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Ultrasound in Peripheral Pulmonary Air-fluid Lesions:
Color Doppler Imaging asan Aid in Differentiating

Empyema and Abscess
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Background: The aim of this study was to re-evaluate the clinical significance of sonographic

appearances, in particular the application of color Doppler ultrasound (US) imaging, in discriminating

peripheral air-fluid lung abscess from empyema.
M ethods: We retrospectively collected those patients who had had peripheral air-fluid lesions due to

empyema or lung abscess, and undergone color Doppler US and gray-scale US examinations between
January 2003 and October 2007. A total of 34 patients with confirmed lung abscess and 30 patients with
empyema were identified. Four sonographic characteristics were observed and anayzed: 1. the wall
characteristics of the lesions (wall width, luminal margin, outer margin and chest wall angle); 2. split
pleura sign; 3. internal echogenicity (suspended microbubble sign, complex-septated effusions and
passive atelectasis); 4. identification of color Doppler US vessel signals in peri-cavitary lesions
(consolidation or atelectasis).

Results: Among the sonographic characteristics, complex-septated effusions and passive atelectasis
were specific for empyema, but the sensitivity was only 40% (12/30) and 47% (14/30), respectively.
Identification of color Doppler US vessel signals in peri-cavitary consolidation was the most useful and
specific for lung abscess. In our series, if we define the identification of color Doppler US vessel signals
in peri-cavitary consolidation as a predictor for peripheral lung abscess, we can achieve sensitivity,
specificity, positive predictive value and negative predictive value of 94%, 100%, 100% and 94%,
respectively.

Conclusions: Color Doppler US is powerful in differentiating the peripheral air-fluid abscess from

empyema, with high specificity and without any risk.

Key words: Lung abscess, empyema, air-fluid level, color Doppler ultrasound
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The differentiation between lung abscess and empyema is important. Prolonged antibiotic therapy and

el
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postural drainage are appropriate for lung abscess, but early external drainage is essentia therapy for
empyema. Nevertheless, the differentiation by chest radiograph alone is difficult when the empyema
presents with an air-fluid level.™ Friedman and Hellekant® found the most helpful features for
distinguishing lung abscess from empyema are the shape and the relationships of the air-fluid level to the
chest wall: empyema is fusiform and over posterior costophrenic angle location; abscess tend to be
spherical and farther from the ribs. However, the method does not work when the air-fluid lung abscess
attached to the chest wall.* In selected cases, lung abscess and empyema may coexist, further
complicating the clinical interpretation.

Thoracic computed tomography (CT) proves valuable in differentiating lung abscess from empyema.>®
However, the problems of radiation exposure and contrast-induced renal failure sometimes limit its
application. Furthermore, CT is still a relatively expensive imaging examination. With the advances in
imaging technology and computerized functions, chest ultrasound (US) examination has been widely used
in the diagnosis and management of lung cancer, uncommon pulmonary consolidations, mediastinal
tumors, and pleural diseases.”® As reported, the sonographic features of the wall characteristics, shape,
chest wall angle and split pleura sign (thickened visceral and parietal pleural layersseparated by empyema)
® are helpful in differentiation of lung abscess and empyema.*® Lin et a® also showed that the curtain
sign (the movement of air-fluid level synchronized with respiration in ultrasonography) is valuable in

distinguishing pyopneumothorax from lung abscess.

In our daily practice, the split pleura sign was hardly observed in sonography. The sensitivity of the
curtain sign in air-fluid empyema may be lower due to lesion-pleura adhesion resulting from strong
inflammation. Furthermore, lung abscess has not revealed specific imaging signs in previous reports,

whether with CT or US.
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The role of color Doppler US in this issue remains undetermined. Herein, we collected and analyzed
the sonographic appearances of periphera air-fluid lesions in empyema or lung abscess in our hospital.
The aim was to re-evaluate the clinical significance of the sonographic appearances of periphera air-fluid
lung abscess and empyema, in the hope that the sonographic images, in particular the application of color

Doppler US imaging, may be helpful in the differential diagnosis between lung abscess and empyema.



%=

Fs
it
§

i

- g HR

We retrospectively collected and carefully reviewed the medical records of those patients who had had
peripheral air-fluid lesions due to empyema or lung abscess, and undergone color Doppler US and
gray-scale US examinations between January 2003 and October 2007 (58 months) in our hospital. A
mixed diagnosis of empyema and lung abscess were excluded (n =2). A total of 34 patients with
confirmed lung abscess and 30 patients with empyema were identified: all had demonstrated peripheral
air-fluid lesions on their chest radiography and/or CT. A diagnosis of lung abscess or empyema was
accepted based on an appropriate clinical course, thoracic CT images® seria follow-up of chest
radiographs performed, and response to standard therapy. The study was approved by the Institutional
Review Board in our hospital.

Of the 34 patients with lung abscess, 29 were men and 5 were women, with ages ranging from 33 to 79
years (mean, 58 years). The lesion was on the right in 25 and on the left in 9 patients. All 30 patients with
empyema were men. Their ages ranged from 26 to 86 years, with a mean age of 50 years. The lesion was

on theright in 20 and on the left in 10 patients.

¥ ETRP
Chest US Examination

All patients underwent chest sonographic examinations with an Aplio-80 US machine (Toshiba
Medical Systems Co, Ltd, Tokyo, Japan) equipped with a 3.75-MHz convex transducer under the fixed
parameter settings such as power, gain setting of 80 decibels and transmitted focus at a depth of 6 cmin
routine practice. Without prior knowledge of the definite diagnosis, chest US was performed by 3
well-trained pulmonologists with more than five-year experiences under the following standard
procedures.

The patients were examined in supine or sitting positions, as clinically appropriate. Gray-scae US was



first used to localize the whole lesion and then a color Doppler US examination was added. Before the
start of the color Doppler US examination, the Doppler filter was usually set at 100 Hz to eliminate
low-frequency signals from vessel wall motion, and to avoid interference from respiratory and cardiac
movement.'® The color Doppler window was focused on the whole wall of air-fluid lesion to detect flow
signals; if no signals were detected, the steering angle of the color Doppler window was adjusted to -45°
or +45° to avoid the false-negative results. The blood flow in a vessel was seen as a persistent area of
color signal with a tubular, curvilinear, or branching distribution on real-time images; color signals that
persisted in the same location during the respiratory cycle were considered to be blood flow signals and
not due to interference.! The sonographic appearances were recorded regularly on the hard disc of the
commercial US machine.
Inter pretation of Sonographic Appear ances

The recorded sonographic appearances were analyzed carefully, and the following 4 characteristics
were observed: 1. the wall characteristics of the lesion (wall width, luminal margin, outer margin and
chest wall angle); 2. split pleura sign; 3. internal echogenicity (suspended microbubble sign,
complex-septated effusions and passive atelectasis); 4. identification of color Doppler US vessel signals
in peri-cavitary lesions (consolidation or atelectasis).

The suspended microbubble sign was defined as the image scattered with numerous hyperechoic
pinpoints that moved synchronously with respiration in various directions.”® Complex septated effusions
were defined as the presence of strands (hyperechoic lines within the effusion) floating inside the pleural
space, web-like or branching.® Passive atelectasis was defined as homogeneously echoic transformations
with band-like shape on the extent of intrapleural fluid.***

In order to obtain interpretations of the sonographic appearances of the lesion and inter-observer
agreement, three chest physicians (the authors: H.-J.C., C.-Y.T., and W.-H.H.) independently interpreted
all the static images on the recorded hard discs without knowledge of clinical data, laboratory tests, or
pathologic findings. The final interpretations had the concordant agreement of at least two physicians.

When there was not unanimity on a case, that case was labeled as one with interobserver variability.

4
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The characteristics of sonographic appearances in air-fluid lung abscess and empyema were compared
by chi-square test with the use of SPSS software, verson 12.0 (SPSS Inc., Chicago, IL, USA).

Statistically, ap value <0.05 was considered to be significant.
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The sonographic features of lung abscess and empyema are summarized in Table 1. The differencesin
wall characteristics (width uniformity, luminal and outer margins), complex-septated effusions, passive
atelectasis and identification of color Doppler US vessel signals in peri-cavitary consolidation were
significant in the differential diagnosis of these two groups of patients. The chest wall angle, split pleura
sign and suspended microbubble sign had limited value in making a differential diagnosis between the
two diseases.
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In further analyses of wall characteristics, the air-fluid lesions with width uniformity (48% [14/29]),
and smooth luminal (52% [15/29]) and outer margins (50% [15/30]) were highly suggestive of empyema
(Fig. 1). Lung abscess typically had an irregular wall width (91% [20/22]), irregular luminal margin (91%
[21/23]) and blurred outer margin (91% [30/33]) (Fig. 2). However, some wall characteristics could not be
evaluated in 20% (13/64) of patients because of a poor acoustic window. The inter-observer variabilities
were also higher in the interpretation of the wall characteristics (51% of width uniformity, and 40% of
luminal and 32% of outer margins), leading to unreliable conclusions.

On the other hand, the identification of internal echogenicity (suspended microbubble sign,
complex-septated effusions and passive atelectasis) and color Doppler US vessel signals in peri-cavitary
consolidation had good inter-observer agreement (92%~100%). Suspended microbubble sign could be
found in 15% (5/34) of lung abscess and 23% (7/30) of empyema, but without statistical significance. By
contrast, complex-septated effusions and passive atelectasis (Fig. 1) were specific for empyema, but the
sensitivity was only 40% (12/30) and 47% (14/30), respectively. Among the analyzed sonographic
characteristics, identification of color Doppler US vessel signals in peri-cavitary consolidation was the
most useful and specific for lung abscess (Fig. 2). In our series, if we defined the identification of color
Doppler US vessel signals in peri-cavitary consolidation as a predictor for peripheral lung abscess, then

we could achieve the sensitivity, specificity, positive predictive value and negative predictive value of



94%, 100%, 100% and 94%, respectively.
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Lung abscess is defined as a localized area of suppuration with destruction of the lung parenchyma.
Empyema is a pleural-based lesion. Distinguishing between empyema and lung abscess on the basis of
conventional radiographic findings is often difficult (Fig. 3a, 4a, 5a and 6a), because of the inability to
resolve adequately the pleural-parenchymal interface; thus, the actual site of the air-fluid level cannot be

determined.®

Plain film and CT findings emphasizing the shape and wall characteristics have been reported as being
useful for differentiating lung abscess from empyema: abscess tends to be round and empyema tends to be
lenticular; abscess usually appears with anirregular wall width (irregular luminal and outer margins), and
empyema shows width uniformity.6 Our sonographic study had the same findings. However, exceptions
often occur (Fig. 3b). By changing the sonographic plane, the shape may shift from lenticular to oval or
round, and vice versa® In our series, the inter-observer variabilities were around 32~51% in the
interpretation of the wall characteristics. How smooth should be considered “smooth”? How uniform

should be considered “uniform”? Apparently, this differential method is too subjective to be reliable.

Lung compression and split pleura sign were specific features for empyemain CT.® Compression of the
adjacent lung was identified by noting distorted and bowed bronchi and/or pulmonary vessels around the
periphery of the lesion.® As empyema progresses, a fibrin peel coats the surfaces of the visceral and
parietal pleural layers with ingrowth of capillariesand fibroblasts and subsequent thickening. This forms
the basis of the split pleura sign. The split pleurasign is usually seen on contrast materia—enhanced chest
CT images. In the sonographic exam, it is difficult to differentiate the visceral/parietal pleura layers
from lung parenchyma without contrast material enhancement. We could identify only 1 split pleura sign
in 30 empyemas. The sonographic appearance of passive atelectasis develops homogeneously echoic

transformations with band-like shape on the extent of intrapleural fluid (Fig. 1, 5¢ and 5d).'> Passive



atelectasis is specific for empyema in sonography, like lung compression in CT, but was seen in 47% of

al empyemasin our series.

Suspended microbubble sign and complex-septated effusions are specific sonographic characteristics.
Lin et a® found that the suspended microbubble sign might be of value in differentiating empyemic and
nonempyemic hydropneumothorax. However, the suspended microbubble sign was not specific for
empyema. As reported and from our experience, both empyema and lung abscess could have the
suspended microbubble sign, in which the pus was expected to be aspirated (Fig. 3b and 4b).>*? On the
other hand, the complex-septated appearance was specific for pleural diseases, such as complicated
parapneumonic effusions, empyema or tuberculous pleural effusions.® Visualization of complex-septated
effusions was noted in only 40% of all air-fluid empyemas (Fig. 1).

Of the imaging examinations (chest radiograph, CT, US, magnetic resonance imaging, angiography and
fluoroscopy) used in chest medicine, color Doppler USis the only imaging modality capable of assessing
the vessel signals in peripheral pulmonary lesions.*® In pulmonary consolidation, Yang et al*® found
Doppler US was excellent in demonstrating blood flow present in the pulmonary vasculature. The
vascular linear echoes could be traced to the hilar region, which may join the pulmonary artery.’® Lung
abscess is surrounded by the consolidated lung parenchyma, so we assume that the air-fluid abscess may
be encircled by pulmonary vasculature. Thoracic empyema, by comparison, is defined as pus in the
pleural cavity. Compression of the adjacent lung by empyema® may cause a local reduction of blood
flow.'” In comparing Figs. 3 and 4, both pictures had almost the same gray-scale sonographic appearance,
and we could not distinguish between lung abscess and empyema confidently until the application of
color Doppler US. If we define the identification of color Doppler US vessel signals in peri-cavitary
consolidation as a predictor for lung abscess, we can achieve sensitivity, specificity, positive predictive
value and negative predictive value of 94%, 100%, 100% and 94%, respectively. There were no
inter-observer variabilities in our series, because color Doppler vessel signals were easy to recognize.

Although thoracic CT proves valuable in differentiating lung abscess from empyema,>® it has some



limitations. In Figs. 5 and 6, almost the same air-fluid characteristics and split pleurasign are seen in CT.
However, we could identify the difference with US. There are also some advantages to sonography which
make US cooperate with CT in differentiating lung abscess from empyema. First, US s real-time. Second,
US is portable and convenient, and the diagnostic and therapeutic procedures can be done at bed-side for
critically ill patients.'® Third, color Doppler US is the only imaging modality capable of assessing the

vessel signalsin peripheral lung abscess.
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However, there were some weak points in this clinical study. First, the retrospective reading of static
images could not reach 100% correct. Second, we might misjudge “the vessels in passive atelectasis’ as
“the vessels in peri-cavitary consolidation” although the rate of identification of color Doppler US vessel
signals is 14% (2/14) in passive atelectasis and only 6% (2/30) in empyema in our series. To avoid
mistakes there are 3 key points in our experience: First, the passive atelectasis in empyema (Fig. 5¢) is
band-like shape with smooth margin and straight air-bronchograms (not like typical pulmonary
consolidation (Fig. 2), characterized by irregular, serrated and somewhat blurred margin and a marked
tree-shaped bronchoaerogram with ramifications'®); second, the vessels in lung atelectasis, like

air-bronchogram, are relatively straight (Fig. 5d);***°

third, the passive atelectasis does not surround the
air-fluid lesion continuously (Fig. 5¢c). On the contrary, the lung abscess is surrounded by lung
parenchyma with prominat consolidation (Fig. 2 and 6c); the vessels in pulmonary consolidation are

abundant, branching and twisted (Fig. 2, and 6d).

10



In conclusion, color Doppler US is powerful in differentiating the air-fluid abscess from empyema,

with high specificity and without any risk. It isworthy of being widely used in chest medicine.

11
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Table 1. Sonographic Featuresfor the Differential Diagnosis of Air-fluid Lung Abscess and

Empyema
Lung Inter-
_ Empyema
Sonographic Abscess obser ver
_— (N =230) A P value
Findings (N =34) Variabilities
% (no.)
% (no.) % (no.)
Wall characteristics
Width unifor mity 9 (2/22) 48 (14/29) 51 (26/51) 0.003*
Smooth luminal margin 9 (2/23) 52 (15/29) 40 (21/52) 0.001*
Smooth outer margin 9 (3/33) 50 (15/30) 32 (20/63) 0.0003*
Chest wall angle:
Acute 28 (9/32) 45 (10/22) 0.19
22 (12/54)
Obtuse 31 (10/32) 14 (3/22) 0.14
Both 41 (13/32)  41(9/22) 0.98
Split pleura sign 0 (0/34) 3 (1/30) 9 (6/64) 0.28
Internal
echogenicity:
Suspended microbubble
15 (5/34) 23 (7/30) 3(2/64) 0.38
sign
complex-septated
0 (0/34) 40 (12/30) 2 (1/64) 0.00004*
effusions
Passive atelectsis 0 (0/34) 47 (14/30) 8 (5/64) 0.000007*
| dentification of
color Doppler US
vessel signalsin 94 (32/34) 0 (0/30) 0 (0/64) <0.000001*
peri-cavitary
consolidation

Note—Not all features could be assessed in every patient.
* Significant, analyzed by chi-square test.
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Figures

FIGURE 1. Top. a: empyema. A 32-year-old man had an empyema
in the right upper lobe. Ultrasound examination of the chest
revealed a hvpoechoic lesion with complex-septated effusions
(arrow), passive atelectasis (arrowhead). width uniformity, and
smooth luminal and outer margins. Color Doppler ultrasound
could not identify vessel signals in pericavitary atelectasis.
Bottom, b: abscess. A 64-year-old man had an abscess in the
right lower lobe. Ultrasound examination of the chest revealed
a hypoechoic lesion with typical pulmonary consolidation
(characterized by tree-shaped air bronchogram with ramifica-
tions) [arrowhead], irregular wall width, and irregular luminal
and outer margins. Color Doppler ultrasound could identify
vessel signals in pericavitary consolidation (arrow).
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FIGURE 2. Top left, a. to bottom left, e: empyema. Top left. a: radiograph of the chest of a 43-vear-old
man shows an air-fluid level (arrow) in the left lower lobe. .\h'u"rf}f' left. b: grayscale ultrasound
examination reveals a hypoechoic lesion with suspended microbubble sign (arrowhead). irregular wall
width. and irregular luminal and outer margins (wrow). The .\‘(ﬂlu_{_{l'alyhit' characteristics favored lung

abscess. Bottom left, ¢: color Doppler ultrasound, however, could not identify vessel signals in
pericavitary lesion (arrow), which is the typical finding of empyema. Top right, d. to bottom right,
[ abscess. Top right, d: radiograph of the chest of a 37-vear-old man shows an air-fluid level (arrow)
in the right lower lobe. Middle right. e: grayscale ultrasound examination reveals a hypoechoic lesion
with suspended microbubble signs (arrowhead). irvegular wall width, and irregular Inminal and outer
margins (arrow). The snllt:f_{r;ll)llic characteristics favored lung abscess. Bottom :'ij_{fff._f: color |)n|11)|c'1'
ultrasound also could identify vessel signals in pericavitary consolidation (arrow).
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[IGURE 3. Top rlrl'f?, a, to bottom r’;l'f'f, d: empyema. Tu‘: ;r.ﬁ' a: chest l‘lll!iirtj‘l‘lllall of a 39-vear-old man

shows an air-lluid level (arrow) in the right lower lobe. Top center left. b: CT scan image shows a
cavitary lesion with an air-fluid level (arrowhead) and split pleura sign (arrow). Bottom center left.
¢ grayscale ultrasound examination reveals a band-like shape with smooth margin and straight
air-bronchograms (awrrowhead) [not like typical pulmonary consolidation characterized by irregular,
serrated, and somewhat blurred margin and a IIl:l'I'IICt’El tree-shaped air bronchogram with ramifications].
The band-like shape does not surround the air-fluid lesion continuously (arrow), which is a typical
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FIGURE 3. (continued) presentation of passive atelectasis. Bottom !'rﬁ d: the vessels in passive
atelectasis, like the air bronchogram, are lelLlh\ ely straight. Top right, e, to bottom right, h: abscess. Top
right, e: radiograph of the chest of a 47-year-old man shows an air-fluid level (arrow) in the left lower
lobe. Top center right, f: CT scan image shows a cavitary ]esmn with an air-fluid level (arrowhead).
mimicking split plem.{ sign (arrow). Bottom center right. g: grayscale ultrasound examination of the
chest reveals a hypoechoic lesion with suspended microbubble sign (arrowhead), which is surrounded
by whole-hig parenchyma (arrow). Bottom right, h: color Duppler ultrasound can identify vessel
signals in pericavitary consolidation in a lung abscess. The vessels in pulmonary consolidation are
abundant, branching, and twisted.
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