistically significantly
more achieved in patients of group I (56.7%) compared with patients of group II (23.3%) (P = 0.017). One and 3 days
after beginning of the study, patients in group I showed a significant improvement in oxygenation as demonstrated by
a statistically significantly higher value of PaO2/FiO2 ratio compared with patients of group II (P = 0.003 and 0.008,
respectively).
Conclusion: More work is needed to determine the physiological benefits of transudate pleural effusion drainage and
the effect of the specific procedure on the clinical parameters. Further studies are needed to study different modalities
or tools of drainage of transudate effusion and the effect of each on the different clinical outcomes in comparison with
each other to reach the optimum way of drainage of transudate effusion with the best results and least complications.
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Background

Methods

Context and purpose

Settings and design

Rarely, the pleura can be implicated as a causative agent
of respiratory system failure. However, it is frequently
affected in patients on mechanical ventilation (MV) [1].
Most transudative pleural effusions are caused by cardiac, renal, and hepatic failure and fluid therapy overload
[2]. These effusions clear with the use of diuretics and
proper medical treatment of the underlying disease, but
this would take a considerable duration of time [3].
Therefore, we aimed to study the effects of chest tube
drainage of these transudative pleural effusions on liberation from MV.

This observational study with simple randomization was
performed in respiratory ICU of the Chest Department
in Alexandria University Hospital in the period from
May 2018 to May 2019. This study included 60 patients
admitted to respiratory ICU, and they were mechanically
ventilated. They experienced transudative pleural effusion owing to any of congestive heart failure, renal failure, or hypoalbuminemia.
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Patients

Patients were randomly divided into two equal groups:
(1) Group I included 30 patients who were subjected
to standard care plus chest tube drainage, of
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whom 16 patients were males, whereas 14
patients were females.
(2) Group II included 30 patients who were subjected
to standard care only, of whom 16 patients were
males, whereas 14 patients were females.
This was an observational study. Simple randomization
was performed based on chance alone by which study
participants were assigned to a treatment group to
minimize the differences among groups by equally distributing people with particular characteristics among all
the trial arms. We did not know which treatment is
better.
Inclusion criteria were as follows: adult patients receiving invasive ventilatory support; transudate type of
pleural effusion confirmed by any imaging modality
(pleural ultrasonography) and biochemical analysis.
Exclusion criteria were as follows: loculated/encysted
effusions, empyema, and patients at the extreme points
of life who could not obey breathing instructions. Patients with thoracic deformities, patients with diaphragmatic pathology, patients with previous chest surgery,
and patients with pleural effusions who had absolute indications for drainage (e.g., empyema, hemothorax) were
also excluded.
The primary outcome was duration of ventilator support, and secondary outcomes included changes in
oxygenation.
All participants in this study or their relatives signed a
written consent, and the research was then approved by
the Ethics Committee Panel in the Faculty of Medicine,
Alexandria University.
Methods

A small-bore catheter or chest tube was placed under
ultrasound guidance by a senior intensivist. The effusion
was characterized as either transudative or exudative
using Light’s criteria [4, 5]. Patients with exudative effusions were excluded. A chest radiograph was obtained
immediately after the procedure. The amount of effusion
drained was estimated.
Statistical analysis
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owing to exacerbation of chronic obstructive pulmonary
disease, mostly secondary to bacterial infection; and cardiac decompensation were the primary diagnoses. There
was no statistically significant difference between the
two groups regarding age, with mean ± SD age of groups
I and II being 63.33 ± 7.317 and 63.03 ± 5.744 years, respectively (P = 0.988). No statistically significant difference existed between the two studied groups regarding
age, sex, and coexisting morbidities: congestive heart
failure, renal failure, and hypoalbuminemia (Table 1).
Duration of mechanical ventilation

There was no statistically significant difference between
the two groups regarding duration of MV support before
the start of the study, with 2.53 ± 1.008 and 2.10 ± 0.845
days, in groups I and II, respectively (P = 0.073). There
was a statistically significant difference between the two
groups regarding total duration of MV support, which
was statistically significantly shorter in patients of group
I (5.03 ± 1.066 days) compared with patients of group II
(6.17 ± 1.599 days) (P = 0.002).
Statistically significant more success in weaning from
MV within 2 days after start of the study was seen in patients of group I [n = 17 (56.7%)] compared with patients
of group II [n = 7 (23.3%)], with P = 0.017. Successful
liberation from invasive MV was considered when it occurred without failure of weaning and also in the absence of delayed reintubation. These later patients were
not considered successfully weaned.
Patients with delayed successful weaning—after 2 days
from removal of the transudative—were not also included,
Table 1 Comparison between the two groups regarding
demographic data
Group 1 [n (%)]

Group 2 [n (%)]

P value
0.988

Age
Minimum–maximum

50–79

51–74

Mean ± SD

63.33 ± 7.317

63.03 ± 5.744

Male

16 (53.3)

16 (53.3)

Female

14 (46.7)

14 (46.7)

Sex

Statistical analysis was performed with IBM-SPSS software
version 20. Categorical variables were described as number and proportions and continuous variables as mean
and SD. Differences between the two groups were tested
with the χ2 test or the Fisher exact test for categorical variables, and with the t test for continuous variables.

Renal failure

Results

CHF

Present

11 (36.7)

5 (16.7)

Absent

19 (63.3)

11 (83.3)

Present

13 (43.3)

13 (43.3)

Absent

17 (56.7)

17 (56.7)

1.000

Hypoalbuminemia

Demographic data of the studied population

Present

14 (46.66)

15 (50)

We found that ischemic cardiomyopathy; liver insufficiency; renal impairment; impending respiratory failure

Absent

16 (53.33)

15 (50)

CHF congestive heart failure

1.000
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because this weaning was not directly related to the procedure of removal of the effusion (Table 2).
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Table 3 Comparison between the two groups regarding PaO2/
FiO2
Group 1 [n (%)]

Group 2 [n (%)]

P value

Minimum–maximum

355–420

329–410

0.072

Mean ± SD

387.77 ± 15.489

372.57 ± 20.969

PaO2/FiO2

Comparison between the two groups regarding PaO2/
FiO2

Regarding baseline oxygenation index, there were no statistically significant differences between patients in
group I with PaO2/FiO2 ratio of 387.77 ± 15.489 compared with patients of group II, with PaO2/FiO2 ratio of
372.57 ± 20.969, with P = 0.072.
Regarding oxygenation index 1 day after study entry,
patients in group I showed statistically significant improvement in oxygenation as demonstrated by a statistically significantly higher value of PaO2/FiO2 ratio
(391.60 ± 14.578) compared with patients of group II
(377.93 ± 18.800), with P = 0.003. Regarding oxygenation
index 3 days after study entry, patients in group I
showed statistically significant improvement in oxygenation as demonstrated by a statistically significantly
higher value of PaO2/FiO2 ratio (394.40 ± 13.467) compared with patients of group II (383.07 ± 18.298), with
P = 0.008 (Table 3).
Comparison between the two groups regarding amount
of transudative pleural effusion

Ultrasonographically, pleural effusion volume can be estimated quantitatively or qualitatively. Qualitative estimations classify effusion as minimal, moderate, or
massive [6, 7], whereas a quantitative approach involves
the use of various formulae [8–11]. The ideal ultrasonographic formula for pleural effusion volume estimation
should be simple, accurate, and rapidly/easily performed.
Supine 1 (Eibenberger): EV ¼ 47:6X—837, where EV =
estimated effusion volume (ml) and X = maximum perpendicular distance between the pulmonary surface and
the chest wall at maximal inspiration (mm) with the
probe in the transverse position, perpendicular to the
chest wall.
Table 2 Comparison between the two groups regarding
duration of mechanical ventilation
Group 1 [n (%)]

Group 2 [n (%)]

P value

Duration of MV support before the start of the study [n (%)]
Minimum–maximum

1–5

1–4

Mean ± SD

2.53 ± 1.008

2.10 ± 0.845

0.073

Total duration of MV support
Minimum–maximum

3–7

3–8

Mean ± SD

5.03 ± 1.066

6.17 ± 1.599

0.002*

Weaning from MV within 2 days after start of the study [n (%)]
Yes

17 (56.7)

7 (23.3)

No

13 (43.3)

23 (76.7)

MV mechanical ventilation

0.017*

Baseline

1 day after study entry
Minimum–maximum

360–415

335–415

Mean ± SD

391.60 ± 14.578

377.93 ± 18.800

Minimum–maximum

365–416

345–418

Mean ± SD

394.40 ± 13.467

383.07 ± 18.298

0.003*

3 days after study entry
0.008*

Supine 2 (Balik): EV ¼ 20X, where EV = estimated effusion volume (ml) and X = maximum perpendicular
distance between the pulmonary surface and chest wall
at maximal inspiration (mm) with the probe in transverse position, perpendicular to the chest wall.
Thoracocentesis was then performed under ultrasound
guidance. A 28-Fr chest tube was inserted in the midaxillary line through the fifth intercostal space and connected to underwater seal drainage. Complete lung
expansion on radiography and less than 5 mm separation
of the pleural layers on ultrasonography were taken as
evidence of total drainage of the effusion. The drained
volume was then recorded as the total effusion volume.
No statistically significant differences existed between
the two groups concerning the amount of transudative
pleural effusions, with mean ± SD of 1–2.25 l and 1–
2.70 l in groups I and II, respectively, with P = 0.279.
Intercostal tube insertion was performed in group I
only, with mean ± SD duration of chest tube drainage of
3.00 ± 0.830 days.

Discussion
There was a statistically significant difference between
the two groups regarding total duration of MV support,
which was statistically significantly shorter in patients of
group I (5.03 ± 1.066 days) compared with patients of
group II (6.17 ± 1.599 days), with P = 0.002. Statistically
significant more successful weaning was seen within
2 days after start of the study in group I (56%) compared
with group II (23.3%). The volume of effusion drained
whether more or less than 500 ml did not affect significantly the duration of ICU stay in a study done by Roch
et al. [12].
Regarding oxygenation parameters, oxygenation index
1 day after study entry, patients in group I showed statistically significant improvement in oxygenation as demonstrated by a statistically significantly higher value of
PaO2/FiO2 ratio (391.60 ± 14.578) compared with patients of group II (377.93 ± 18.800), with P = 0.003.
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Regarding oxygenation index 3 days after study entry,
patients in group I showed statistically significant improvement in oxygenation as demonstrated by a statistically significantly higher value of PaO2/FiO2 ratio
(394.40 ± 13.467) compared with patients of group II
(383.07 ± 18.298), with P = 0.008.
On the contrary, great variability was noted regarding
different aspects such as the time of gas exchange evaluation, volume of fluid drained, adjustments of ventilator
settings, and the measured value in oxygenation after
pleural drainage. A meta-analysis demonstrated an 18%
improvement in the P:F ratio after thoracentesis, corresponding to an increase of 31 mmHg. Different possible
predictors of improved oxygenation after thoracentesis
are suggested by several studies. In a study done by Roch
et al. [12] involving 44 patients, it was found that the
increase in the oxygenation ratio correlated with the
amount of effusion drained (r = 0.5, P = 0.01) in those
patients with pleural effusions more than 500 ml in size
(n = 24). In another study done by Talmor et al. [13] including 19 patients, no relationship between oxygenation
change and the amount of effusion drained was detected.
In a multivariate analysis by De Waele et al. [14] on 24
patients, a P:F ratio of value less than 180 mmHg was
the main independent predictor of improved P:F ratio
after pleural effusion aspiration. They concluded that
there is no sure level of data to advice for or against
draining pleural fluids in mechanically ventilated patients searching for amelioration of major clinical parameters like mortality, length of MV, and ICU or
hospital stay.
Significant clinically relevant hypoxemia does not
occur in cases of small to moderate effusions owing to
the effect of chest wall compliance and diaphragm lowering that can accommodate this extra fluid [15–19]. Decreased chest wall compliance or larger amounts of
effusion lead to extensive lung collapse with resultant
frank relevant hypoxemia owing to shunt effect [20, 21].
Thus, re-expansion of collapsed lung over 24 h—up to
several weeks—following aspiration of pleural fluids can
improve hypoxemia [22, 23].
One study [12] found marvelous amelioration in oxygenation with drainage of effusions when including patients
whose hypoxemia was not responsive to high positive endexpiratory pressure. This approach uncovers those patients
with diminished chest wall or abdominal compliance who
are expected to benefit from pleural fluid drainage [24]. In
addition, the administration of high positive end-expiratory
pressure can enhance and accelerate recruitment of collapsed lung after removal of the effusion. Accumulation of
pleural fluid decreases respiratory system compliance,
which is why removal of this fluid restores normal mechanics of the respiratory system and facilitates weaning from
MV. Two uncontrolled studies [13, 25] found only minor
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improvements in compliance after effusion drainage, and it
is questionable whether these changes can fasten liberation
from MV.
More extensive work is needed to determine the
physiological benefits of pleural effusion drainage, the effect of the specific procedure on the clinical parameters,
and the criteria of patients who would benefit the most
from these therapeutic modalities. The advantages of removing pleural collections in mechanically ventilated patients are different from one study to another [26–30].
The discrepancy and variability in volume of pleural effusion drained may explain some of these differences
among various studies. Moreover, none of the previous
studies assessed lung volumes; however, improvements
in oxygenation after effusion drainage may depend on
the re-expansion of collapsed and improperly aerated
lung regions, leading to amelioration of ventilationperfusion matching in these areas and abolishing arteriovenous shunting.
In a study [30], oxygenation ratio improvement was
significantly related to the increase in end-expiratory
lung volume, but not to the amount of effusion drained.
The main clinical importance of this study is that when
a pleural effusion is large (> 500 ml using ultrasonography, i.e., an end-expiratory interpleural distance > 25
mm), effusion drainage is highly expected to improve
oxygenation indices and respiratory mechanics, including lung volumes, which could help to reduce the load
posed on the lung by a given ventilatory regimen [24].

Conclusions
More work is needed to determine the physiological
benefits of transudate pleural effusion drainage and the
effect of the specific procedure on the clinical parameters. Further studies are needed to study different modalities or tools of drainage of transudate effusion and
the effect of each on the different clinical outcomes in
comparison with each other to reach the optimum way
of drainage of transudate effusion with the best results
and least complications.
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