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  Background: Pleural effusion is a common and important problem in the intensive care unit (ICU). However, only 

few studies have focused on the etiology of pleural effusion in the ICU. The aim of this study is to elucidate the 

etiology of pleural effusion in ICU patients in a tertiary care hospital.

  Methods: Patients with pleural effusion in the medical ICU (MICU) and in the emergency ICU (EICU) were 

studied retrospectively from January 1, 2006 to December 31, 2009. The etiology and profile of pleural effusion 

were analyzed.

  Results: Of 1,592 patients admitted to the MICU and EICU during the study period, 78 patients (4.8%) under-

went thoracentesis. The mean age was 66.8 ± 13.3 years, and 52 (66.7%) were men. Parapneumonic effusion 

(32/78, 41%) was the leading cause of all effusions; malignancy- and heart failure-related effusions accounted for 15 

(19.2%) and 14 (17.7%) cases, respectively. Fifteen patients (19.2%) had tube insertion after thoracentesis; in these 

patients, parapneumonic effusion or empyema was the most common reason for drainage (9/15, 60%). Pneumothorax 

developed after thoracentesis in 2 patients.

  Conclusions: Diagnostic thoracentesis was performed in 4.8% of patients admitted to the ICU; one-fifth of these 

cases required therapeutic drainage. Parapneumonic effusion was the most common cause of pleural effusion in the 

ICU in this study. 
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INTRODUCTION

  Pleural effusion is encountered commonly in critically ill pa-

tients in the intensive care unit (ICU). The incidence of pleu-

ral effusion varies between studies and has been reported as 

8?50%.[1,2] Use of a ventilator, excessive fluid therapy, and 

malnutrition can lead to the development of pleural effusion in 

ICU patients. The etiological detection of pleural effusion is 

important in treating ICU patients because the treatment strat-

egy depends on the cause. And it can help improve the out-

come in ICU patients.[2]

  Despite the importance of pleural effusion, only few studies 

have focused on the etiology of pleural effusion in the ICU. 

In this study, we examined the etiological distribution of pleu-

ral effusion in ICU patients in a tertiary care hospital in 

Korea. 

MATERIALS AND METHODS

  Patients in a medical ICU (MICU) or emergency ICU 

(EICU) from January 1, 2006 to December 31, 2009 in Seoul 

National University Hospital were studied retrospectively. Only 

the patients who underwent thoracentesis were included for the 

accurate etiologic detection. All patients were ≥18 years of 

age. The total number of ICU beds was 34 beds (22 beds in 

the MICU and 12 beds in the EICU). Patients admitted for 
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elective ICU for a procedure or operation, those with an ICU 

stay ＜24 h, and those with traumatic pleural effusion were 

excluded.

  The data collected were (1) baseline characteristics: age, sex, 

primary reason for admission to the ICU, hemodynamic param-

eters, comorbidities; (2) characteristics of pleural effusion: size, 

color, amount, bilateral or unilateral, pleural fluid laboratory 

findings, time from ICU admission to thoracentesis; and (3) 

thoracentesis complications and mortality. 

  The chest radiograph was checked for all patients at the 

time of ICU admission. An obliterated costophrenic angle or 

obscured lower lung field was defined as a small effusion; 

opacification of the lower and middle lung was defined as a 

moderate effusion; and opacification of the whole lung was 

considered a large effusion. Ultrasound-guided thoracentesis was 

performed for therapeutic or diagnostic needs such as evalua-

tion of fever focus, detection of the cause of pleural effusion, 

improvement of lung compliance.

  Exudates and transudates were defined according to Light’s 

criteria,[3] as follows: pleural fluid protein/serum protein ratio 

＞0.5, or pleural fluid LDH/serum LDH ratio ＞0.6, or pleural 

fluid LDH concentration higher than two-thirds of the upper 

limit of the normal serum LDH concentration (200 IU/L). The 

serum-pleural fluid albumin gradient result was not available 

because of lack of pleural albumin data. 

  The cause of pleural effusion was diagnosed in accordance 

with the following criteria.

  Heart failure: cardiomegaly or bilateral effusion identified on 

the chest radiograph or abnormal echocardiography findings.[4]

  Atelectasis: effusion caused by the collapse of lung tissue.

  Parapneumonic effusion: any pleural effusion secondary to 

pneumonia or lung abscess.

  Empyema: pus or positive pleural fluid identified by Gram 

staining or culture in pleural effusion.[5]

  Malignant effusion: pleural cytology positive for malignant 

cells, or if the cytology was negative, clinically malignant ple-

ural effusion was strongly suspected.[6]

  Hepatic hydrothorax: pleural effusion in a patient with liv-

er cirrhosis.

  Pancreatitis or hepatobiliary infection-related effusion: ple-

ural effusion associated with intra-abdominal infection.

  Pulmonary thromboembolism: obstruction of a blood vessel 

in the lungs, usually because of a blood clot.

  Hemothorax: blood in the pleural cavity.

  Unknown: pleural effusion whose cause was not established.

1) Statistics

  Quantitative variables are expressed as mean ± standard de-

viation (SD), and qualitative variables as numbers and percen-

tages. Differences between independent variables were assessed 

by t-tests for quantitative data and chi-square tests for qualitative 

variables. All statistical analyses were performed using the Sta-

tistical Package for Social Sciences (SPSS) for Windows, ver-

sion 19.0 (SPSS Inc., Chicago, IL, USA). A two-tailed p value 

＜0.05 was considered significant.

RESULTS

1) Baseline characteristics

  Of 1,592 patients admitted to the ICU during the study peri-

od, 78 (4.8%) patients who underwent diagnostic thoracentesis 

were included. Forty-nine and twenty-nine patients admitted to 

MICU and EICU respectively. The patients of surgical ICU were 

excluded. Fifty-two (67%) were men and twenty-six (33%) were 

women. The mean age of all patients was 66.8±13.3 years. 

The mean duration of the ICU stay was 28.6 ± 21.4 days. The 

Acute Physiology and Chronic Health Evaluation (APACHE) II 

score at the time of admission was 21.3 ± 6.9.

  The demographic features of the 78 patients are summarized 

in Table 1. Malignancy was the most common associated dis-

ease and accounted for 39 patients (50%). Hematological ma-

lignancy was noted in 18 patients (46%) and a solid tumor in 

21 (54%) patients. Various causes had led to the patients’ ad-

mission to the ICU (Table 1). The most common cause of ad-

mission was respiratory disorder (50/78, 64.1%), followed by 

cardiovascular disorder (10/78, 12.8%), sepsis (9/78, 11.5%), 

and gastrointestinal disorder (3/78, 3.8%). Forty-two of the 50 

(84%) patients with respiratory failure had been admitted for 

pneumonia. The cause of admission was not different accord-

ing to the type of ICU and pneumonia was the most common 

cause.

2) The etiology and characteristics of pleural effusion

  All 78 patients underwent ultrasound-guided thoracentesis. 

Table 2 lists the etiology of pleural effusion in all patients. 

Pleural fluid was obtained in 74 of the 78 patients who under-

went thoracentesis. In 4 cases, the fluid sample was of poor 

quality and could not be analyzed, and we assumed the etiol-

ogy of these 4 according to our clinical judgment. Parapneu-

monic effusion (32/78, 41%) was the leading cause of effu-

sion, followed by malignancy (15/78, 19.2%) and heart failure 
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Table 3. Etiology Distribution Depending on Exudate and Transudate 

(n = 74*)

Etiology Transudate Exudate

 Heart failure     12 (50)      2 (6.0)

 Atelectasis      0 (0)      1 (2.0)

 Parapneumonic effusion      6 (25)     24 (48.0)

 Empyema      0 (0)      4 (8.0)

 Hepatic hydrothorax      1 (4.2)      1 (2.0)

 Malignancy      2 (8.3)     12 (24.0)

 Pancreatitis-related effusion      1 (4.2)      2 (4.0)

 Hemothorax      0 (0)      2 (4.0)

 Unknown      2 (8.3)      2 (4.0)

 Total     24 (100)     50 (100)

*Data are presented as number of patients (%); data were not 

analyzed for4 patients because of poor sample quality.

Table 1. Clinical Characteristics of ICU Patients with Pleural 

Effusion (n = 78)

Characteristics Data

Baseline vital signs and characteristics at MICU admission

 Age (years)         66.8 ± 13.3

 Men          52 (66.7)

 APACHE II score         21.3 ± 6.9

 SBP (mmHg)        122.4 ± 31.0

 DBP (mmHg)         71.7 ± 16.1

 Body weight (kg)         58.1 ± 12.6

 Body temperature (
o
C)         37.1 ± 1.7

 Length of ICU stay (days)         28.6 ± 21.4

Comorbidities

 HTN          24 (30.8)

 DM          19 (24.4)

 CHF           7 (9)

 CKD          14 (18)

 CLD           6 (7.7)

 History of MI           3 (3.8)

 Arrhythmia          11 (14.1)

 History of TB           6 (7.7)

 Lung disease           3 (3.8)

 Malignancy          39 (50)

Reason for admission to the MICU

 Respiratory disorder          50 (64.1)

 Cardiovascular disorder          10 (12.8)

 Sepsis           9 (11.5)

 Post-CPR care           3 (3.8)

 GI disorder           3 (3.8)

 Metabolic disorder           2 (2.6)

 Neurological disorder           1 (1.3)

APACHE: acute physiology and chronic health evaluation; SBP: 

systolic blood pressure; DBP: diastolic blood pressure; MV: mecha-

nical ventilator; HTN: hypertension; DM: diabetes mellitus; CHF: 

congestive heart failure; CKD: chronic kidney disease; CLD: 

chronic liver disease; MI: myocardial infarction.

Table 2. Etiology of Pleural Effusion in Patients in the MICU (n 

= 78)

Cause of pleural effusion
No. of 

patients (%)

Laterality of effusions 

(n = 78)

Bilateral Left Right

Heart failure  14 (17.7) 11 1  2

Atelectasis   1 (1.3)  0 1  0

Parapneumonic effusion  32 (41) 17 3 12

Empyema   5 (6.4)  4 1  0

Hepatic hydrothorax   2 (2.6)  1 0  1

Malignancy  15 (19.2) 11 2  2

Pancreatitis or hepatobiliary

 infection

  3 (3.8)  1 1  1

Hemothorax   2 (2.6)  1 1  0

Unknown   4 (5.1)  4 0  0

Data are presented as number of patients (%).

(14/78, 17.7%). Parapneumonic effusion occurred frequently in 

patients with unilateral effusion, and heart failure in those with 

bilateral effusion.

  Transudate was observed in 24 patients (32%) and exudate 

in 50 (68%). The etiology of the transudates and exudates were 

analyzed Table 3. Heart failure-related effusion was the most 

common cause of transudate; 12 of the 24 cases with transudate 

(50%) were related to heart failure. Five of these 12 patients 

had known heart failure, and the other 7 patients had newly 

diagnosed congestive heart failure or heart failure due to ar-

rhythmia or valvular heart disease. Of the 50 cases of exudate, 

parapneumonic effusion accounted for 24 (48%) and malignant 

effusion for 12 (24%).

  In parapneumonic effusion and empyema, microbiological 

analysis confirmed the infection in 9 cases. The isolated organ-

isms were: methicillin-resistant Streptococcus aureus (MRSA) 

(n = 3), Pseudomonas aeruginosa (n = 1), Streptococcus pneu-

monia (n = 1), Klebsiella pneumonia (n = 1), and Trichosporon 

asahii (n = 1) in blood cultures; and MRSA (n = 1) and 

Candida tropicalis (n = 1) in pleural fluid. One patient had 

positive results in both blood and pleural fluid culture. Malig-

nant effusion was the second most common cause of non-

infectious exudates. The underlying neoplasm for malignant ef-

fusion was lung cancer (n = 2), breast cancer (n = 3), multiple 

myeloma (n = 2), and other causes (n = 8). In summary, heart 

failure-related effusion was the main cause of transudate effu-

sion, and parapneumonic effusion and malignancy were com-

mon causes of exudate effusion.

  Table 4 shows the thoracentesis findings classified according 

to the cause of pleural effusion and the characteristics of the 

patients at the time of thoracentesis. The mean time from MICU 
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Table 4. Etiology Distribution Depending on Exudate and Transudate (n = 74*)

Characteristics All effusions Transudate Exudate p value

ICU stay

 Length of stay (days)      28.6 ± 21.4     32.9 ± 23.5      26.5 ± 20.2       0.671

Clinical characteristics at the day of thoracentesis

 Time from ICU admission to thoracentesis      10.4 ± 9.8     10.5 ± 8.7      10.4 ± 10.4       0.400

 Need for vasopressors        30 (40.5)        3 (12.5)        27 (54)       0.001

 Need for mechanical ventilation        59 (79.7)       18 (75)        41 (82)       0.480

 Need for PEEP ＞5 cm H2O        18 (24.3)        5 (20.8)        13 (26)

 Need for CRRT        12 (16.2)        6 (25)         6 (12)       0.186

Pleural effusion findings

 Clear fluid        60 (80.2)       20 (87)        40 (80)       0.757

 Small (amount)        17 (23)        5 (20.8)        13 (26)       0.443

 Bilateral (location)        46 (62.2)       19 (79.2)        27 (54)       0.113

 Amount (ml)     433.5 ± 388.3    512.3 ± 380.0     395.6 ± 390.3       0.996

 Pleural pH      7.35 ± 0.30     7.42 ± 0.11      7.31 ± 0.36       0.146

 Pleural leukocytes, μl    1447.9 ± 4426.1    184.8 ± 199.7    2066.1 ± 5308.3       0.027

 Pleural neutrophils, %      29.5 ± 30.6     17.7 ± 20.6      35.3 ± 33.1       0.001

 Pleural lymphocyte, %      31.4 ± 25.3     32.7 ± 23.2      30.9 ± 26.6       0.225

 Pleural protein, g/L       2.7 ± 1.0      1.9 ± 0.7       3.1 ± 0.9       0.731

 Serum protein, g/L       5.4 ± 0.9      5.7 ± 0.6       5.3 ± 1.0       0.036

 Pleural fluid/serum protein ratio       0.5 ± 0.2      0.3 ± 0.1       0.6 ± 0.2       0.880

 Pleural LDH, g/dl     394.7 ± 897.4    108.2 ± 33.0     532.2 ± 1067.6       0.053

 Serum albumin, g/dl       2.6 ± 0.4      2.3 ± 0.5       2.5 ± 0.4       0.757

*Data are presented as number of patients (%) or mean ± SD; data were not analyzed for 4 patients because of poor sample quality. 

PEEP: positive end-expiratory pressure; CRRT: continuous renal replacement therapy.

admission to thoracentesis was 10.4 ± 9.8 days. Fifty-nine pa-

tients (80%) needed mechanical ventilation, and eighteen pa-

tients (24%) required a positive end-expiratory pressure (PEEP) 

＞5 cm H2O. Vasopressors were required in 30 (40%) patients 

and continuous renal replacement therapy (CRRT) was required 

in 12 (16%) patients. The exudative effusion group tended to 

use more vasopressors than the transudate group. The age, 

mean time from ICU admission to thoracentesis, length of ICU 

stay, and the need for ventilation, PEEP, or CRRT did not 

differ significantly between the effusion and transudate groups.

  Analysis of the pleural fluid showed that 17 cases (23%) 

were classified as small effusion and 46 (62.2%) as bilateral 

effusion. The percentage of samples with clear fluid was 80%. 

The mean amount of drained pleural effusion was 433.5 ± 

388.3 ml. The mean pH was 7.35 ± 0.30, and pleural protein/ 

serum protein ratio was 0.5 ± 0.2. Leukocyte count, neutrophil 

percentage, and serum protein concentration differed between 

transudates and exudates groups, but the other pleural findings 

did not differ between groups.

3) Treatments and complications

  Thoracentesis led to tube drainage after thoracentesis in 15 

(19.2%) patients. The most common reason for drainage was 

parapneumonic effusion or empyema (9/15, 60.0%). Malignancy 

was the second most common reason (4/15, 26.7%), and drain-

age was required in one patient with heart failure and in an-

other patient for unknown reasons. Nineteen patients (24.3%) 

were given albumin or diuretics for volume control. Forty-four 

(56.4%) patients required no specific management for pleural 

effusion.

  Pneumothorax occurred after thoracentesis in two patients. 

These two patients were given mechanical ventilation and used 

PEEP ＞5 cm H2O. They underwent chest tube insertion after 

the pneumothorax. 

DISCUSSION

  The incidence of pleural effusion in the ICU varies from 

about 8% for physical examination to ＞60% for diagnostic 

lung ultrasound.[1,2] As mentioned above, only a few prospec-

tive studies have examined the frequency and etiology of pleu-

ral effusion in critically ill patients.

  The proportion of patients who receive diagnostic thoracent-

esis is not known, but one study[2] showed that diagnostic 

thoracenteses were performed in 82 (6%) of 1,351 ICU pa-

tients without contraindications. This procedure was performed 
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in a similar percentage of patients in our study-78 (4.8%) of 

1,592.

  Fartoukh et al.[2] showed that infectious exudate was the 

most frequently noted pleural effusion (43%), followed by non-

infectious exudate (33%) and transudate (24%). In contrast to 

this result, in the study by Mattison et al.,[1] the most com-

mon causes of pleural effusion in the ICU were heart failure 

(35%) and atelectasis-related effusion (23%). Another prospec-

tive study reported that 58 patients (62%) of 94 febrile MICU 

patients who underwent thoracentesis had infectious exudate.[7]

  In our study, infectious exudate, especially parapneumonic 

effusion, was the most common cause of pleural effusion in 

the ICU, followed by malignant pleural effusion, and the third 

was heart-failure-related effusion. Our results differ from those 

of Mattison et al.[1] and Mayo et al.[8] A possible explanation 

for this difference is sampling bias. Because large pleural effu-

sions and febrile effusions usually require thoracentesis, the 

prevalence of parapneumonic effusion and empyema can be 

overestimated. In our study, thoracentesis was performed for 

diagnostic and therapeutic purposes, and the percentage of pa-

tients with large effusion and infectious pleural effusion may 

have been higher than in previous studies. Besides, the patients 

with hypoalbuminemia, heart failure or atelectasis who are at 

low risk of infection would have been observed with medical 

treatment and it is not usually indicated intervention. Thus, our 

results should be interpreted carefully. 

  In non-critical care patients group, several studies show that 

malignancy was the most frequent cause of pleural effusion. 

[3,9,10] Parapneumonic effusion and congestive heart failure 

were the second common cause. The result was slightly differ-

ent from the data obtained outside of the ICU. In our guess, 

the reason is that patients with malignant effusions usually re-

ceive supportive care in general ward than ICU admission. 

  When all cases of pleural effusion were classified as exudate 

or transudate effusions, the most common cause of exudate ef-

fusion was parapneumonic effusion, and the most common cause 

of transudate effusion was heart failure. Two patients with 

heart-failure-related effusion had exudate effusion, and all used 

diuretics. Some studies have shown that diuretic therapy may 

accelerate the reabsorption of water, which might contribute to 

conversion from a transudate to an exudate effusion.[11-13] In 

addition, analysis of the pleural fluid in both groups showed 

that the exudate group had significantly higher leukocyte count 

and neutrophil percentage, and used more vasopressors than the 

transudate group. This suggests that the patients with exudate 

had more severe illness, which required vasopressors because 

of the high proportion of infection-related effusion.

  Fartoukh et al. show the utility of thoracentesis.[2] They re-

ported improvements in the diagnosis and/or treatment in 46 

patients (56%). In their study, the diagnosis was changed in 

37 patients: 27 received a change in treatment based on a new 

diagnosis, and 9 received a change in treatment. In our study, 

15 patients received tube drainage after thoracentesis, and para-

pneumonic effusion and malignancy were the most frequent 

reasons for tube drainage. A previous study showed that it is 

safe to observe pleural effusion in ICU patients with hypo-

albuminemia, heart failure, or atelectasis,[1] but in patients 

with a high risk of pneumonia in the ICU patients, thoracent-

esis may be more helpful than simple observation.

  Previous studies have reported that diagnostic thoracentesis 

in the ICU is safe.[9,14,15] We confirmed this result; a high 

percentage of our patients (97%) did not have acute complica-

tions. Pneumothorax after thoracentesis occurred in only 2 pa-

tients, who had been treated with mechanical ventilation set at 

＞5 cm H2O PEEP.

  The effects of pleural fluid collection on weaning from me-

chanical ventilation have not been studied thoroughly. One study 

suggested that pleural fluid drainage can be beneficial in im-

proving oxygenation in mechanically ventilated patients,[16,17] 

although the clinical outcomes were not reported. Some studies 

reported that there was no improvement in arterial blood oxy-

genation after thoracentesis.[18,19] The effect of pleural drain-

age is still controversial. There are no data relating specifically 

to which types of pleural effusions in ICU should be managed 

with thoracentesis. Further study is needed to address these 

issues.

  This study has several limitations. First, it was a single-center 

study, and the findings may not be applicable to surgical or 

traumatic ICUs. Second, because it was a retrospective study 

that included only those patients who underwent thoracentesis 

for therapeutic or diagnostic purposes, there is a possibility of 

sampling bias. Despite these limitations, this study shows that 

the causes of pleural disease in the ICU can be diverse and 

that some causes occur more frequently among critically ill 

patients. Parapneumonic effusion, malignant effusion, and heart- 

failure-related effusion were the common causes of pleural ef-

fusion in our ICU. Clinical decisions should be made by con-

sidering the etiology of pleural effusion and the patient’s clin-

ical setting.
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