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Background: Data regarding the prognostic significance of pleural effusion (PE) are scarce.

Objective: Explore the impact of PE on mortality among hospitalized patients.

Methods: Multicenter prospective observational study. Patients that underwent computed tomography (thorax and/or abdomen) and in which PE was detected, were admitted to the study. PE was classified by size on CT, anatomical distribution, diagnosis, and Light's criteria. Charlson comorbidity index (CCI), APACHE II, and SOFA score were calculated. Mortality at 1 month and 1 year were recorded.

Results: Five hundred and eight subjects, mean age 78 years. Overall mortality was 22.6% at 1 month and 49.4% at 1 year. Bilateral effusions were associated with higher mortality than unilateral effusions at 1 month (32 vs. 13.3%, p = 0.005) and large effusions with higher mortality than small effusions at 1 year (66.6 vs. 43.3%, p < 0.01). On multivariate analysis age, CCI, APACHE II, SOFA score, and bilateral distribution were associated with short-term mortality, while long-term significant predictors were CCI, APACHE II, SOFA, and malignant etiology. Exudates (excluding MPE) exhibited a survival benefit at both 1 month and 1 year but due to the smaller sample, fluid characteristics were not included in the multivariate analysis.

Conclusions: Pleural effusion is a marker of advanced disease. Mortality is higher within the first month in patients with PEs related to organ failure, while patients with MPE have the worst long-term outcome. Independent predictors of mortality, apart from CCI, APACHE II, and SOFA scores, are age and bilateral distribution in the short-term, and malignancy in the long-term.
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BACKGROUND

Pleural effusion (PE) is a common clinical condition, arising from a variety of systemic, malignant, infectious, and inflammatory diseases. It affects 1.5 million patients per year in the USA (1) and 200,000–250,000 in the UK (2) with an increasing burden following an aging population with more comorbidities (3). It has been established that PE significantly affects prognosis and mortality, depending on etiology. This applies to patients with malignant pleural effusion (MPE) whose mean survival is 1.5–9 months, to patients with pleural sepsis, and patients with acute decompensated heart failure (HF) (4–8). However, the impact of PE on outcomes and specific mortality of hospitalized patients has not been adequately addressed. In particular, Kookoolis and colleagues, in a small retrospective study of 104 patients in whom pleural effusion was found on plain chest radiography during admission, report mortality of 15% at 30 days and 32% in 1 year in those patients. Risk factors among those patients, of which only 1 out of 10 underwent a diagnostic puncture, were age, the severity of disease based on Apache score, malignancy, and underlying lung disease (9).

Debiasi and colleagues from the same center studied prospectively 308 patients hospitalized in internal medicine wards. All patients underwent diagnostic puncture and mortality was higher in patients with malignant effusion (37% at 30 days, 77% at 1 year). However, high mortality was also highlighted in patients with bilateral effusions regardless of etiology compared to unilateral effusions (mortality 47% at 30 days, 69% at 1 year) (10).

Finally, Walker and colleagues prospectively studied 356 patients with non-malignant pleural effusions in a single center. All patients underwent thoracentesis. Cardiac, renal, and hepatic failure were associated with significant 1-year mortality (50, 46, and 25%, respectively), while bilateral and transudative effusions were associated with worse prognosis (57 and 43% 1-year mortality rate, respectively) (11). The purpose of the present study is to investigate the short-term and long-term effect of PE on mortality, and possible correlations with the size, the location, and the etiology of the effusion as well as clinical severity scores.



METHODS

We conducted a prospective multicenter observational study in Corfu General Hospital Pulmonary Department and University of Larissa Pulmonary Department. Successive patients hospitalized between January 2018 and January 2020 that underwent computed tomography of the thorax and/or abdomen and in which PE was detected, were admitted to the study, regardless of etiology. The study protocol was approved by the respective ethics committees and study participants gave written informed consent.

Upon recruitment in the study, for each subject, we recorded demographics, smoking habit, Charlson comorbidity index (CCI), department in which subjects were admitted, main diagnosis of admission (ICD-10), and severity of disease (calculated by APACHE II and SOFA scores).

Further, PEs were quantified by size based on the division of the hemithorax on computed tomography (CT) into 4 quadrants as small (0–25%), moderate (25–50%), and large (50–100%) by the mid-clavicular line. In cases of doubt, the small effusion was up to 3 cm in size and the medium >3 cm up to 10 cm. In cases where the atelectatic lung was surrounded by fluid, this was counted in the total size of the effusion. This method has been described by other researchers to increase agreement on the classification of collections by size among clinicians (12). We also recorded whether effusions were unilateral or bilateral. In the latter case, the size of the largest collection was calculated. Type of CT (thorax, contrast-enhanced, computed tomography pulmonary angiography, and abdominal) was recorded in all cases. The effusions were not necessarily tapped for inclusion in the study. A diagnostic puncture was performed if deemed necessary. In these cases, diagnosis and treatment depended on the best medical practices and the judgment of the treating physician. If a diagnostic puncture was performed, Light's criteria were applied. The definite etiology of the effusion was determined by two pulmonary physicians. Electronic medical records of the respective hospitals were used to retrieve data on the survival of the patients in 1 month and 1 year, as well as the total days of hospitalization and other adverse outcomes.


Statistical Analysis

For continuous variables, the mean, standard deviation, and range or median, 25th and 75th percentiles, and range were used after testing for normal distribution. The continuous variables were tested for normality using the Shapiro-Wilk test. For categorical variables, the frequencies and percentages are presented. SOFA score and APACHE II score were analyzed as categorical variables (SOFA: 0–1, 1–2, 2–3, 3–4, 4–5, >5 and APACHE: 0–4, 5–9, 10–14, 15–19, 20–24, 25–29). Univariate logistic regression was performed to identify statistically significant variables associated with 1-month and 1-year mortality. Then, all the statistically significant variables except the “transudate vs. exudate” variable were used for the construction of a model using multivariate logistic regression. For the construction of the model backward, stepwise selection approaches were used. The variable “transudate vs. exudate” was excluded due to the small number of observations compared to the other variables (201/508). Kaplan-Meier curves are presented regarding 1-month and 1-year survival. A p < 0.05 was considered statistically significant. All statistical analyses were performed using Stata/ IC version 15.1.




RESULTS

A total of 508 subjects were included in the analysis. Table 1 presents the demographics and the characteristics of pleural effusions. The mean age of the patients in our study was 78 years and the majority of patients were admitted to Pulmonary Departments with median hospitalization ranging from 8 to 12.5 days, while most patients underwent a thoracic CT. Pleural effusions were mostly small-sized, equally unilateral, or bilateral. When thoracentesis was performed exudates were more common (n = 160, 79.65%). Heart failure, malignant pleural effusion, and pleural infection were the leading diagnosis. Organ failure (liver, renal) and other exudates followed. Descriptive statistics of study subjects separated by outcome and short/ long term prognosis are shown in Table 2.


Table 1. Demographics and characteristics of pleural effusions (n = 508).
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Table 2. Comparative characteristics of subjects based on short and long-term outcome.
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Mortality rates are illustrated in Figures 1, 2. Overall mortality across all groups was 22.6% (n = 115) at 1 month and 49.4% (n = 251) at 1 year. Patients with large effusions exhibited higher mortality than patients with small effusions at 30 days (30 vs. 20.9%, p = 0.095) and significantly higher at 1 year (66.6 vs. 43.3%, p < 0.01). Regarding distribution, patients with bilateral effusion exhibited significantly higher mortality than patients with unilateral effusions at 1 month (32 vs. 13.3%, p = 0.005) and higher at 1 year (53.3 vs. 45.5%, p = 0.78). Regarding diagnosis, short-term mortality was higher (30–35%) for pleural effusions secondary to organ failure (heart, liver, renal) and multiple benign etiologies, while MPE and other exudates (pleural infection, pulmonary embolism) followed with 22 and 13%, respectively. Patients with MPEs and organ failure experienced the worst prognosis at 1 year (mortality 74 and 51–59%, respectively) while pleural infection followed with 33.3%.


[image: Figure 1]
FIGURE 1. Percent mortality based on the distribution and size of the PE. Patients with large effusions exhibited higher mortality than patients with small effusions, while patients with bilateral effusions exhibited higher mortality than patients with unilateral effusions.



[image: Figure 2]
FIGURE 2. Percent mortality based on the diagnosis of the PE. Short-term mortality was higher for pleural effusions secondary to organ failure, while patients with MPEs experienced the worst prognosis at 1 year.


In Tables 3–5, the univariate and multivariate predictors of mortality are displayed. On univariate analysis, significant variables associated with mortality in 30 days were age, CCI, APACHE score, SOFA score, and bilateral distribution. Of note, thoracentesis and CTPA showed a strong negative association with mortality (Table 3). On multivariate analysis, only age, CCI, APACHE score, SOFA score, and bilateral distribution were associated with mortality (Table 5). Regarding long-term mortality, on univariate analysis age, CCI, APACHE score, SOFA score, large size, and malignant etiology predicted mortality, while CTPA showed a protective effect (Table 4). On multivariate analysis that followed, the only significant predictors were CCI, APACHE score, SOFA score, and malignant etiology (Table 5).


Table 3. Univariate predictors of mortality at 1 month.
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Table 4. Univariate predictors of mortality at 1 year.
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Table 5. Multivariate predictors of mortality.
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We also analyzed subjects who underwent thoracentesis (Table 6). Exudates excluding MPEs exhibited a survival benefit at both 1 month and 1-year observations. Due to the smaller n sample, fluid characteristics were not included in the multivariate analysis.


Table 6. Transudates vs. exudates (excluding MPEs) on mortality.
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A separate analysis of solely MPEs is depicted in Table 7. Cox proportional hazards regression analysis identified high APACHE score and bilateral distribution as the factors associated with worse survival among MPEs.


Table 7. Prognostic characteristics of survival in subjects with Malignant pleural effusions.
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Figure 3 contrasts the Kaplan-Meier survival curves by distribution, size, and diagnosis of PE:

(a,b) Distribution of PE. In both time periods, the presence of bilateral pleural effusion was associated with lower survival probability.

(c,d) Size of PE. In both time periods, the presence of large pleural effusion was associated with lower survival probability.

(e,f) Diagnosis of PE. Short-term survival is lower for patients with pleural effusions secondary to organ failure (heart, liver, renal) and multiple benign etiologies, while long-term survival is worse for patients with MPE.


[image: Figure 3]
FIGURE 3. Kaplan Meier survival curves at 1 month and 1 year by (A,B) distribution of PE. In both time periods, the presence of bilateral pleural effusion was associated with lower survival probability. (C,D) size of PE. In both time periods, the presence of large pleural effusion was associated with lower survival probability. (E,F) diagnosis of PE. Short-term survival is lower for patients with pleural effusions secondary to organ failure (heart, liver, renal) and multiple benign etiologies, while long-term survival is worse for patients with MPE. HF, heart failure; MPE, malignant pleural effusion; PPE, parapneumonic pleural effusion; CTD, connective tissue disease; Emb, pulmonary embolism; OF, organ failure; Exud, other exudate; TB, tuberculosis.




DISCUSSION

We performed a multicenter prospective observational study and demonstrated that PEs carry significant morbidity and mortality. Among all clinical parameters studied, short-term mortality was associated in our study with increased age, bilateral effusions, APACHE II and SOFA scores, and a high Charlson comorbidity index. Long-term mortality was found associated with a high Charlson comorbidity index, APACHE II and SOFA scores, and the presence of malignant pleural effusion. Overall mortality in our study was 22, 6% at 1 month and 49, 4% at 1 year, similar to previous findings of Debiasi and colleagues (21% at 30 days and 51% at 1 year). Kookolis and colleagues in a retrospective study reported overall mortality of 15% at 30 days and 32% in 1 year (9, 10). These findings taken together illustrate a significant burden of pleural effusions in patients needing hospitalization in pulmonary or in other departments.

APACHE II score ranging from 10 to 14 is found to be associated with 7–15% in-hospital mortality (13), Sofa score above 2 is related to an increased risk of in-hospital mortality (14), and Charlson comorbidity index above 5 is associated with 80% 10 year-mortality (15). In our study worse APACHE II and SOFA scores were significant predictors of both short-term and long-term mortality. This was also demonstrated by Kookoolis et al. (9). On the other hand, a novel finding of our study is the association of the Charlson comorbidity index with mortality. Thus, our findings suggest that the occurrence of pleural effusion in an aged individual with already multiple comorbidities may lead to acute decompensation as demonstrated by clinical severity scores. Therefore, these patients upon admission should be monitored closely.

Congestive heart failure (HF) is the most common cause of PE (16) however the prognostic role of HF-related effusions is not well-established. In a prospective study of 100 patients, PE didn't predict outcome or mortality during a 6-month follow-up (17). Ercan and colleagues reported favorable survival (81% at 1 year, n = 151) when effusions were incidentally observed in transthoracic echocardiogram (18). However, recent prospective studies report high mortality at 1 year (near 50%), suggesting that HF-related PEs, especially large refractory cases requiring aspiration, have a poor prognosis (10, 11).

Regarding other benign etiologies, mortality rates are also high. Walker and colleagues reported that 25% of patients with liver failure die within 1 year (11). In a population-based study of 3.487 cirrhotic patients with PE requiring drainage, 30-day and 1-year mortality were 20.1 and 59.1%, respectively (19). Mortality in PE associated with renal etiology is not well-studied, yet a study of a small cohort of 14 patients with renal failure showed 14 and 57% 30-days and 1-year mortality, respectively (10). We report here significant high mortality rates for all patients with organ failure (20–30% in 1 month and 50–60% in a year).

Malignant pleural effusion (MPE) affects almost 15% of patients with underlying malignancy and is associated with a poor life expectancy (20). Like other studies, we demonstrated that MPE is associated with high mortality rates; 22% at 30 days and 74% at 1 year. Regarding long-term outcomes, patients with MPE had the worse prognosis of all underlying etiologies. Among MPEs we found bilateral distribution and high APACHE score, indicating acute but also chronic health decompensation, associated with worse outcomes. Given this poor outcome, prognostic tools are crucial to personalize treatment and avoid unnecessary interventions (6, 21).

It has been documented that PEs are poor prognostic signs in patients with pulmonary infection, especially when they are large, bilateral, or associated with empyema (4, 22, 23). Mortality rates range from 1% in simple uncomplicated parapneumonic pleural effusions to 30% in empyema or even 50% in ICU patients (8, 24–26). Our study shows a significant risk of death in hospitalized patients with pleural infection (13.3% at 30 days), however exudative effusions had a favorable prognosis as opposed to transudative effusions (Table 6).

It has been established that the presence of bilateral PEs in patients with community-acquired pneumonia is an independent predictor of 30-day mortality with a relative risk of 2.8 (22). However, Debiasi and colleagues first reported the association between bilateral PEs of any etiology and mortality. They reported 1-month mortality rates of 17% for unilateral vs. 36% for bilateral PEs, and 1-year mortality rates 47 and 69%, respectively (10). Similarly, Walker and colleagues reported 1-year mortality rates of 20 and 57% for unilateral vs. bilateral effusions (11). In accordance with these findings, we reported 1-month mortality rates of 13.3% for unilateral vs. 32% for bilateral effusions. At 1 year our rates increase to 45.5 and 53.4%, respectively. Bilateral PEs in our study reflect the increased mortality rates observed in heart, liver, kidney, or multi-organ failure patients. Therefore, the presence of bilateral PE regardless of etiology predicts significant mortality.

We also report a possible negative association between thoracentesis and mortality at 30 days. Kookoolis and colleagues first documented a protective role of thoracentesis in a retrospective cohort. Existing guidelines don't recommend thoracentesis in patients within a clinical context highly suspicious of transudative PE (27). Our finding might be due to underlying exudative etiologies, necessitating thoracentesis more commonly than transudates, since in our study exudates as we already mentioned had a better prognosis than transudates. We may not make a conclusive comment regarding the significance of thoracentesis in the present study, since not all effusions were aspirated. Further, undergoing thoracentesis may be a confounding signal reflecting the patient's clinical status allowing a procedure or not.

The same applies to CTPA that also showed a protective role since CTPA is usually performed in unilateral PEs in patients with lower clinical severity scores and underlying exudative etiologies (e.g., pulmonary embolism). Inhomogeneous CT requirement for inclusion in this study might introduce recruitment and confirmation bias, with mode of CT selected dependent on clinical and laboratory subjects' condition. Therefore, the clinical utility of each CT mode cannot be commented in our study. We believe however that this method allowed us to include more compromised patients and to better quantify the pleural effusion.

To our knowledge, this study is the largest prospective study on mortality in hospitalized patients with PE regardless of etiology and thoracentesis or not. Charlson comorbidity index, clinical severity scores, bilateral distribution, and malignancy reflect on mortality of PEs. As to the limitations of our study, our cohort represents hospitalized patients thus our results cannot be generalized to an outpatient setting. The limited number of subjects that underwent thoracentesis did not allow effusion discrimination by Light's criteria to be included in the multivariate analysis.



CONCLUSION

Pleural effusion is a marker of advanced disease. In our study, 20% of hospitalized patients died within 30 days and almost 50% within a year. Mortality tops within the first month in patients with pleural effusions related to organ failure, while patients with malignant pleural effusions have the worst long-term outcome. Independent predictors of mortality, apart from the Charlson comorbidity index, APACHE score, and SOFA score, are age and bilateral distribution in the short term and malignancy in the long term. Transudative effusions are possibly associated with worse outcomes.
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Significant variables associated with mortality were age, CCI, APACHE score, SOFA score,
and bilateral distribution. OR, Odds Ratio; Cls, confidence intervals.
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ACTPA, computed tomography pulmonary angiography, “post coronary artery bypass
graft, post-surgery, pancreatic disease, abdominal abscess, hemothorax, drug
related, undiagnosed.
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Exudates excluding MPEs exhibited a survivel benefit at both 1-month and 1-year
observations. OR, Odds Ratio; Cls, confidence intervals.
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Significant variables associated with mortality were age, CCl, APACHE score, SOFA
score, large size, and malignant etiology. OR, Odds Ratio; Cis, confidence intervals; HF,
heart failure; MPE, malignant pleural effusion; PPE, parapneumonic pleural effusion; CTD,
connective tissue disease; CTPA, CT pulmonary angiogram.
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Age, CCl, APACHE score, SOFA score, and bilateral distribution were associated with
mortality in 1 month, while CCI, APACHE score, SOFA score, and malignant etiology were
associated with mortality in 1 year: OR, Odds Ratio; Cls, confidence intervals; HF, heart
failure; MPE, malignant pleural effusion; PPE, parapneumonic pleural effusion.
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Variables
Age 72 (67-81)
Female sex 36(32)
Smoking 84 (76)
Unilateral/Biateral PE 92 (83)/19
(17)
Smallimoderate/large PE 25 (22)/44
(40)/42 (38)
APACHE Il score 10 (5-15)
SOFA score 2(1-8)
cal 4(4-5)
In-hospital days 8(5-15)

Sunvival days from diagnosis 100 (39-339)
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1.015
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Continuous variables are presented as median (nterquartile range) and categorical
outcomes as absolute n (% frequency). Survival analysis is performed using Cox
proportional hazards regression (significant p < 0.05). PE, pleural effusion; APACHE
I, acute physiology and chronic health evaluation; SOFA, sequential organ failure

assessment; CCl, Charlson comorbidity index.
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