
Abstract

Objective: Biomarkers for predicting disease severity in patients with clinical pneumonia have 
been increasingly reported. The association of Prognostic Nutritional Index (PNI), an inflammation-
based marker, with community-acquired pneumonia (CAP) is uncertain. This study ascertained 
the relationship between PNI and CAP in children with parapneumonic effusion (PPE).

Methods: This single-center study retrospectively included 679 children hospitalized with lobar 
pneumonia between January 1, 2012, and July 31, 2022, and subdivided the cohort by PPE 
presence (n=209) or absence (n=470). The length of hospital stay and PNI at hospitalization were 
compared among patients with only lobar pneumonia; pneumonia + PPE; and PPE + use of chest 
tube drainage (PPE+tube drainage).

Results: Significant intergroup differences (p=0.0001) in PNI were observed among the lobar 
pneumonia, PPE, and PPE+tube drainage groups: PNI in the PPE+tube drainage group was 
significantly lower than that in the lobar pneumonia and PPE groups, and PNI of the PPE group 
was significantly lower than that in the lobar pneumonia group. The area under the PNI receiver 
operating characteristics curve (with 95% CI) was 0.671 (0.633–0.707) and 0.921 (0.894–0.943) for 
PPE and PPE+tube drainage, respectively. A PNI cut-off ≤38.01 for PPE+tube drainage showed 
sensitivity of 87.88, specificity of 88.30, positive predictive value of 34.50, negative predictive 
value of 99.00, and likelihood ratio (+) of 7.51. The length of hospital stay (days) was longer in the 
PPE+tube drainage group.

Conclusion: PNI at admission may constitute an independent predictor of CAP prognosis in 
patients who require tube drainage.
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INTRODUCTION

Community-acquired pneumonia (CAP) is a well-known reason of pediatric morbidity and mortality, although 
mortality rates differ between developed and developing countries. In 2015, an estimated 1 million children under 
age 5 died from CAP globally. Particularly in low- and middle-income countries, pneumonia continues to be the 
main cause of illness for young children outside of the newborn period (1). The reference standard for diagnosing 
CAP is the presence of a new infiltrate detected on chest radiography together with currently acquired breathing 
signs and symptoms (2–4), such as cough, phlegm, shortness of breath, fever, and abnormal auscultatory breath 
sounds (5). Children with pneumonia who do not cured well to treatment should be evaluated for potential 
suppurative parenchymal complications (6). According to the British Thoracic Society (7) guidelines, fever or 
discomfort that persists beyond 48 h after treatment initiation warrants reassessment of the child for possible 
complications. Pneumonia can lead to a series of purulent parenchymal complications (8), and the Pediatric 
Society of Infectious Diseases and the Infectious Diseases Society of America lists the following CAP-associated 
complications in children (9): pleural effusion or empyema, pneumothorax, lung abscess, bronchopleural 
fistula, and necrotizing pneumonia. Up to 53% of children who were hospitalized with pneumonia have been 
documented to have the above mentioned problems (10). Furthermore, pleural effusion, which cannot be treated 
with antibiotics and may necessitate surgical drainage or thoracoscopy (11). The most frequent complication 
of pediatric pneumonia is a parapneumonic effusion (PPE), which includes simple and complex effusions as 
well as empyema. Whenever a pleural effusion appears on a chest radiograph, ultrasonography (USG) is the 
preferred approach for measuring fluid volume (7), as the size of the effusion is important for determining the 
management. Small PPE (<10-mm thick) can usually be managed conservatively. Several clinical studies have 
been performed to validate the most suitable method for the drainage of complex effusions and empyema (12,13). 
Conservative management of PPE is mainly based on antibiotic therapy, chest tube thoracic drainage or video-
assisted thoracoscopy only applied in the most severe or refractory cases (14,15). Moreover, the risk factors for 
prolonged hospital stay are uncertain (16), and the severity of the clinical manifestations of CAP varies widely (17). 
Finally, to address problematic cases, several biomarkers have been investigated and have been used in clinical 
practice in adults to reveal the etiology and severity of CAP and to provide further insights for the diagnosis 
and treatment of CAP (18,19). Despite several attempts to predict the severity and outcome, in most cases, the 
etiological diagnosis of pediatric CAP and evaluation of possible outcomes remain unresolved. Even when various 
tests were used alone, the use of biomarkers contributed little to the results of clinical and radiological signs and 
symptom assessment (8, 20). The Prognostic Nutritional Index (PNI) shows a patient’s immunonutritional status 
and is a predictor of severity and mortality in patients with inflammatory diseases, gastrointestinal surgery, and 
cardiovascular disease (21–23). The PNI can be easily and quickly calculated using the results of routine blood 
tests (lymphocyte count and albumin level) and is a sign of inflammatory and nutritional status that is associated 
with poor prognosis for cancer, cardiovascular disease, pulmonary thromboembolism, and stroke (24–28). Some 
studies have predicted an association between the nutritional status and the severity of pneumonia in adults 
(29–30). For predicting the mortality of pneumonia patients, Shimoyama et al. demonstrated that the neutrophil-
to-lymphocyte ratio was better to other inflammation-based prognostic scores, including PNI (31).

This study aimed to investigate primary the role of PNI and secondary to identify other inflammatory biomarkers 
for predicting the severity and length of hospital stay in pediatric patients with CAP with PPE through an analysis 
that included biochemical data.

MATERIALS AND METHODS

This retrospective chart review study involving human participants was in accordance with the ethical standards of 
the institutional and national research committee and with the 1964 Helsinki Declaration and its later amendments 
or comparable ethical standards. The local ethics committee for the study (no: 98, date: September 21, 2022) 
approved this study. Patients were included only after they provided written informed consent.

A total of 679 patients, ages 1-18 years, were enrolled in this retrospective single-center study who were 
hospitalized at a tertiary-level hospital in İstanbul, Turkey between January 1, 2012 and July 30, 2022 and had 
been diagnosed with lobar pneumonia (a lobar infiltrate on chest radiography with acute respiratory symptoms). 
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Data were extracted from the patients’ electronic health files in the hospital information system for analysis. 
Digital database searches were performed to identify baseline patient information, including age, sex, clinical 
characteristics, and laboratory test results that were obtained on the first day of admission. The body mass 
index (BMI) of all the patients was recorded as were the complete blood count and C-reactive protein (CRP) 
and albumin levels. The CRP/platelet (PLT) and CRP/albumin values were determined, and PNI was calculated 
as follows: PNI = 10×serum albumin (g/dL)+0.005×peripheral lymphocyte count (/mm3). The results of chest 
radiographs and thoracic USG were recorded. Lobar pneumonia was defined as having one or more of the 
recently acquired respiratory signs and symptoms: cough, expectoration, dyspnea, and a 38.0 °C degree core 
body temperature, abnormal breathing patterns and rales on auscultation, white blood cells count >10 or <4 × 
10⁹ L, and lobar infiltration on chest X-ray. Thoracic USG was performed in all patients. Based on the existence 
of, the cohort was divided into three groups: presence of only pneumonia, presence of PPE and PPE+ tube 
drainage. Patients with comorbidities, such as primary immunodeficiency, neuromuscular diseases, chronic lung 
and heart diseases, cystic fibrosis or active pulmonary tuberculosis, hospital-acquired pneumonia, non-infectious 
pleural effusion, and protein-energy malnutrition were excluded from the study as were those with low BMI, those 
who transferred to distant hospitals outside the research area, and those with missing data.

Statistical analysis
All statistical analyses in this study were performed using the Statistical Package for the NCSS (Number Cruncher 
Statistical System) 2007 (Utah, USA). In the evaluation of the data, in addition to descriptive statistical methods 
(mean, standard deviation, median, and interquartile range), the distribution of variables was examined using 
the Shapiro–Wilk normality test. One-way analysis of variance was used for intergroup comparisons of normally 
continuous variables, and Tukey’s multiple comparison test was used for subgroup comparisons. The Kruskal–
Wallis test was used for intergroup comparisons of non-normally distributed variables, the Dunn’s multiple 
comparison test was used for subgroup comparisons, and the chi-square test was used for comparisons of 
qualitative data. For the differential diagnosis of PPE and PPE+tube drainage, the receiver operating curve (ROC) 
and respective areas under the curve (AUC) with 95% confidence intervals were calculated. Sensitivity, specificity, 
positive predictive value (PPV), negative predictive value (NPV), likelihood ratio LR (+), and cut-off values of the 
variables were determined. Statistical significance was set at p<0.05.

RESULTS

In total, 679 patients with lobar pneumonia were enrolled in this study. All patients showed lobar infiltrates 
on chest radiography. According to the findings of thoracic USG, most of these patients had only pneumonia 
(69.21%). Of these, 209 had PPE (30.7%), of which 136, 39, and 23 had PPE <10, 10–20, and >20 mm, respectively, 
and 11 had massive PPE. In total, 177 participants with PPE (84.68%) were treated with appropriate antibiotics only, 
and thoracic tube drainage was applied to 32 (15.31%) patients due to massive effusion and empyema.
Table 1 displays the baseline characteristics and inflammatory biomarkers of the 679 patients upon admission. 
The p values of the Dunn’s and Tukey Multiple comparison tests are presented in Tables 2 and 3.
A significant intergroup difference was observed in the monocyte and platelet counts of the lobar pneumonia, 
PPE, and PPE+tube drainage groups (p=0.022 and p=0.003, respectively), and the PPE+tube drainage group 
had significantly higher monocyte and platelet counts than those of the lobar pneumonia and PPE groups 
(monocyte: p=0.032 and p=0.008 and platelet: p=0.001 and p=0.023, respectively). The CRP and albumin levels 
of the lobar pneumonia, PPE, and PPE+tube drainage groups differed significantly (p=0.0001 for both) and were 
significantly higher and lower, respectively, in the PPE+tube drainage group than in the lobar pneumonia and 
PPE groups (p=0.0001 for both); the albumin levels of the PPE group were significantly lower than those of the 
lobar pneumonia group (p=0.0001).
A significant inter group difference was observed in the CRP/PLT and CRP/Alb values of the lobar pneumonia, 
PPE, and PPE+tube drainage groups (p=0.003 and p=0.0001, respectively); the CRP/PLT and CRP/Alb values 
in the PPE+tube drainage group were significantly higher than those of the lobar pneumonia and PPE groups 
(p=0.001 for both). The PNI of the lobar pneumonia, PPE, and PPE+tube drainage groups differed significantly 
(p=0.0001) and was significantly lower in the PPE+tube drainage group than in the lobar pneumonia and PPE 
groups (p=0.0001); the PNI of the PPE group was significantly lower than that of the lobar pneumonia group 
(p=0.0001). A significant intergroup difference was observed in the length of hospital stay values of the lobar 
pneumonia, PPE, and PPE+tube drainage groups (p=0.0001), and the PNI of the PPE+tube drainage group was 
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significantly higher than that of the lobar pneumonia and 
PPE groups (p=0.0001). Length of hospital stay values of the 
PPE group were significantly higher than those of the lobar 
pneumonia group (p=0.0001).  Areas under the ROC curve 
of the lobar pneumonia and PPE groups are shown in Table 
4 and Figure 1a.
For the differential diagnosis of the presence of effusion, the 
area under the ROC curve was calculated; for albumin, the 
area under the ROC curve was 0.669 (95% CI 0.631–0.705). 
The cut-off value of the albumin variable was determined as 
≤3.98 g/dL (sensitivity 49.43, specificity 79.36, PPV 47.30, 
NPV 80.70, and LR (+) 2.40); a patient with albumin level 
≤3.98 g/dL had a 2.40 times higher risk for PPE than a patient 
with albumin level >3.98. The area under the PNI ROC 
curve was 0.671 (0.633–0.707, which is close to the desired 
value of 0.700). A PNI cut-off value of ≤40 for determining 
the presence of effusion had sensitivity of 50.57, specificity 
of 78.72, PPV 47.10, NPV 81.00, and LR (+) 2.38, whereby a 
patient with an albumin level ≤40 had a 2.38 times higher 
risk for PPE (Figure 1b). The areas under the ROC curve of 
the lobar pneumonia and PPE+tube drainage groups are 
shown in Table 5.
The area under the ROC curve was calculated for the 
differential diagnosis of the presence of PPE+tube drainage, 
and the area under the ROC curve for CRP was 0.749 
(0.709–0.787); a CRP cut-off value of >84 mgdl showed 
sensitivity 72.73, specificity 69.79, PPV 24.50, NPV 97.30, 
and LR+ of 2.41 for the presence of effusion+tube drainage. 
The area under the ROC curve for CRP/albumin was 0.801 
(0.763–0.835), and a cut-off value >21.89 showed sensitivity 
of 81.82, specificity of 72.13, PPV 27.10, NPV 93.30, and LR 
(+) of 2.94 for the presence of effusion+tube drainage. The 
area under the ROC curve for albumin was 0.917 (0.889–
0.939), and a cut-off value of ≤3.79 had sensitivity of 85.85, 
specificity of 88.94, PPV 35.00, NPV 98.80, and LR (+) of 
7.67 for the presence of effusion+tube drainage. The area 
under the PNI ROC curve was 0.921 (0.894–0.943, which 
is greater than the required value of 0.700), and a cut-off 
value of ≤38.01 showed sensitivity of 87.88, specificity of 
88.30, PPV 34.50, NPV 99.00, and LR (+) of 7.51 for the 
presence of effusion+tube drainage (Figure 1c). 
According to the ROC analysis, the monocyte and platelet 
counts had the lowest differential accuracy for predicting 
PPE+tube drainage, and the area under the ROC curve was 
0.612 and 0.667, respectively.

Figure 1a. ROC curves of various parameters on 
routine blood tests for predicting PPE on admission

Figure 1b. ROC analysis of albumin and PNI to 
predict PPE

Figure 1c. ROC curves of various parameters 
on routine blood tests for predicting PPE + tube 
drainage on admission

Abbrevations: CRP: C-reactive protein; Alb:Albumin; 
PLT: Platelet; PNI: Prognostic Nutritional Index ; PPE: 
Parapneumonic effusion; ROC: Receiver operating 
characteristic curve
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Table 1. Baseline characteristics and biomarkers of the participants

 
Lobar 
pneumonia

n=470

PPE 

n=177

PPE+ chest tube 
pleural drainage 

n=32
p-value

Age (year) 

Mean±SD
5.11±3.22 5.5±3.29 5.99±3.92 0.170*

Male 237 (50.43%) 89 (50.28%) 18 (56.25%)
0.810**

Female 233 (49.57%) 88 (49.72%) 14 (43.75%)

WBC (103/mm3) 

Mean±SD
15.19±7.86 14.68±7.85 18.2±7.91 0.062*

Neutrophil (103/mm3) Mean±SD 11.01±7.33 10.61±7.16 13.98±7.63 0.055*

Lymphocyte (103/mm3) Median(min-max) 2.48(1.6–3.69) 2.5(1.58–3.42) 2.15(1.53–4.2) 0.725***

Monocyte (103/mm3) Mean±SD 1.03±0.82 0.95±0.71 1.32±0.83 0.022***

Platelet (103/mm3) Mean±SD 338.6±133.2 363.9±153.3 441.0±200.6 0.003***

CRP (mg/dL) 

Median(min-max)
41.8(15.5–103.2) 52(20.7–112) 114(64.4–211.0) 0.0001***

Albumin  (g/dL) 

Mean±SD
4.18±0.35 3.94±0.44 3.13±0.74 0.0001***

CRP/PLT 

Median(min-max)
0.13(0.05–0.35) 0.15(0.06–0.31) 0.27(0.15–0.61) 0.003***

CRP/Alb

Median(min-max)
9.7(3.6–24.7) 112.2(5.1–28.8) 35.1 (22.8–67.5) 0.0001***

PNI Mean±SD 41.8±3.5 39.4±4.4 31.3±7.4 0.0001*

Hospitalization

(day) Mean±SD
8.05±2.96 10.01±3.84 19.75±6.25 0.0001*

Abbreviations: WBC: White blood cells, CRP: C-reactive protein, Alb: Albumin, PNI: Prognostic Nutritional Index, 
PLT: Platelet, PPE: Parapneumonic effusion
*One-way ANOVA, **Chi square test, ***Kruskal–Wallis test. 
Bold values indicate statistical differences, and correlations were considered significant at p<0.05.
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Table 2. Comparison of the study groups with regard to the laboratory parameters

Dunn’s Multiple Comparison Test Monocyte PLT CRP Albumin CRP/PLT CRP/Alb

Lobar pneumonia-PPE 0.137 0.092 0.221 0.0001 0.599 0.071

Lobar pneumonia-PPE+tube drainage 0.032 0.001 0.0001 0.0001 0.001 0.0001

PPE/PPE+tube drainage 0.008 0.023 0.0001 0.0001 0.001 0.0001

Abbreviations: PPE: Parapneumonic effusion, PLT: Platelet, CRP: C-Reactive Protein, Alb: Albumin.
Bold values indicate statistical differences, and correlations were considered significant at p<0.05.

Table 3. Comparison of study groups in regard to the PNI and length of hospitalization

Tukey Multiple Comparison Test PNI Hospitalization (days)

Lobar pneumonia-PPE 0.0001 0.0001

Lobar pneumonia-PPE+tube drainage 0.0001 0.0001

PPE/PPE+tube drainage 0.0001 0.0001

Abbreviations: PPE: Parapneumonic effusion, PNI: Prognostic Nutritional Index.
Bold values indicate statistical differences, and correlations were considered significant at p<0.05

Table 4. Areas under the ROC curves of biochemical parameters on routine blood examination for predicting PPE 

AUC SE 95% CI

Monocyte 0.538 0.025 0.499–0.577

Platelet 0.543 0.026 0.504–0.582

CRP 0.531 0.026 0.492–0.570

Albumin 0.669 0.022 0.631–0.705

CRP/Albumin 0.546 0.026 0.507–0.585

CRP/PLT 0.513 0.025 0.474–0.553

PNI 0.671 0.023 0.633–0.707

Abbreviations: PPE: Parapneumonic effusion, PLT: Platelet, CRP: C-reactive protein, PNI: Prognostic Nutritional 
Index, AUC: Area under the receiver operating curve, CI: Confidence interval, SE: Standard error.

Table 5. Areas under the ROC curves of various parameters for predicting PPE+tube drainage

AUC SE 95% CI

Monocyte 0.612 0.054 0.567–0.654

Platelet 0.667 0.053 0.624–0.708

CRP 0.749 0.050 0.709–0.787

Albumin 0.917 0.016 0.889–0.939

CRP/Alb 0.801 0.047 0.763–0.835

CRP/PLT 0.673 0.053 0.630–0.714

PNI 0.921 0.015 0.894–0.943

Abbreviations: PPE: Parapneumonic effusion, PLT: Platelet, CRP: C-reactive protein, Alb: Albumin, PNI: 
Prognostic Nutritional Index, AUC: Area under the receiver operating curve, CI: Confidence interval, SE: Standard 
error.
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DISCUSSION

PPE, which includes simple and complex effusions and empyema, is the most frequent complication of pneumonia 
in childhood. This study found that as the severity of lobar pneumonia increased, the length of hospital stay 
increased, whereas the PNI scores decreased as lobar pneumonia progressed from common to severe types with 
empyema. The PNI score is an inverse independent factor that is associated with severe lobar pneumonitis with 
PPE. To our knowledge, this is the first research to show the clinical utility of analyzing the relationship between 
PNI and lobar pneumonia and pleural effusion outcomes.

Luis et al. reported that strong correlation exists between the severity of the PPE and its size. The majority of 
patients were just given antibiotics alone (32). In our study, we found that the hospitalization-day PNI of the 
PPE+tube drainage group was significantly higher than that of the lobar pneumonia and PPE groups; moreover, 
the hospitalization-day values of the PPE group were significantly higher than those of the lobar pneumonia group. 
Antibiotics alone were used to treat more than half of PPE patients in the USA, with an increase in this practice 
over the past ten years. Both the most interventionist and the most conservative institutions saw comparable 
results (33–35); Segerer et al. reported a median length of 17 days, and initial therapy was noninvasive in 45% and 
invasive 55% of the 645 patients in the study. In our study, tube drainage was required in 16.74% of PPE cases.

Albumin is a negative acute-phase reactant, and inflammatory cytokines inhibit albumin synthesis in the presence 
of inflammation. Therefore, albumin levels decrease when inflammation occurs (36). Severe inflammation is 
associated with hypoalbuminemia (37). Although our patients were not malnourished, the albumin levels were 
significantly lower in patients with severe PPE and tube drainage. Viasus et al. reported that within 24 hours of 
admission, the serum albumin level is a reliable indicator of the prognosis for CAP. Thus, when assessing the 
severity of a disease in patients with CAP, physicians should consider albumin levels (38).  In our study, albumin 
levels were lower in patients who required tube drainage. The PNI is calculated from serum albumin levels and the 
total peripheral blood lymphocyte count and is commanly used as a marker of nutritional status and inflammation 
and to predict the prognosis of various diseases. However, the benefits of PNI in non-surgical and non-cancer 
patients have not been well established. It is yet unknown what causes the PNI to correlate with pneumonia 
severity. The PNI correlates nutritional status with a patient’s immune response; is an objective numerical value 
that combines the peripheral blood lymphocyte count and albumin concentration and can be used to assess 
health, malnutrition, and immunological response (39). Therefore, the PNI is both an immunological index and a 
nutritional indicator. Low albumin levels and/or a reduced lymphocyte count, which are strongly correlated with 
the development of pneumonia, are indicated by a low PNI. Shang et al. found a relationship between a low PNI 
and the first occurrence of pneumonia in adult patients who were receiving peritoneal dialysis (40).

Yoshimasa Hachisu reported that the PNI might be an effective prognostic factor for nontuberculous bacterial 
lung diseases (41). Specific PNI cut-off values for all diseases have not yet been established. However, various 
studies on malignancies in the literature suggest that a low PNI is associated with a poor prognosis in various 
cancer types. Furthermore, the PNI is widely used to assess the immunonutritional status of cancer patients and 
is a useful prognostic marker for various malignancies such as adult colorectal cancer (42), non-small cell lung 
cancer (43), liver cancer (44), esophageal cancer (45), and osteosarcoma (46). Different cut-offs for the PNI have 
been reported for different diseases (47, 48); however, the optimal cut-offs and group classifications according 
to the PNI remain unclear. In this study, the PNI cut-off value for tube drainage was determined as ≤38.01. In 
recent years, The PNI has received significant attention lately because of how useful and important it is for 
clinical uses. The PNI has attracted significant attention because of its convenience and significance in clinical 
applications. According to the studies the PNI is clinically significant in adult patients with various disorders such 
coronavirus disease (27), cardiovascular disease (49), and sepsis. Tiewei et al. reported that the PNI decreased 
considerably with the severity of sepsis and was lower in infants with sepsis (50). In our study, the albumin level 
and PNI were superior to the other studied biomarkers for predicting the risk for tube drainage in patients with 
lobar pneumonia and PPE. Previous studies have not assessed associations between the PNI and CAP with PPE 
in children. Our results are instructive in this regard.
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Limitations:
Our research had certain limitations. Firstly, this study is a limited-scale, retrospective investigation conducted at 
a single center. Its primary aim was to validate the results and make them applicable to a larger and more diverse 
group of participants. Second, due to the lack of anthropometric and dietary data, other classic nutritional index 
scores, such as the Nutrition Risk Screening 2002, Mini Nutrition Assessment Shortcut, and Nutrition Risk Index, 
could not be ascertained to determine the predictive power of the PNI for predicting illness severity in comparison 
with the above mentioned scores. Third, a healthy control group was not included. Fourth, the classification of the 
size of the effusion may be influenced by various factors, such as the technique used for patient positioning and 
the timing of the studies. Additionally, the volume of effusion and pleural thickness on diagnostic imaging may 
not be properly correlated (due to loculated effusion, patient age, or other factors). Fifth, PNI calculations were 
only made at admittance. Therefore, future studies that continuously monitor the PNI may yield more insightful 
results.

CONCLUSION

As an independent factor associated with the PPE severity, the PNI can serve as a simple, rapid, and valid outcome 
predictor to pediatric patients with pneumonia and PPE. The size of the effusion and complicated effusion/
empyema and the PNI level were significantly correlated, which was defined by the radiological appearance on 
imaging studies. The amount of the effusion served as an independent predictor of how long a patient will be in 
the hospital and was closely related to the length of treatment.
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