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Sonographic septation: a useful diagnostic
predictor of complicated parapneumonic effusion
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ABSTRACT

Sonographic septation is associated with prolonged
hospitalization and increased mortality in patients
diagnosed with empyema. However, it is unknown
whether sonographic septation is associated with
complicated parapneumonic effusion (CPPE) or

the need for invasive procedures among patients
with pneumonia. In this retrospective study, we
included 180 patients with non-purulent neutrophilic
exudative pleural effusion secondary to pulmonary
infections such as pneumonia and lung abscess.

We performed univariate and multivariate logistic
regression analyses, including baseline clinical
characteristics, values from blood samples, and
sonographic echogenicity, to identify variables
correlated with CPPE and the need for invasive
procedures. Seventy of the 180 included patients
(38.89%) displayed sonographic septation.
Multivariate logistic regression analysis identified
that sonographic septation (adjusted OR (AOR)=3.38
(95% Cl 1.64 t0 6.98), p=0.001) and younger age
(AOR=2.63 (95% Cl 1.24 t0 5.58), p=0.012) were
independently associated with CPPE. With regard to
treatment strategy, sonographic septation (AOR 9.06
(95% Cl 3.71 t0 22.11), p<0.001) and total serum
protein level (AOR=1.80 (95% Cl 1.13 to 2.86),
p=0.013) were independently associated with the
need for subsequent invasive procedures in patients
with CPPE using multivariate logistic regression
analysis. Sonographic septation is a useful predictor
of CPPE and may imply the need for early invasive
procedures.

INTRODUCTION

Pneumonia remains a major cause of death,
even after years of research and the devel-
opment of a broad spectrum of antibiotics.'
In 2005, there were more than 60,000
people aged 15 years and above who died
from pneumonia in the USA.> Parapneu-
monic effusion (PPE) is a type of effusion
which usually occurs in patients with pneu-
monia or a lung abscess. It has been reported
that 20%-40% of hospitalized patients with
pneumonia have PPE and that the mortality
rate of patients with pneumonia and PPE
is as high as 15%.° Additionally, 20% of
patients with PPE require hospitalization for

Significance of this study

What is already known about this subject?

» 20%-40% of hospitalized patients with
pneumonia have parapneumonic effusion
(PPE) and the mortality rate of patients
with pneumonia and PPE is as high as 15%.

» Treatment of complicated parapneumonic
effusion (CPPE) consists of empiric
antibiotic therapy and adequate drainage
of the pleural fluid.

» Diagnosis and timing of drainage for
patients with CPPE may be delayed
due to similar clinical presentations to
uncomplicated PPE, resulting in longer
hospital stay and increased healthcare
expenditure.

» Although the biochemical parameters of
pleural effusion, Gram stain, and bacterial
cultures are used to diagnose CPPE and
determine treatment strategy, this process
is time-consuming.

What are the new findings?

» Patients with sonographic septation had
a 4.68-fold higher risk of having CPPE
compared with those without septation
(OR=4.68, 95% Cl 2.45 to 8.91) using
univariate logistic regression analysis.

» In multivariate logistic regression analysis,
sonographic septation and younger age
remained significantly correlated with
CPPE.

» |n multivariate logistic regression analysis,
sonographic septation and total serum
protein level were independently associated
with invasive procedures.

more than 1month.* Furthermore, a higher
mortality rate has been reported in patients
with bilateral PPE compared with those with
unilateral PPE.> Complicated parapneumonic
effusion (CPPE) is defined as PPE which only
resolves after an invasive procedure, such as
tube thoracostomy, or yields a positive Gram
stain or bacterial culture.® Treatment of CPPE
consists of empiric antibiotic therapy and
adequate drainage of the pleural fluid. Several
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Significance of this study

How might these results change the focus of research

or clinical practice?

» Sonographic septation is a useful predictor of CPPE.

» Chest sonography may adjudicate on the decision of
invasive procedures in patients with non-purulent PPE.

» Further studies are needed to investigate the
association between sonographic septation and invasive
procedures and its influence on prognosis in patients
with non-purulent PPE.

guidelines have been proposed to accurately and rapidly
diagnose CPPE to improve the outcomes by the early
application of adequate drainage.

The American College of Chest Physicians (ACCP) and
the British Thoracic Society (BTS) have proposed criteria
to differentiate CPPE from non-CPPE and guide treat-
ment.”” The ACCP guidelines use plain chest radiograph
of the pleural space, biochemical parameters, and bacte-
riology of the pleural effusion to categorize patients into
four categories. Categories 3 and 4 are defined as moderate
and high risk groups, respectively, and adequate drainage
is recommended for these patients. The BTS guidelines use
biochemical parameters of the pleural effusion and bacte-
riology to classify patients as having uncomplicated parap-
neumonic effusion (UPPE), CPPE, and empyema. Patients
with empyema are recommended to receive empiric antibi-
otics as well as invasive procedures such as pigtail catheter
drainage, chest tube thoracostomy, or video-assisted thora-
coscopic surgery (VATS) to promptly control pleural infec-
tions. Importantly, the diagnosis and timing of drainage for
patients with CPPE may be delayed due to similar clinical
presentations to UPPE, resulting in longer hospital stay and
increased healthcare expenditure.'® Therefore, it is very
important to accurately identify CPPE as early as possible.
Although the biochemical parameters of pleural effusion,
Gram stain, and bacterial cultures are used to diagnose
CPPE and determine treatment strategy, this process is
time-consuming.

Few studies have focused on identifying the predictive
factors for CPPE/empyema. Falguera et al'' identified five
independent baseline characteristics, including age, alco-
holism, pleuritic pain, tachycardia, and leukocytosis, in
882 patients diagnosed with community-acquired pneu-
monia with PPE. Although several clinical factors have
been reported to predict CPPE/empyema, the application
of imaging studies such as chest sonography has never been
reported. Transthoracic sonography is a useful method to
safely guide thoracentesis and the placement of a chest
tube.' ¥ In patients with empyema, sonographic septa-
tion has been associated with longer hospital stay, longer
duration of chest tube drainage, and higher probability of
a need for fibrinolytic therapy or surgical interventions.'
However, whether sonographic septation is a predictor of
CPPE or a guideline for pleural drainage has never been
investigated. Therefore, this study aimed to clarify the clin-
ical significance of sonographic septation in patients with
PPE.

METHODS

Study subject

All hospitalized patients with exudative pleural effusion
secondary to pneumonia or lung abscess who underwent
chest sonography and thoracentesis between January 2002
and April 2011 at the Tri-Service General Hospital, a tertiary
referral center in Taiwan, were included in this study. All
medical records, including the results of the pleural fluid
analysis, cultures, biochemical parameters, cell counts, pH,
cytology, baseline characteristics, and treatment strategy,
from these patients were retrospectively reviewed. The
inclusion criteria were age older than 20 years and those
with exudative pleural effusion with neutrophil predomi-
nance concomitantly with pneumonia or a lung abscess.

The definition of exudate was determined according
to Light’s criteria.’’ Patients who had PPE were classified
into UPPE or CPPE group according to the BTS guidelines
(a case is defined as CPPE if it fits any of the following
parameters: pleural fluid lactate dehydrogenase (LDH)
>10001IU/L, glucose <40mg/dL, pH <7.2, positive Gram
stain or bacterial culture).”

All patients were treated empirically with antibiotics,
consisting of broad-spectrum penicillin with beta-lactamase
inhibitor (amoxicillin-clavulanate, ampicillin-sulbactam,
piperacillin-tazobactam),  cephalosporin  (ceftriaxone,
ceftazidime, or cefepime), clarithromycin, fluoroquinolone
(levofloxacin or moxifloxacin), or carbapenem (imipenem,
meropenem, ertapenem). The antibiotics were changed in
some cases according to the susceptibility evaluated with
bacterial culture. Patients were excluded if the pleural fluid
analysis showed transudative effusion, exudative effusion
with lymphocyte predominance, malignant pleural effu-
sion, post-traumatic pleural infection, tuberculosis-related
effusion, or empyema (pus in the pleural fluid).” The deci-
sion to use invasive procedures or not was left up to the
discretion of the attending physician. The most common
causes of undergoing tube thoracostomy or VATS in this
study were uncontrolled sepsis, large effusion with clinical
symptoms such as dyspnea, or multiloculated effusion.

Imaging studies of the chest

The timing of chest ultrasound in this study is after the
initial encounter of pneumonia or lung abscess with pleural
effusion. All patients received chest ultrasound in an upright
seated position or lying in the lateral decubitus position. A
real-time ultrasound scanner (Toshiba SSA-340A; Tokyo,
Japan) with a 3.75 MHz sector transducer under fixed
parameters, such as a gain setting of 80dB and a trans-
mitted focal depth of 6 cm, was used to evaluate the pleural
effusion, followed by a diagnostic thoracentesis if the width
of the pleural effusion exceeded 10 mm. All sonographic
images of the pleural fluid from the included patients were
saved in JPG format. Sonographic septation was determined
by two board-certified chest physicians blinded to patients’
clinical information. If any disagreement existed between
these two chest physicians, another senior board-certified
chest physician was consulted. Sonographic septation was
defined as the presence of hyperechoic strands (figure 1A)
or web-like, branching fibrinous septa floating in the pleural
effusion (figure 1B), as opposed to non-septated pleural
effusion (figure 1C).1* 16
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Figure 1

SEPTUM

Sonography of chest demonstrated the presence of hyperechoic strands in the pleural fluid (A), branching fibrinous septa

floating in the pleural effusion (B), and non-septated anechoic effusion (C). PE, pleural effusion; LT, left side.

Pleural effusion samples obtained with diagnostic thoracen-
tesis were aliquoted into different collecting tubes using aseptic
techniques. All specimens were sent to the laboratory for
analysis of LDH, total protein, glucose, total leukocyte count,
differential leukocyte count, Gram stain, bacterial culture,
acid-fast stain, tuberculosis culture, cytology, and pH using a
blood gas analyzer.

Statistical analysis

Data were expressed as mean+SEM. Continuous variables
were compared between groups using the Student’s t-test,
and the x* test was used to examine the differences between
the two groups with respect to categorical variables. Fish-
er’s exact test was used to compare differences between
categorical variables among groups if the expected count of
at least one cell was less than five. The positive predictive
value, negative predictive value, sensitivity, and specificity
of sonographic septation in predicting CPPE were calcu-
lated. OR, adjusted OR (AOR), and corresponding 95% CI
of positive sonographic septation in predicting CPPE and
invasive management were calculated using univariate and
multivariate logistic regression analyses. Potential predictive
factors including baseline characteristics which appeared to
be significant in the univariate logistic regression analysis
were entered into the multivariate logistic regression analysis

in order to determine if the factors are independently asso-
ciated with CPPE and the need for invasive management.
Agreement between the two chest physicians in determining
sonographic septation of the pleural fluid was evaluated by
kappa statistics. All statistical analyses were performed using
IBM SPSS Statistics V.22, and a two-tailed p value of less
than 0.05 was considered to indicate statistical significance.

RESULTS

Baseline characteristics and comorbidities

We included a total of 180 patients who had PPE and
received thoracentesis from January 2002 to April 2011,
of whom 97 (53.89%) were diagnosed with UPPE and 83
(46.11%) with CPPE. The baseline clinical characteristics,
comorbidities, and sonographic echogenicity are shown in
table 1. There were no significant differences in gender,
smoking status, and comorbidities between the two groups;
however, the CPPE group had a higher percentage of
patients less than 60 years age, sonographic septation, and
a lower rate of comorbid chronic obstructive pulmonary
disease (COPD), compared with the UPPE group.

Bacteriology
Of the 180 patients, 21 (11.67%) of the effusion cultures were
positive for micro-organisms. These findings consisted of 22

Table 1 Baseline characteristics of the study population

Total Parapneumonic effusion
Baseline characteristics and comorbidities (N=180) UPPE (n=97) CPPE (n=83) P value
Age (years) 65.78+18.16 70.09+16.97 60.75+18.30 <0.001
Sex (male) 139(77.2) 76 (78.4) 63 (75.9) 0.696
Smokers 96 (53.3) 55 (56.7) 41 (53.2) 0.649
Comorbidities
Hypertension 72 (40.0) 44 (45.4) 28 (36.4) 0.231
Diabetes mellitus 40 (22.2) 25 (25.8) 15 (19.5) 0.327
COPD 28 (15.6) 22 (22.7) 6(7.8) 0.008
Congestive heart failure 8(4.4) 3(3.1) 5(6.5) 0.469
Chronic kidney disease 17 (9.4) 11(11.3) 6(7.8) 0.434
Malignancy 35(19.4) 23(23.7) 12 (15.6) 0.184
Cirrhosis 7(3.9) 2(2.1) 5(6.5) 0.243
Atrial fibrillation 9 (5.0) 6(6.2) 3(3.9 0.733
Sonographic septation 70 (38.9) 22 (22.7) 48 (57.8) <0.001

Data are presented as mean+SDor n (%) unless otherwise stated.

Differences between continuous variables are assessed using Student's t-test. Fisher's exact test and * test are used for nominal variables.
COPD, chronic obstructive pulmonary disease; CPPE, complicated parapneumonic effusion; UPPE, uncomplicated parapneumonic effusion.
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Table 2 Correlations between sonographic features and laboratory characteristics of pleural effusion and serum

Sonographic septation

Variables Positive (n=70) Negative (n=110) P value

Pleural effusion
LDH (lu/dL) 1654.10+232.99 960.5+191.84 0.024
Total protein (g/dL) 4.52+0.11 3.81+0.11 <0.001
Glucose (mg/dL) 72.91+10.98 118.95+6.53 <0.001
pH 7.46+0.64 7.83+0.47 <0.001
White cell count ('x10°/L) 8.897+1.567 6.898+1.087 0.281
% neutrophils 82.23+1.52 75.00+1.47 0.001
% lymphocytes 11.21+1.32 13.77+1.22 0.171

Serum
White cell count (x10%/L) 13.994+0.820 13.803+0.686 0.859
CRP (mg/dL) 16.86+1.17 15.75+0.99 0.482
LDH (1U/dL) 282.53+20.79 281.70+17.17 0.975
Total protein (g/dL) 6.32+0.11 6.09+0.89 0.114
Glucose (mg/dL) 143.16+10.30 142.35+5.57 0.940
Albumin (g/dL) 3.09+0.78 3.00+0.58 0.354

Values are presented as mean+SEM.

P value is derived via Student's t-test, and p<0.05 is considered to be significant.

CRP, C reactive protein; LDH, lactate dehydrogenase.

organisms, including 13 aerobic Gram-positive bacteria, 5
aerobic Gram-negative bacteria, and 4 anaerobic bacteria. The
most frequently isolated bacteria were Streptococcus viridans
(n=35) and methicillin-resistant Staphylococcus aureus (n=3).
The incidence of bacteria isolated from pleural effusion was
much higher in the sonographic septated group than in the
non-septated group (20% vs 4.5%, p=0.004).

Laboratory findings and sonographic septation

Table 2 shows the laboratory characteristics of pleural effusions
with and without sonographic septation. The glucose level
(p<0.001) and pH (p<0.001) of the pleural effusions were
significantly lower in the sonographic septation group than in
the non-septated group, whereas total protein level (p<0.001),
LDH (p=0.024), and the percentage of neutrophils (p=0.001)
were significantly higher in the sonographic septation group.
The interobserver agreement of sonographic septation reached
a x of 0.77 between the two chest physicians.

Sonographic septation predicted CPPE

Patients with sonographic septation had a 4.68-fold higher
risk of having CPPE compared with those without septation
(OR=4.68, 95%CI 2.45 to 8.91) using univariate logistic
regression analysis. In addition, CPPE was significantly
associated with younger age, lower rate of COPD, and high
serum total protein level in univariate logistic regression
analysis. In multivariate logistic regression analysis, sono-
graphic septation and younger age remained significantly
correlated with CPPE (table 3).

Sonographic septation correlated with invasive
procedures

In total, 101 patients received invasive procedures including
tube thoracostomy (n=59) and VATS (n=42). Among the
70 patients with a septated effusion, 88.6% (62 of 70)
received invasive procedures, compared with 35.5% (39 of
110) of those without sonographic evidence of septation.

Table 3 Univariate and multivariate logistic regression analyses for predictors of CPPE

Univariate analysis

Multivariate analysis

Variable OR 95%Cl P value* AOR 95%Cl P value
Sonographic septation 4.68 2.45 t0 8.91 <0.001 3.38 1.64 t0 6.98 0.001
COPD 0.29 0.11t0 0.75 0.011 0.48 0.16 to 1.47 0.199
Sex (male) 0.87 0.43101.75 0.697 - - -
Age (<60) 2.83 1.51105.32 0.001 2.63 1.24105.58 0.012
Serum laboratory results - - -
Leukocytes (>15 x10%/L) 1.40 0.75 10 2.61 0.298

CRP (<10 mg/dL) 0.59 0.30t01.18 0.138

LDH (lU/dL) 1.001 0.998 to 1.004 0.389

Glucose (mg/dL) 0.996 0.990 to 1.002 0.168

Total protein (g/dL) 1.51 1.03t02.21 0.036 1.34 0.89 to 2.04 0.164
Albumin (<3 g/dL) 0.92 0.49t0 1.72 0.782

*P value is presented by univariate and multivariate logistic regression analyses.

AOR, adjusted OR; COPD, chronic obstructive pulmonary disease; CPPE, complicated parapneumonic effusion; CRP, C reactive protein; LDH, lactate dehydrogenase.
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Table 4 Univariate and multivariate logistic regression analyses for predictors of invasive procedures

Univariate analysis

Multivariate analysis

Variable OR 95%Cl P value* AOR 95%Cl P value
Sonographic septation 14.11 6.13 to 32.47 <0.001 9.06 3.71 to 22.11 <0.001
COPD 0.37 0.16 t0 0.86 0.021 0.41 0.15t0 1.16 0.092
Sex (male) 2.16 1.06 to 4.38 0.033 2.57 0.99 to 6.63 0.051
Age (<60) 1.84 0.98 to 3.47 0.057

Diabetes mellitus 1.08 0.53t02.19 0.841

Chronic kidney disease 1.49 0.53t0 4.21 0.455

Malignancy 0.44 0.21 10 0.94 0.035 0.56 0.21to0 1.49 0.246
Serum laboratory results - - -
White cell count (>15 x10°/L) 1.29 0.68 t0 2.44 0.430

CRP (>10mg/dL) 1.5 0.79 to 3.01 0.203

LDH (lu/dL) 1.00 0.99 to 1.00 0.775

Glucose (mg/dL) 0.99 0.99t0 1.00 0.625

Total protein (g/dL) 1.73 1.17 to 2.57 0.007 1.80 1.13t02.86 0.013
Albumin (<3 g/dL) 1.50 0.85 t0 2.64 0.160

Invasive procedures included tube thoracostomy and video-assisted thoracic surgery.

*P value is presented by univariate and multivariate logistic regression analyses.

AOR, adjusted OR; COPD, chronic obstructive pulmonary disease; CRP, C reactive protein; LDH, lactate dehydrogenase.

Using sonographic septation as the predictor of invasive
procedures, the sensitivity, specificity, positive predictive
value, and negative predictive value were 61.4%, 89.9%,
88.6%, and 64.5%, respectively. The potential predictors
of invasive procedures in univariate logistic regression anal-
ysis were sonographic septation (OR=14.11, CI 6.13 to
32.47, p<0.001), male gender (OR=2.16, CI 1.06 to 4.38,
p=0.033), absence of COPD (OR=0.37, CI 0.16 to 0.86,
p=0.021), absence of malignancy (OR=0.44, CI 0.21 to
0.94, p=0.035), and serum total protein level (OR=1.73,
CI 1.17 to 2.57, p=0.007). In multivariate logistic regres-
sion analysis, sonographic septation and total serum protein
level were independently associated with invasive proce-
dures (table 4).

DISCUSSION
In the current study, we demonstrated that the sonographic
findings of septation were useful for predicting CPPE and
strongly correlated with subsequent invasive procedures
such as tube thoracostomy or VATS. Patients with CPPE
were significantly younger, had a lower rate of COPD, and a
higher rate of sonographic septation than those with UPPE.
Furthermore, we also demonstrated that sonographic septa-
tion was significantly associated with higher LDH, total
protein level, percentage of neutrophils, and lower glucose
and pH in the pleural effusion, compared with the non-
septated group. Sonographic evidence of septation suggests
the presence of overwhelming inflammation in the pleural
fluid, which correlates with the fibropurulent stage of PPE.
Importantly, patients with septated PPE had a significantly
increased risk of receiving invasive procedures in our study
subjects. The above findings suggest that sonographic septa-
tion is strongly correlated with CPPE and predicts the
application of tube thoracostomy or VATS in patients with
pneumonia and pleural effusion.

At baseline, our patients with CPPE were younger, had
a higher rate of sonographic septation, and a lower rate of
COPD compared with the patients with UPPE. Also, age

younger than 60 years was an independent predictor of
CPPE, and the AOR was 2.63. The relationship between
younger age and CPPE may be related to the changes in
innate immunity associated with aging; however, the exact
mechanism remains unknown.'” '8

Falguera et al'' reported that leukocytosis was an
important predictor of CPPE or empyema in a patient diag-
nosed with community-acquired pneumonia. Nevertheless,
sonographic echogenicity was not included in previous
studies as a possible predictor of CPPE. In the current study,
leukocytosis was not significantly associated with CPPE
when analyzed using univariate logistic analysis. We found
that sonographic septation and age were better predictors
of CPPE compared with COPD and leukocytosis. More-
over, the AOR was higher for sonographic septation than
for age (AOR 3.38 vs 2.63).

The incidence of pleural space infection is increasing
despite continuous improvements in diagnostic and ther-
apeutic modalities.'” Accurate diagnosis and appropriate
antibiotic treatment can prevent progression from UPPE
to CPPE."” However, the most commonly used scoring
systems to assess the severity of pneumonia, such as the
Pneumonia Severity Index, CURB-65 (consciousness, urea
nitrogen, respiratory rate, blood pressure, and age (above
or below 65)), and Acute Physiology and Chronic Health
Evaluation (APACHE II), are of no prognostic value for
the development of CPPE.*” The imbalance of fibrinogen-
esis and fibrinolysis increases fibrin deposition and septum
formation, which then envelops the infected area and leads
to regional heterogeneity in the composition of the pleural
fluid. Chest sonography allows for better characterization
of a pleural fluid collection with septation than CT.*' Based
on our findings, we suggest that chest sonography can be
used to detect pleural fluid septation, which can be consid-
ered to represent the formation of CPPE and the risk of
invasive procedures.

Early treatment with antibiotics has been reported
to prevent the development of UPPE and progression
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to empyema in patients with pneumonia.'’ Conversely,
delayed pleural drainage for patients with CPPE has been
reported to result in prolonged hospital stays and increased
medical costs.”> Feller-Kopman and Light* pointed out
that in patients with septated or loculated PPE, early VATS
should be considered if the patient is a good surgical candi-
date, or alternatively treated with 14-French chest tube
thoracostomy or tissue plasminogen activator and deoxy-
ribonuclease (t-PA-DNase) in a poor surgical candidate
after multidisciplinary discussion. Our results disclosed
that sonographic septation has good specificity (89.9%)
and a high positive predictive value (88.6%) in predicting
the need for invasive procedures in patients with infectious
lung diseases and pleural effusion, which were in line with
the statement of Feller-Kopman and Light.”* For the deci-
sion of chest tube placement, it is very challenging without
biochemical analysis of the pleural effusion during the
initial thoracentesis. Our results suggest that it is possible
to consider an early chest tube placement during the initial
thoracentesis in patients with clinically suspected PPE and
sonographic septation.

There are several limitations to the current study. First,
this study focused on the correlation between clinical
parameters and sonographic septation with the develop-
ment of CPPE and the subsequent need for an invasive
procedure. We did not investigate the influence of treat-
ment such as antibiotics on clinical outcomes in this study.
Second, although we found that physicians performed
invasive procedures more frequently for patients with
sonographic septation, we still could not conclude that the
clinical application of sonographic septation may affect the
prognosis. Further studies are needed to investigate the
association between sonographic septation and invasive
procedures and its influence on prognosis in patients with
non-purulent PPE.

In conclusion, sonographic septation is a useful predictor
of CPPE. Chest sonography may adjudicate on the decision
of invasive procedures in patients with non-purulent PPE.
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