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Understanding Clinical and Etiologic Profile of Pleural Effusions in
Critically Ill Patients: A Cross-Sectional Study from North India.
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Abstract

Background: Pleural effusion may be a presenting compliant or may develop post admission, recognizing the cause and initiating
appropriate treatment can have a substantial impact on the prognosis and outcome, particularly in critically ill or mechanically ventilated
patient. Aim: The study aimed to document the variety of causes of Pleural Effusion in North India in ICU patients. Methods: A cross-
sectional study focused on 70 patients admitted to the medical ICU who presented with clinical and/or radiographic evidence of pleural
effusion. Results: Nearly 22% of the patients had pleural effusion, with tuberculosis infections as the most common cause and interestingly,
5.7% of cases remained undiagnosed. Conclusion: In ICUs, pleural effusions are common and infections, particularly tuberculous pleural
effusion, were the primary contributors, followed by parapneumonic effusions and heart failure. Our study highlights the importance of early
identification and appropriate management of pleural effusions in ICU patients.
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Introduction

Pleural effusion isacondition where an excessive buildup of fluid
in the pleural space results from an imbalance between fluid
production and its removal. This condition is classified into two
main categories. transudative and exudative effusions, and Light’s
criteria commonly used to differentiate between these two types
of effusions [1]. In the ICU, most pleural effusions result from
pulmonary and organ system disordersrather than primary pleural
issues, with causes including infections like pneumonia and
tuberculosis, heart failure, fluid overload due to conditions such as
hypoalbuminemia, aggressive intravenous fluid administration,
acute kidney injury, and positive pressure ventilation [2,3].
Numerous studies have reported asignificant occurrence of pleural
effusionsincritically ill individualsreceiving mechanical ventilation,
with prevalence rates varying widely and reaching as high as 50%
to 70% in certain studies [4]. The presence of pleural effusion can
have asubstantial impact on the prognosisand outcome, particularly
incritically ill or mechanically ventilated patient. Thereis paucity
of Indian dataon etiological profile of effusioninICU settings. We
conducted across-sectional study with aspecific focuson analysing
the clinical and etiological characteristics of pleural effusionsin
patients within the ICU.

Material and Methods
This cross-sectional study was conducted at ICU, CCU and RICU

of SGT Medical Collage and Hospital, Gurugram Haryana over a
period of 18 months

Patient Selection

This cross-sectional study focused on 70 patients admitted to the
medical 1CU who presented with clinical and/or radiographic
evidence of pleural effusion and met the specified selection criteria.

Inclusion criteria encompassed patients admitted to the ICU with
evidence of pleural effusion, those with aspirable effusions, and
individuals providing informed written consent. Conversely,
exclusion criteriacomprised patientswith hemodynamic instability,
small unaspirable effusions, and severe homeostatic abnormalities
(platelets < 50,000/ul, INR > 2, or APTT more than twice the
control). Of the 70 patients, 60 patients presented with effusion
on the day of admission, while 10 patients developed effusion
after admission.

Procedure for assessing and managing pleural
effusion

Clinical Assessment

The presence and | ocation of pleural effusion wasinitially assessed
clinically, based on history and physical examination.

Imaging confirmation

Confirmation of pleural effusion was then done using various
imaging techniques, including Chest X-ray, Chest ultrasound, and
in some cases, a CT scan of the chest. These imaging methods
helped visualize the extent and location of the effusion.

Contents of the journal except advertisements are protected under Indian and International copyrights. No part of the journal shall be reproduced or transmitted in any
form or by any means including electronic, mechanical, photocopying and microfilm without prior permission from the Editor-in-chief. However, individual researchers,
medical students and practicing doctors are permitted to photocopy or print single articles for non-profit activities such as teaching, research and health education
provided the number of copies do not exceed 5. JIMSA subscribes to the ethical standards of medical publishing promulgated by International Committee of Medical
Journal Editors (ICMJE) and World Association of Medical Editors (WAME). JIMSA periodically changes its policies in resonance with updates of these organizations.

Updated policies of these organizations can be accessed from WAME: http://www.wame.org

ICMJE: http://mww.icmje.org



Gaurav et.al.
Clinical & Etiologic Profile of Pleural Effusions

279

J Int Med i Acad
2023; (July-September); Vol 36; No. 3

Thoracentesis

If pleural effusion was confirmed and required intervention,
thoracentesis was performed. The procedure was done with the
patient in an upright and slightly leaning forward position (with
arm support) or in asupine position for patients who could not sit
or were on ventilator support.

Aseptic Precautions

The procedure was performed with strict aseptic precautions to
minimize the risk of infection. This included sterilizing the area
and using sterile equipment.

Local Anaesthesia
Local anaesthesia, typically in the form of lidocaineinjection was

administered to numb the areawhere the needle wasto be inserted.
This hel ped minimize discomfort during the procedure.

Needle Placement
A large-bore needle-catheter device, typically intherange of 16 to
19-gauge, was used for thoracentesis. The needlewasinserted at a

specific location, which is typically the upper border of arib one
intercostal space below the fluid level in the midscapular line.

Fluid Aspiration

The needle was advanced with periodic aspiration until it pierced
the parietal pleuraand reachesthe pleural fluid. This step ensured
that the fluid was safely accessed.

Catheter Use

After accessing the pleural fluid, the needle was removed, and a
catheter was used to withdraw the pleural fluid. This technique

helped reduce therisk of pneumothorax (apotential complication.)
Therapeutic Thoracentesis

In caseswhereindicated, therapeutic thoracentesis was performed
to remove a significant amount of pleural fluid, which helped
alleviate symptoms and improve lung function.

Fluid Sample Collection

All pleural fluid sampleswere collected under aseptic conditionsin
a sterile container. These samples were then immediately
transported to the laboratory for further testing and analysis.
Diagnostic criteria for classifying the causes of
pleural effusions into various categories

After confirmation of pleural fluid viaclinical, radiol ogical methods,
pleural aspiration as described was done.

The results were initially divided into two broad categories
depending on Lights Criteria

1 Exudative

2) Transudative

Light's Criteria are used to determine whether a
pleural effusion is exudative or transudative.

Satisfying any ONE criterium meansit is exudative:

° Pleural Total Protein/Serum Total Protein ratio > 0.5

° Pleural lactate dehydrogenase/ Serum lactate dehydrogenase
ratio> 0.6

o Pleural |actate dehydrogenase level > 2/3 upper limit of the

laboratory’ sreferencerange of serum lactate dehydrogenase.

After this the fluid was further analysed to reach an etiology as
described below:

Table1: Analysisof pleural effusion.

Test Test Value Suggested Diagnosis
Lactate dehydrogenase (LDH) > 2/3 of upper limit of normal Exudate
LDH Fluid/LDH Serum serum LDH
Protein Fluid/ Protein Serum > 0.6
>0.5
Cell count and differential
+ Red cells >100.000 per mm? Malignancy, infection, pulmonary
embolism (PE), trauma

+ White cells >10.000 per mm? Empyema, other exudates

- Neutrophils >50% Parapneumonic, PE,

- Lymphocytes > 50% abdominal cause TB, malignancy,

PE, Heart Surgery
Cytology Neoplastic cells present Malignancy
Adenosine deaminasa (ADA) >40 U per L Tuberculosis (90%)
pH <72 Empyema,
complicated parapneumonic
Glucose < 60 mg/dl Complicated parapneumonic,
Empyema, TB, rheumatoid arthritis

Stains and cultures*
Ziehi and Lowestein Positive Tuberculosis
Gran stain Positive Bacterial pneumonia
Aecrobic/anaerobic cultures Positive Bacterial pneumonia

*ifinfectious origin is suspected
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Tuberculous Pleural Effusion

This type of effusion was usually associated with tuberculosis
(TB) and ischaracterized by subacute or acute symptoms, including
fever and breathlessness. It tends to be unilateral and may be
associated with pulmonary infiltrates. Key diagnostic features
include apredominantly lymphocytic cell count inthe pleural fluid,
ahigh adenosine deaminase (ADA) level (€” 40), positive acid-fast
bacilli (AFB) culture in fluid, or the presence of granulomas on
pleural biopsy. Response to anti-TB treatment (ATT) can also
support this diagnosis.

Heart Failure-Related Pleural Effusion

Effusionsrelated to heart failure aretypically associated with clinical
signssuch asjugular venous distention, S3 gallop heart sound, and
basilar crackles. Chest radiographs may show cardiomegaly and
bilateral alveolar edema, often with bilateral effusions. The pleural
fluid is transudative in nature. Abnormal findings on
echocardiography can further support this diagnosis.

Parapneumonic Pleural Effusion

These effusions are associated with pneumonia and were
characterized by fever and new localized pulmonary infiltrates.
There was usually a clinical or microbiological confirmation of
pneumonia, and the effusion can be ipsilateral to the pneumonia
site. It could also present as free-flowing or loculated.

Fluid Overload due to Acute Kidney Injury
Patients with acute kidney injury may develop pleural effusionsas
part of generalized fluid overload. Clinical signsinclude edemaand

basilar crackles. Chest radiographs often show bilateral effusions,
and the pleural fluid is transudative.

Atelectasis-Related Pleural Effusion

Effusions related to atelectasis was associated with specific chest
radiograph findings, such as plate-like changes, volume loss, and
small ipsilateral effusion. Rapid resolution of the fluid with the
resolution of atelectasisis akey feature.

Hypoalbuminemia-Related Pleural Effusion

Transudative effusions can occur in patients with serum abumin
levelsbelow 2.5 g/dL.

Empyema

Empyemais characterized by pleural fluid with pus or compatible
pleural fluid chemistries. Positive pleural fluid Gram stain or culture
can confirm the diagnosis.

Malignant Pleural Effusion

A cytological examination that is positive for malignant cells
confirmsamalignant pleural effusion.

Hemothorax
The presence of blood during thoracentesisindicates ahemothorax.
Uremic Pleural Effusion

Patientsreceiving long-term hemodialysis may develop aunilateral
effusion that resolves with continued dialysis and without another
identified cause.

Liver Abscess-Related Pleural Effusion

Clinical, laboratory, and imaging evidence of aliver abscess, along
with an exudative pleural effusion, supports this diagnosis. The
effusion typically resolves as the liver abscess is treated.

Rheumatoid Arthritis-Related Pleural Effusion

When there are exudative pleural effusionsinindividualsdiagnosed
with rheumatoid arthritis and no other identifiable causeis present,
these effusions can be attributed to the rheumatoid arthritis itself.
Pleural fluid is categorized as exudative when it satisfies any of the
following conditions: a pleural fluid protein/serum protein ratio
higher than 0.5, apleural fluid lactate dehydrogenase (LDH)/serum
LDH ratio greater than 0.6, or a pleural fluid LDH level that
surpasses two-thirds of the upper limit.

After classifying the pleural fluid as either exudate or transudate,
further diagnostic tests and clinical evaluation can help pinpoint
the specific cause, guiding appropriate treatment. The classification
is crucial as it helps narrow down the differential diagnosis and
informs the next steps in patient management.

Satistical Analysis

The analysis of datawas conducted utilizing SPSS software (IBM
Corp, Armonk, NY, USA; version 20.0). Continuous variables that
followed anormal distribution were compared using the ttest, while
non-normally distributed continuous variableswere examined using
the Mann-Whitney U test. For categorical variables, the chi-square
test or Fisher’'s exact test was employed for assessment.

Results

Over the course of 18 months, our research study included 70
patients who were diagnosed with pleural effusion, comprising
22.5% of atotal of 310 admissionsto theintensive care unit (ICU).
Among the study participants, 52% were male, and a significant
portion of the group (35%) were in the age range of 60 to 70 years,
with amean of 50.12 years (SD 9.10).

The study’s results indicated that tuberculous infections were the
most common cause of pleural effusions (28.6%), followed by
heart failure (11.4%), parapneumonic conditions (11.4%),
malignancy (7.1%), fluid overload secondary to AKI (7.1%),
atelectasis (5.7%), and various other miscellaneous causes (18%).
Interestingly, 5.7% of cases remained undiagnosed. During their
hospitalization, 30% of patients required mechanical ventilation,
and nine patients (12.8%) died during the study period.

A significant portion of patients (57.2%) required |CU admission
primarily because of hypoxic respiratory failure. Other factors
leading to |CU admission included AKI in 18.5% of cases, shock in
14.3% and cardiogenic pulmonary edemain 10%.

Cause of ICU admission

Cardiogenic pulmonary edema - 10

shock [ 43

0 10 20 30 40 50 60 70
Figure 1: Reason for admission to intensive care unit (in
%) (N=70).
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Cause of ICUAdmission

On an average, therewas atime gap of 2.2 days between admission
to the Medical ICU and the actual thoracentesis procedure, with a
median duration of 2.5 days. This timeframe ranged from 2 to 5
days. Among the patients, 30% necessitated initial diuretic treatment
(sever respiratory compromise: Respiratory rate >40/min, SPO2
<85% on RA, respiratory acidosis), and 27% required vasopressor
support (hypotension BP <90mm Systolic, MAP <60, peripheral
oedema, shock).

Additionally, at the time when thoracentesis was performed, 34%
of the patients were under mechanical ventilation.

Regarding the nature of the effusions, 60% were unilateral, while
40% were bilateral. The majority of exudative effusions were
unilateral (80%), whereas most transudative effusionswere bilateral
(85%). Among bilateral effusions, heart failure wasthe most common
cause (25%), followed by parapneumonic effusion and fluid overload
due to acute kidney injury AKI (Table 2).

Pleural effusion was present in 85% of patients upon admission,
while 15% developed it during their hospital stays. Among those
that developed during the hospital stay, 90% were transudates, and
10% were exudative (parapneumonic). Among the transudative

effusionsthat devel oped during | CU stay, the causesincluded heart
failure, atelectasis, and hypoal buminemia(Table 2).

Out of the total patient population, 12.8% (9 individuals) had died
during the study. Six of these patients had exudative effusions,
while three had transudative effusions. Five of the deceased
succumbed to infections (three with tuberculous empyema and
two with severe sepsis), and four died due to heart failure and
cardiogenic pulmonary edema.

Most pleural effusions (77%) were classified as exudative, while
23% weretransudates. Among exudative effusions, 70% wererelated
to infections, with tuberculosis being the most common cause
(35.2%), followed by parapneumonic effusion (14.8%).
Transudative effusions were primarily caused by heart failure
(31.2%), followed by acute kidney injury (25%) and atelectasis
(18.7%).

Infectious exudates encompassed conditions such astuberculosis,
parapneumonic effusion, empyema, and liver abscess, while non-
infectious exudatesincluded malignancy, hemothorax, heart failure,
rheumatoid arthritis, and uremic effusion. Out of thetotal effusions,
48.6% were of infectious nature, and 45.7% were non-infectiousin
origin.

Table 2: Causeof pleural effusion-etiology (n-70)

N (%)
Cause of effusion Total Number of  Bilateral Unilateral Exudate  Transudate
patients (N=70) (N=28) (N=42) (N=54) (N=16)
Tuberculous 20 (28.6) 1(3.5) 19(45.2) 19 (35.2) 1(6.3)
Heart Failure 8(11.4) 7(25) 1(2.4) 3(5.5) 5(31.2)
Uncomplicated Para- pneumonic 8(11.4) 4(14.3) 4(9.5) 8(14.8) 0
AKI 5(7.1) 4(14.3) 1(2.4) 1(1.8) 4(25)
Malignancy 5(7.1) 2(2.9) 3(7.1) 5(9.3) 0
Empyema 34.3) 0 3(7.1) 3(5.5) 0
Atelectasis 4(5.7) 2(2.9) 2(4.7) 1(1.8) 3 (18.7)
Hypoalbuminemia 2(2.9) 1(3.5) 1(2.4) 0 2(12.5)
Uremic pleurisy 2(2.9) 1(3.5) 2(4.7) 3(5.5) 0
Renal failure (dialysis) 1(1.4) 1(3.5) 0 1(1.8) 0
Liver Abscess 3(4.3) 1(3.5) 2(4.7) 3(5.5) 0
Hemothorax 3(4.3) 1(3.5) 2(4.7) 3(5.5) 0
Rheumatoid Arthritis 2(2.9) 1(3.5) 1(2.4) 2(3.7) 0
Undetermined 4(5.7) 3(10.7) 1(2.4) 3(5.9) 1(6.3)
NUMBER OF PATIENTS ) ]
Discussion

B Unknown

H Rhumatoid Arthritis
i Haemothorax
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Figure?2: Causesof pleural effusion (in %).

Pleural effusions are a frequent occurrence among patientsin the
ICU, but they are seldom aresult of primary pleural conditions.
Various factors comeinto play when it comes to the devel opment
of pleural effusions in ICU patients. These effusions can
significantly impact the well-being of ICU patients by hampering
gas exchange and influencing respiratory mechanics. Therefore,
investigating the causes of pleural effusionsand understanding the
complex factors involved can contribute to the enhanced
management of these patients.

Thereisalack of comprehensive research on pleural effusionsin
thelCU, especialy in Indiawhere these effusionsare prevalent. In
our investigation, we observed that infections were the primary
culpritsbehind pleural effusions, accounting for 48.6% of all cases.
Theseinfections encompassed tubercul osis (28.6% of all effusions),
parapneumonic effusions (11.4%), empyemas (4.3%), and liver
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abscess-related effusions (4.3%).

Interestingly, two prior studiesyielded conflicting results. Mattison
et a [5], conducted in South Carolina, USA, reported that most
effusions were non-infectious in origin (82%), with heart failure
(35%) and atelectasis (23%) being the primary contributors. In
contrast, Fartoukh et al [6], conducted in Paris, France, found that
infectious causes accounted for 43% of all effusions, making it the
leading cause in their study. Epidemiological factors may play a
roleinthevariation of etiologiesobserved in patients from different
parts of the world. Developed countries like the USA and France
tend to have lower incidences of infections compared to India.
India, being a tropical country with factors such as rapid
urbani zation, high prevalence of malnutrition, and overcrowding, is
more susceptible to increased incidence and spread of infections.
Therearevery few studiesfrom India, that have focused on pleural
effusionsin the ICU.

The study conducted by Chinchkar et a [7] in 2015 highlighted
that infections were the predominant cause of effusions in their
respiratory 1CU, accounting for 36% of cases, with parapneumonic
effusions (22%) and tuberculosis (14%) being the primary
contributors. However, it'simportant to note that the limitation of
their study wasthe exclusive focus on patients from the respiratory
ICU, which could impact the generalizability of their findings.

In contrast, our study included patients from all ICU settings,
providing a more comprehensive perspective on the etiologies of
pleural effusions. In our study, tuberculosis emerged as the most
prevalent cause of pleural effusion, accounting for 28.5% of all
cases. It was closely followed by heart failure and uncomplicated
parapneumonic effusions, both contributing to 11.4% of the total
cases. Malignant pleural effusionsand volume overload dueto AKI
followed at 7.1%. Comparatively, in a 2015 Indian study by
Chinchkar et a [7], malignancy emerged as the major cause of
effusions (24%), followed by parapneumonic effusions (22%), CHF
(18%), and tuberculosis (14%). Furthermore, a more recent Indian
study conducted by Siddiqui et a [8] in 2016 reported that tubercular
effusion was the most common (64.6%), followed by
parapneumonic effusions (14.6%) and malignancy-rel ated effusions
(11.5%).

Likewise, another Indian study conducted by Raghavan et al., [9]
found that the leading cause of pleural effusion was Tuberculous,
followed by malignancy. These findings underscore the variability
in the causes of pleural effusions among different patient
populations, highlighting the importance of considering various
factors when studying this condition.

In general, most studies identify infectious causes as the primary
culprits behind pleural effusions in the ICU. Western literature
often highlights the prevalence of parapneumonic effusions, while
in India, tuberculosis plays a significant role in contributing to a
substantial number of cases. Unlike Western countries, tuberculous
pleural effusion is notably common in India, and it remains the
leading cause of pleural effusion even in the absence of evident
pulmonary disease. Additionally, effusionsresulting from congestive
heart failure (CCF) are frequent occurrencesin ICU settings.

Patientsin our study ranged from 19 years to 82 years of age with
amean age of 50.12 years. Majority of the patients were in the age
group of 60-70 years (35%) followed by 31-40 years (17%). The
results were consistent with study in South Carolina, USA by
Mattison et a [5], demonstrated that during ICU stay majority of
patientswith PE were older. In Hyderabad, Indiaastudy by Reddy
et a.,[10] showed that the mean age of the study population was
48.8 years. In another Indian study conducted by Raghavan et al.

[9], atotal of 100 patients were included, and most of them were
male. The patientswere primarily within the age range of 30 to 60
years, with an average age of 46.49 years and astandard deviation
of 13.5 years.

AdmissionstothelCU are seldom primarily dueto pleural diseases.
In our study, the most common reason for admission to the ICU
was hypoxic respiratory failure, accounting for 57.2% of cases,
making it the predominant indication for ICU admission. Other
causes included AKI, septic shock, and cardiogenic pulmonary
edema. Similarly, previous studies by Mattison et al., [5] and
Chinchkar et a., [7] also identified hypoxic respiratory failure as
theleading cause of admission to the ICU, followed by shock and
cardiovascular disorders.

Bilateral transudative pleural effusions are most frequently
associated with conditions such as CCF, liver cirrhosis, renal failure,
and hypoalbuminemia[11]. In our study, the most common cause
of bilateral pleural effusion was heart failure (25%), followed by
parapneumonic effusions (14.3%) and AKI (14.3%). Thisfinding
alignswith observationsfrom Mattison et a. [5] and Chinchkar et
al., [7] where heart failure was al so identified asthe most common
cause of bilateral transudative effusions. On the other hand, the
most common cause of unilateral effusion in our study was
tuberculosis (45.2%), followed by parapneumonic effusions (9.5%).

Out of the 70 patients in our study, 60 had pleural effusion at the
time of admission (85.7%), while ten patients developed it during
their hospital stay (14.3%). Among these ten effusions that
developed during the hospital stay, three were caused by heart
failure, two by parapneumonic effusions, one by AKI, two by
atelectasi s, and one each by hypoal buminemiaand uremic effusion.

A previous study by Chinchkar et al.,[7] reported that 88% of
effusions were preexisting at the time of admission. In our study,
there were atotal of 9 deaths out of 70 patients (13%). Five died
from infection-related causes, including three with tuberculous
empyema and two with severe sepsis. Four died due to heart
failure and cardiogenic pulmonary edema. Importantly, none of
the deaths occurred directly asaresult of pleural disease. Mattison
et a., [5] observed a 16% mortality rate in their study, while
Chinchkar et al., [7] reported a mortality rate of 28% in their
research.

Conclusion

In ICUs, pleural effusions are common, and our study aimed to
identify their main causes. Infections, particularly tuberculous
pleural effusion, was the primary contributors (28.6%), followed
by parapneumonic effusions and heart failure (both 11.4%).

While most were common and with obvious etiology and were
identified and managed, we should also be open to presence of
other conditions like Malignancy and AKI (7.1%),
Hypoalbuminemia (2.9%), Rheumatoid Arthritis (2.9%),.
Availability of good radiology, biochemistry, pathology and
microbiology labsare of utmost importancein early diagnosisand
treatment. Despite our best efforts 5.7% were undiagnosed due to
variouslimitation.

Most pleural effusions (88%) were the presenting finding during
ICU admission, but many did develop effusion during their stay in
the ICU, hence emphasis should be paid on daily assessment and
more frequent radiology assessment in sick patients or those on
ventilatory support. Mean age of admission was 50.12 years, and
with a growing geriatric population this number will increase in
comingtime.

Although our sample size and study were in a relatively small
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group of people the findings are consistent with other studies
conducted so far, our clinical features are more due to infective
diseases vis-a-vi others. In summary, our study highlights the
importance of early identification and appropriate management of
pleural effusionsin ICU patients. By considering early screening,
regular follow up of patient and education of healthcare teams can
enhance the care and prognosis of patients with pleural effusions
in the ICU setting.
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