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ABSTRACT: Patients with parapneumonic effusions (PPE) measuring ,1 cm by lateral decubitus

radiograph (LDR) or ,5 cm by lateral erect radiograph (LER) do not require thoracentesis. No

such data exist for chest computed tomography (CCT). The objective of this study was to identify

a PPE measurement by CCT that indicates the need for thoracentesis.

A secondary data analysis of two pneumonia databases was conducted to identify patients with

PPE. Measurements of PPE using LDR, LER and CCT were correlated by linear regression

analysis. The clinical outcome of community-acquired pneumonia patients managed with the

newly defined CCT measurement was evaluated.

PPE was identified in 419 out of 1,460 patients with possible pneumonia. PPE measurements of

1 cm and 5 cm by LDR and LER, respectively, correlated with a measurement of 2.5 cm by CCT.

Out of 95 patients with CCT measurements ,2.5 cm, 31 poor clinical outcomes were reported:

outcome was PPE related (n51); outcome was PPE unrelated (n526); and outcome was not

evaluable (n54). The single case of poor outcome also measured ,1 cm by LDR.

This study indicates that patients with community-acquired pneumonia and a PPE measuring

,2.5 cm by CCT can be managed without the need for thoracentesis.

KEYWORDS: Community-acquired pneumonia, computed tomography, outcome, pleural effusion,

thoracentesis

P
arapneumonic effusions (PPE) result from
inflammation of the visceral pleura as a
consequence of infection of the lung paren-

chyma by bacterial or viral pathogens [1–4]. These
effusions occur in up to 45% of patients with
community-acquired pneumonia (CAP) and have
a 10% chance of progressing to an empyema
with associated increased morbidity and mortality
[2, 4–6]. An important step in the management of
PPE is to ascertain which effusions require further
diagnostic evaluation. Aspiration is recommended
in patients with a PPE .1 cm measured by lateral
decubitus radiograph (LDR) [2, 7], or in patients
with a PPE .5 cm measured by lateral erect
radiograph (LER) [8].

Since the 1980s, there has been a nearly 20-fold
increase in the use of computed tomography [9]. In
our clinical experience, there has been an increased
use of computed tomography pulmonary angio-
grams by emergency room physicians for evaluating

patients with hypoxaemia, many of whom have
CAP. Since chest computed tomography (CCT)
cannot adequately discern which effusions require
thoracentesis by radiographic criteria alone, and
because no measurement similar to LDR has been
established, these patients require subsequent ima-
ging with LDR or LER. This is concerning as a
previous study of PPE described a significant delay
in time to thoracentesis while awaiting LDR [9], and
a delay of successful drainage may result in
increased length of stay, cost, complications and
mortality [3, 4, 10, 11].

We hypothesise that since CCT demonstrates
layering effects similar to LDR, it would provide
an attractive early alternative in patients who have
already received a CCT. Since previous studies
have established a method of correlating measure-
ments between LDR and ultrasound [12], and
between LDR and LER [8], it should be possible to
define a correlation between measurements with
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LDR and CCT. This measurement can be used to define the need
for thoracentesis once a PPE is documented by CCT. Therefore,
we designed a study, first, to determine whether a correlation
exists between PPE measurements by LDR and CCT, and LER
and CCT, and secondly to evaluate whether the newly defined
PPE measurements by CCT can be safely used to define the need
for thoracentesis.

MATERIALS AND METHODS
Study design
This was a secondary data analysis of two retrospective cohort
pneumonia databases comprised of patients hospitalised from
December 2005 to March 2009 at the Robley Rex Veterans
Administration Medical Center (VAMC; Louisville, KY, USA).
One database contained patients with the diagnosis of CAP
enrolled in the Community-Acquired Pneumonia Organization
(CAPO) international cohort study. The other database contained
patients with diagnosis of hospital-acquired pneumonia (HAP)
and ventilator-associated pneumonia (VAP) enrolled in the
Hospital-Acquired Pneumonia Organization (HAPO) study.
Only CAPO and HAPO patients enrolled from the VAMC were
reviewed due to limitations in LDR, LER or CCT availability of
the larger international database. Decisions regarding medica-
tions, laboratory testing, radiography and thoracentesis were left
to the emergency room and hospital provider’s discretion, and
neither CAPO nor HAPO enrolment required any additional
interventions. The VAMC Institutional Review Board approved
both studies (CAPO 350.01 and IMPACT-HAP 519.06).

Study definitions
Pneumonia was defined as new radiographic evidence of a
pulmonary infiltrate, as well as one of the following: new or
increased cough with or without sputum production; tempera-
ture ,35.6uC or .37.8uC; or leukocytosis (.11,000 cells?mm-3),
leukopenia (,4,000 cells?mm-3) or bandaemia .5% [13]. Patients
were defined as having CAP if their infiltrate was present on
radiography within 48 h of admission.

PPE evaluation
Radiographs were excluded from measurements if they showed
any of the following characteristics: uninterpretable due to under
penetration; inability to visualise the inferior margin of the
radiograph; radiographs of the incorrect side (LDR); error in type

of image obtained; loculated effusion; hydropneumothorax;
bilateral effusions (LER); diaphragmatic elevation (LER); effusion
volume too large to determine the fluid level; or patients in the
lateral position (CCT). For the purpose of comparing effusions,
radiographs were excluded from analysis if they were obtained
.72 h apart.

All effusions were measured (in cm) using a ruler incorporated
into the imaging software (CPRS VistA Imaging system; VAMC)
in the following manner. 1) LDR was obtained by measuring
from the delineation of the fluid lamella from the air-filled lung
to a point parallel to the parietal pleura at the inner reflection of
the rib along a path perpendicular to the inferior margin of the
radiograph (fig. 1a). 2) LER was obtained by measuring from
the most inferior visible point of the contralateral sulcus to the
fluid lamella using a path perpendicular to the inferior margin
of the radiograph (fig. 1b). 3) CCT was obtained by measuring
from the parietal pleura–fluid junction to the visceral pleura–
fluid junction in the middle third of the lung (from 1.5 cm above
to 7.5 cm below the carina) along the mid-scapular line, where
the fluid appeared thickest (fig. 1c).

Patient characteristics
For each CAP patient, the following characteristics were
evaluated: demographics; radiographic findings; date and results
of all thoracenteses, including pH, total protein of serum and
fluid, lactate dehydrogenase (LDH) of serum and fluid, albumin,
glucose, Gram-stain and culture, and cytology.

Study outcomes
The clinical outcome of CAP patients managed with clinical
observation without thoracentesis according to the newly defined
CCT measurement was evaluated. Clinical failure was defined as:
death within 30 days of admission; readmission within 30 days
of discharge; tube thoracostomy, thoracotomy or decortication
required during hospitalisation or within 30 days; or pleural fluid
results consistent with complicated PPE or empyema as defined
by the American College of Chest Physician guidelines [14, 15].
Data on patients with clinical failure were reviewed and
discussed amongst a panel of six infectious and pulmonary
disease physicians to classify the outcome as PPE related, PPE
unrelated or not evaluable.

11.22 cm 6.15 cm

b) c)

4.60 cm

a)

FIGURE 1. Techniques for measuring effusions using a) lateral decubitus radiograph, b) lateral erect radiograph and c) chest computed tomography.
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Statistical analysis
LER, LDR and CCT measurements were compared using PASW
software (version 18; SPSS Inc., Chicago, IL, USA) to generate a
linear regression analysis with best-fit line and r2 analysis. The
LDR and LER measurements were defined as independent
variables and the CCT measurements as dependent variables.
The intersection point of the best-fit line with the defined values
of the independent variables (1 cm for LDR and 5 cm for LER)
was then evaluated for CCT and the two results were compared.
The newly defined CCT value was then applied to patients
enrolled in the CAPO database to define the clinical outcomes of
patients with fluid collections ,2.5 cm by CCT.

RESULTS
Correlation of PPE measurements between LDR, LER and
CCT
From a total of 1,460 patients with possible pneumonia, PPE was
identified in 419 patients. The mean¡SD age of these patients was
70.1¡11.7 yrs and 1.2% of patients were female. Of the 419 cases
of PPE, 281 (67.1%) were evaluated by CCT. The available

imaging modalities in patients with PPE are summarised in
figure 2. In patients with PPE, a total of 79 pairs of radiographs
were available for comparison of LDR and CCT, and 76 pairs of
radiographs were available for comparison of LER and CCT. LDR
values of 1 cm and LER values of 5 cm were correlated with CCT
values of 2.5 cm (fig. 3).

Clinical application of CCT measurements in patients with
CAP and PPE
Among the 582 patients with CAP, 240 (41.2%) had PPE. The
results of the evaluation of the 582 patients with CAP for
available radiographs are presented in figure 4. This analysis
showed that 302 (51.9%) CAP patients underwent CCT during
their hospitalisation, with 245 (42.1%) CAP patients receiving
CCT within the first 48 h of hospitalisation. Table 1 shows the
available radiographs for evaluating PPE in the 240 patients with
PPE, as well as the limitations of each modality. CCT was the
method used to evaluate PPE in 75.4% of cases (181 out of 240),
while only 23.8% (57 out of 240) of patients with PPE were
evaluated by LDR and only 37.5% (90 of 240) were evaluated by
LER. After applying our new criteria of 2.5 cm to the 181 patients
with CAP and PPE, we found that 95 patients had measurements
of ,2.5 cm on CCT. The outcomes of these 95 patients with
effusions measuring ,2.5 cm are summarised in table 2. There
were 31 negative outcomes occurring in 29.5% (28 out of 95) of
CAP patients with PPE, with all but five of these poor outcomes
were attributable to causes other than PPE.

Of the five patients with negative outcomes not easily attributable
to other causes, outcome was death in four patients admitted to a
hospice and who had discontinuation of antibiotics or inadequate
documentation. The three remaining poor outcomes were due to
interventions, possibly implying a complicated effusion or
empyema (fig. 3). In the three outcomes with pleural thoracent-
esis indicating complicated effusion or empyema, tube thora-
costomy, thorocotomy or decortication, two cases were not
attributable to the effusion. The first patient had a central line
inadvertently placed into the pleural space with infusion of
normal saline that required urgent thoracotomy. The second
patient had thoracentesis suggesting possible PPE but also had
adenocarcinoma invading the pleural space and chest wall with
associated post-obstructive pneumonia, the effusion was found to
be malignant and not related to the pneumonia. The patient

Pneumonia
(n=1460)

Parapneumonic effusion
(n=419)

Radiographic imaging

No radiographic evidence
of PPE

(n=1041)

LDR
(n=149)

CCT
(n=281)

LER
(n=149)

CCT and LER
(n=76)

CCT and LDR
(n=79)

FIGURE 2. Presence of effusion in 1,460 patients with possible pneumonia

and available radiography for comparison. PPE: parapneumonic effusion; LER:

lateral erect radiograph; CCT: chest computed tomography; LDR: lateral decubitus

radiograph.
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FIGURE 3. Correlation of pleural effusion measurements between a) 79 patients with chest computed tomography (CCT) and lateral decubitus radiograph (LDR) (linear

r250.626) and b) 76 patients with CCT and lateral erect radiograph (LER) (linear r250.623). Horizontal dotted line52.5 cm.

RESPIRATORY INFECTIONS B.K. MOFFETT ET AL.

1408 VOLUME 38 NUMBER 6 EUROPEAN RESPIRATORY JOURNAL



received no drainage procedure and suffered no ill outcomes. The
remaining patient had a complicated PPE with a pleural fluid pH
of 6.89, LDH of 7,914 mg?dL-1, total protein 4.90 mg?dL-1 and
glucose 21 mg?dL-1, and received chest tube drainage, which was
reported to drain purulent material. The LDR measurement in this
patient was 0.93 cm, while the CCT measurement was 2.45 cm.

In patients with CAP and PPE, 43 underwent both LDR and CCT.
LDR was performed after initial CCT in 27 (62.8%) of these
patients. Loculations were found in 24 (10%) out of 240 CAP
patients with PPE, all of whom were detected by CCT during their
initial evaluation. Of these 24 patients, eight underwent both LDR
and CCT. Of these eight patients, only five had partial loculations
with persistent layering that prevented detection by LDR but still
had measurements indicating the need for thoracentesis. One of
these missed loculated effusions was ,1 cm in size and would not
have been tapped without CCT. Its aspiration was consistent with
complicated PPE or empyema. LDR detected only one of nine
cases of loculated effusion as determined by CCT. In all of these
cases, LDR measured .5 cm and aspiration was indicated re-
gardless of the presence of loculation.

DISCUSSION
By correlating measurements between different imaging mod-
alities in patients with PPE, we discovered that a measurement of
2.5 cm by CCT was equivalent to established measurements by

LDR and LER. By applying our new measurement to only those
patients hospitalised with CAP and PPE, we found that a PPE
measuring ,2.5 cm on CCT could be managed conservatively
without thoracentesis. We also found that in our hospitalised
CAP patients, CCT was the initial imaging modality in ,40% of
cases. When PPE was discovered by CCT, .60% of these patients
received subsequent imaging with LDR. When CCT is available
during the first 24 h of hospitalisation, it is probably more
efficient to use a measurement of 2.5 cm to determine the need for
thoracentesis than to delay intervention to wait for LDR, which
may be associated with increased morbidity and mortality, and
should be avoided [3, 4, 10, 11].

The utility of estimating relevant parapneumonic pleural volu-
mes through radiographic measurements was established by
LIGHT et al. [2]. Similar to that seminal paper, we found that
negative outcomes were common in patients with effusions, but
that effusion progression was rare when effusions were small
(CCT measurements ,2.5 cm). Unlike the original LDR study,
we found a single case of disease progression. However, this
failure occurred despite both a measurement of ,2.5 cm on CCT
and ,1 cm on LDR. Given the close approximation of this case’s
measurement to both values, we feel this represents an unusual
occurrence and underscores the importance of clinical judgment
and repeat evaluation in borderline cases, regardless of the means
of measurement.

METERSKY [8] provided evidence that effusions .5 cm in height
on an LER require thoracentesis; this also correlated with our
CCT value of 2.5 cm. Like METERSKY [8], we feel that LDR may
lead to delays in patient care when other modalities, such as LER
or CCT, are readily available [8, 10]. In fact, our study found that
the majority of patients received a CCT prior to LDR. Our study
benefited from a larger population of patients compared with the
study by METERSKY [8] and, thus, provides a more reliable linear
regression model. As our LDR and LER values provided similar
CCT measurements, it supports the previous assertion that LER
measurements of 5 cm are an alternative to LDR. Compared with
LER, CCT had additional benefits, including a successful inter-
pretation rate of 95% (table 1), and allowed better visualisation of
loculations and septations. In our CAP patients, LER failed to
demonstrate 88.9% of loculations visualised by CCT. However,
due to the size of their effusions, all of these patients received

CAP
(n=582)

CCT n=302:
245 during first 48 h

LDR n=57:
43 in first 48 h

PPE
(n=240)

LER n=261:
244 in first 48 h

PPE with CCT n=181:
95 measured <2.5 cm

FIGURE 4. The distribution of radiographs in patients with community-

acquired pneumonia (CAP) with regard to timing and number of patients evaluated.

PPE: parapneumonic effusion; LER: lateral erect radiograph; CCT: chest computed

tomography; LDR: lateral decubitus.

TABLE 1 Available radiographs for comparison in community-acquired pneumonia patients with parapneumonic effusion and
their limitations

LDR LER CCT

Total radiographs 57 90 181

Measurable radiographs 50 (87.7) 64 (71.1) 148 (81.8)

Loculation demonstrated 3 1 24

Uninterpretable 4 (7.0) 25 (28.8) 9 (5.0)

Limitation of interpretation Incorrect side n52,

incorrect radiograph type n51,

massive effusion n51

Bilateral effusion n513,

inadequate visualisation of sulcus n56,

under penetrated n54,

post-thoracentesis n51,

diaphragm elevation n51

Post-thoracentesis n54,

contralateral effusion n52,

hydropneumothorax n51,

massive effusion n51,

image missed n51

Data are presented as n or n (%). LDR: lateral decubitus radiograph; LER: lateral erect radiograph; CCT: chest computed tomography.
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thoracentesis, so this had little clinical significance. In contrast to
LER, we report a case of LDR measurements that neither
indicated the need for thoracentesis nor detected loculations
but, in fact, had a complicated PPE.

While several prior studies have attempted to use either CCT or
magnetic resonance imaging to evaluate pleural effusions, these
techniques have only proven efficacious at differentiating
transudative from exudative effusions, but cannot distinguish
infected from uninfected exudative effusions [16–19]. While
ultrasound can assess fluid volume in a similar way to LDR and
is advantageous because it can be performed on medically
unstable patients and can guide the placement of tubes into
loculated effusions [20], it is limited by its inaccuracy when
assessing small-volume effusions [10] and its failure to recognise
purulent collections in a significant portion of patients [18, 21].
Therefore, measurement by either LDR or LER and subsequent
aspiration is still required in the assessment of PPE; measure-
ments by CCT provide an additional means of evaluating
clinically significant effusions and in aiding clinical judgment.

It is important to note that our study has several potential
limitations. Notably, our study was not prospective in nature and
some outcomes could not be assessed due to enrolment in a
hospice or lack of adequate documentation. When measuring
radiographic images, reviewers were not blinded to the measure-
ments of the other radiographs. While this could introduce some
bias into our results we feel this risk is minimised by the
application of our generated measurement to clinical outcomes.
Our results should also be applied to patients with HAP and VAP
with caution, as our outcome measurements were only possible in
those with CAP. The primary strengths of our study lie in the
number of patients used to generate our linear regression models
and the near identical values for CCT produced by both LDR and
LER regression. Furthermore, our study provides an assessment
of clinical outcomes when applying this novel measurement.
While our study was limited to an elderly population that was
almost exclusively male, we feel that their significant comorbid-
ities characterise most patients hospitalised with CAP by
evaluation of the Pneumonia Severity Index score [22]. It is
possible that, due to differences in pleural space volume between
males and females, our CCT measurement of 2.5 cm may
overestimate the size of an effusion in female patients.

Recently, due to the superiority of this technique, there has been
an increase in the usage of CCT in the evaluation of hypoxic

patients to exclude pulmonary embolism [23]. Although we feel
that LDR still has an important role in the evaluation of PPE, it
can lead to a delay in care when CCT is already available. It is our
belief that patients with CCT measurements of .2.5 cm should
receive thoracentesis without additional imaging. We do caution
interpretation of any measurements that fall very near cut-off
values, and recommend repeat clinical evaluation and imaging.
This study would be best substantiated by a prospectively
designed study to see if it does in fact reduce cost and expedite
time to thoracentesis.

In conclusion, when CAP patients have a CCT readily available,
measurements of ,2.5 cm can be conservatively managed with-
out thoracentesis. We feel it is pertinent to conclude with an
alteration to the famous saying of SAHN and LIGHT [24]: ‘‘The sun
should never set on a parapneumonic effusion’’, unless that
effusion measures ,2.5 cm on CCT.
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