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Abstract

Due to their often peripheral pleural-based location, pneumonias can be visualised by B-mode ultrasound. Therefore, sonography
can be used as an alternative imaging modality to chest X-ray in suspected cases of pneumonia. Depending on the clinical back-
ground of the patient, and various underlying pathological mechanisms, a heterogeneous pattern of pneumonia is seen in both B-
mode lung ultrasound and contrast-enhanced ultrasound. Here, we describe the spectrum of sonographic manifestations of pneu-
monic/inflammatory consolidation on B-mode lung ultrasound and contrast-enhanced ultrasound.
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Introduction

Radiological examination, including chest X-ray and computed
tomography, are the conventional imaging techniques for the
evaluation of pulmonary pathology.'™ Despite known limita-
tions, such as high interobserver variability, interdevice vari-
ability, absence of overview, and inability to visualise the
central lung areas, transcutaneous lung ultrasound (LUS) can
be used in clinical practice as point-of-care sonography for the
evaluation of pleural-based lung pathologies in the emergency
department,”® in intensive care units,”” in palliative care units,®
in paediatrics,” in ambulance settings'® and generally in outpa-
tient care.'' Here, the LUS functions as the physician’s new
“stethoscope”.'>'”> Indeed, LUS is currently the standard
procedure in the detection of pleural effusion.'**®
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The diagnosis of pneumonia is made clinically, taking into
account the patient’s medical history and possible underlying
risk factors.'” The imaging method is only of secondary impor-
tance for diagnostic verification. For the imaging diagnosis of
community-acquired pneumonia (CAP), LUS has a diagnostic
accuracy at least equal to conventional chest X-ray and is rec-
ommended in guidelines as an alternative procedure for the
diagnosis of pneumonia.”*>* Pneumonia is present in 38% of
cases where the patient presents with dyspnoea and can be
diagnosed by ultrasound.®* A distinction must be made
between CAP and the heterogeneous clinical picture of
hospital-acquired pneumonia (HAP). In the clinical inpatient
setting, LUS can be used at the bedside in both CAP and HAP
in addition to standard imaging for short-term follow-up,
predominantly in cases where the course of the disease is
atypical, there are complications, clinically absent regression,
and possibly needing diagnostic confirmation by ultrasound-
guided biopsy.*>*°
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B-LUS and CEUS patterns of pneumonia

B-mode LUS patterns of pneumonia have been adequately
described.”” CEUS enables the additional evaluation of perfu-
sion patterns of pneumonia in terms of type of enhancement
(pulmonary arterial vs. bronchial arterial), extent of enhance-
ment (EE; isoechogenic vs. hypoechogenic vs. absent), homo-
geneity of  enhancement (HE; homogeneous vs.
inhomogeneous), and decrease of enhancement (DE; early
washout [<120 s] vs. late washout [>120 s]).25° In this regard,
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Spleen
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contrast-enhanced ultrasound (CEUS) can provide valuable
information in addition to B-mode LUS.**** The aim of this
Pictorial Essay is to present to the clinical practitioner the
different B-mode LUS and CEUS patterns of pneumonia
according to the clinical background of the patients. The basic
assessment criteria of CEUS in pulmonary pathologies in
general are explained with accompanying illustrations
(Figures 1-4).

(b)

Figure 1: (a) Graphical illustration of early pulmonary-arterial enhancement in a lung consolidation (LC) in comparison with the enhancement of
thoracic wall (TW) and spleen. On contrast-enhanced ultrasound, the LC reveals a complete contrast enhancement before the beginning of sys-

temic enhancement of TW and, spleen. (b) Graphical illustration of delayed bronchial-arterial enhancement in a LC in comparison with the
enhancement of TW and spleen. On contrast-enhanced ultrasound LC reveals a contrast enhancement simultaneous with systemic enhancement

Figure 2: (a) Graphical illustration of marked extent of enhancement on contrast-enhanced ultrasound in a lung consolidation (LC) in comparison
with enhancement of the thoracic wall (TW) and spleen. (b) Graphical illustration of reduced extent of enhancement on contrast-enhanced ultra-

sound in a LC in comparison with enhancement of the TW and spleen.

Figure 3: (a) Graphical illustration of homogeneous enhancement by contrast-enhanced ultrasound in a lung consolidation (LC) in comparison
with enhancement of the spleen. (b) Graphical illustration of inhomogeneous enhancement with non-perfused areas by contrast-enhanced ultra-

sound in a LC in comparison with enhancement of the spleen.
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Peak enhancement

Peak enhancement
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Figure 4: (a) Graphical illustration of late washout of enhancement on contrast-enhanced ultrasound in a lung consolidation (LC). On contrast-
enhanced ultrasound (CEUS), the LC reveals no decrease of enhancement after 120 s in comparison with peak of enhancement of the LC (late
wash-out) (b) Graphical illustration of early washout of enhancement on contrast-enhanced ultrasound in a LC. On CEUS, the LC reveals a marked
decrease of enhancement after 120 s in comparison with peak of enhancement of the LC (early wash-out).

Typical perfusion patterns of pneumonia on CEUS

The diagnosis of pneumonia is based on the clinical symptoms
of the patient (fever, cough, or dyspnea) and pathological
changes in laboratory parameters (increase in inflammation
parameters).”> Pneumonia can be differentiated into intra-

alveolar pneumonia (pleuropneumonia, lobar pneumonia)***”

(Figures 5 and 6) and interstitial pneumonia (Figure 7).
Patients with pleuropneumonia — focal peripheral pneumo-

nia with simultaneous pleurisy - present with respiratory loca-

lised pleural pain.** Pleuropneumonia is characterised by a

Figure 5: A 30-year-old female patient presented to the emergency department with respiration-dependent chest pain and fever. (a) Visualisation
of an unremarkable chest X-ray (courtesy of Prof. Dr. Andreas H. Mahnken, Department of Radiology, University Hospital Marburg); (b) B-mode
ultrasound shows a hypoechoic, wedge-shaped, pleural consolidation; (c) on contrast-enhanced ultrasound, the lesion shows a pulmonary arte-
rial, homogeneous perfusion pattern of enhancement, consistent with community-acquired pleurisy.
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Figure 6: A 36-year-old female patient presented to the emergency department with cough, sputum, fever, and tachycardia. Visualisation of a
right-sided, low-field consolidation on chest X-ray (courtesy of Prof. Dr. Andreas H. Mahnken, Department of Radiology, University Hospital Mar-
burg) (a); B-mode ultrasound (b) shows a hypoechoic consolidation with air bronchogram (arrow); on contrast-enhanced ultrasound, compared
with the liver (L), after 9 s (c) the lesion shows a pulmonary arterial perfusion pattern, with a marked homogeneous enhancement after 2 min (d),
consistent with community-acquired pneumonia.

Figure 7: A 57-year-old female patient presented to the emergency department with weakness and a dry irritable cough. A chest X-ray (courtesy
of Prof. Dr. Andreas H. Mahnken, Department of Radiology, University Hospital Marburg) (a) shows a right-sided infiltration of the lung; B-mode
ultrasound shows the healthy left lung (b), with a smooth, pleural entry echo and multiple A-lines (arrow); and a right-sided lung (c) with a reflexo-
genic lung with an irregular pleural entry echo and multiple B-lines (arrows), consistent with community-acquired interstitial pneumonia.

Figure 8: A 51-year-old patient presented to the emergency department with shortness of breath and respiratory pain. Computed tomography
was performed to rule out pulmonary artery embolism. The computed tomography scan (courtesy of Prof. Dr. Andreas H. Mahnken, Department
of Radiology, University Hospital Marburg) (a) shows a right-sided dorsal consolidation; B-mode ultrasound shows a homogeneous, hypoechoic
consolidation (b), which regressed in size after 4 days with increasing air bronchogram (arrow) (c), and with almost complete regression after
4 weeks (d), compatible with community-acquired pneumonia.
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Figure 9: A 66-year-old patient presented to the emergency department with severe dyspnea, right thoracic pain, severe cough, and yellowish
sputum with hemoptysis, and with subfebrile temperatures. Visualisation of a right-sided, paracardial consolidation on chest X-ray (courtesy of
Prof. Dr. Andreas H. Mahnken, Department of Radiology, University Hospital Marburg) (a); B-mode ultrasound (b) reveals a hypoechoic consolida-
tion with central air bronchogram and multiple fibrin septa (arrow); on contrast-enhanced ultrasound (c), the consolidation after 5 seconds
demonstrates a homogeneous, pulmonary arterial pattern of enhancement, where the fibrin threads show an absence of enhancement consis-
tent with pneumonia with parainfectious polyseptated effusion. Thoracoscopic pleural decortication was performed.

Figure 10: A 62-year-old female patient presented to the emergency department with shortness of breath and left-sided flank pain. Presentation
of a left-sided subfield consolidation on the thoracic X-ray (courtesy of Prof. Dr. Andreas H. Mahnken, Department of Radiology, University Hospi-
tal Marburg) (a); on B-mode ultrasound (b), a hypoechoic consolidation with an oval, pleural, nearly anechoic area (arrows) is seen (AO = aorta,
S = spleen); on contrast-enhanced ultrasound (c), the consolidation shows a homogeneous perfusion pattern of enhancement after 16 seconds.
Furthermore, a pleural-based oval area with absent enhancement and marked wall enhancement is present, consistent with community-acquired
pneumonia with pleural empyema (E). A diagnostic/therapeutic thoracentesis of the empyema was performed.

peripheral pleura-based consolidation on B-mode LUS, with
homogeneous pulmonary-arterial enhancement on CEUS
(Figure 5).34

Patients with lobar pneumonia usually have a poor general state.
Lobar pneumonia is characterised by a diffuse consolidation with
or without air bronchogram on B-mode LUS and homogeneous
pulmonary-arterial enhancement on CEUS (Figure 6).”%"

104 AJUM May 2023 26 (2)

Interstitial pneumonias are caused by viruses (e.g. coron-
avirus SARS-CoV-2) or by bacteria (e.g. mycoplasma, chlamy-
diae, CO)(iellae).36’37 Furthermore, in patients with pneumonia
symptoms, the presence of an irregular pleural line with multi-
ple B-lines (interstitial syndrome) on B-mode LUS may indicate
interstitial pneumonia (Figure 7).3® Due to the absence of con-
solidations, CEUS examination is not indicated.
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Figure 11: An 84-year-old patient with cachexia, general weakness, dry cough, and purulent sputum presented to the emergency department.
Presentation of a left-sided, low-field consolidation on chest X-ray (courtesy of Prof. Dr. Andreas H. Mahnken, Department of Radiology, Univer-
sity Hospital Marburg) (a); B-mode ultrasound (b) shows a complex, hypoechoic consolidation with central, anechoic, confluent areas; contrast-
enhanced ultrasound (c) reveals an inhomogeneous, pulmonary arterial pattern of enhancement after 7 seconds, with multiple anechoic areas
with an absence of enhancement, consistent with community-acquired abscessed pneumonia.

Figure 12: A 30-year-old female patient presented to the emergency department with mild dyspnea, cough, and weakness. Left-sided consolida-
tion was seen on chest X-ray (courtesy of Prof. Dr. Andreas H. Mahnken, Department of Radiology, University Hospital Marburg) (a); B-mode
ultrasound (b) shows a complex, hypoechoic consolidation with a marked air bronchogram; contrast-enhanced ultrasound shows a homoge-
neous, pulmonary arterial pattern of enhancement after 13 seconds (c), with early and marked washout after 1 minute (d) and 2 minutes (e), con-
sistent with pulmonary arterial vasoconstriction. The findings are suggestive of community-acquired lobar pneumonia.

Figure 13: A 51-year-old smoker presented to the emergency department with fever, chills, dyspnea, and chest pain. Left-sided consolidation is
shown on chest X-ray (courtesy of Prof. Dr. Andreas H. Mahnken, Department of Radiology, University Hospital Marburg) (a); B-mode ultrasound
(b) shows a homogeneous, hypoechoic, flat consolidation (S = spleen); contrast-enhanced ultrasound reveals an inhomogeneous, pulmonary
arterial pattern of enhancement after 8 seconds (c), whereas, after 30 seconds (d), the lung shows a widely homogeneous enhancement, possi-
bly due to bronchial arterial perfusion; after 4 minutes (e), hypoechoic areas (arrows) are demarked, indicating community-acquired pneumonia
with primarily impaired, pulmonary arterial perfusion.

© 2023 The Authors. Australasian Journal of Ultrasound in Medicine published by AJUM May 2023 26 (2) 105
John Wiley & Sons Australia, Ltd on behalf of Australasian Society for Ultrasound in Medicine.



Safai Zadeh, et al.

Uncomplicated pneumonia shows a characteristic CEUS pat-
tern with homogeneous pulmonary-arterial enhancement (Fig-
ure 6) and is characterised by a corresponding rapid regression
under therapy (Figure 8). A parainfectious effusion (Figure 9),
pleural empyema (Figure 10), or pulmonary abscess (Figure 11)
indicates a complicated course and can be detected in CEUS
examinations. Pleural empyema is characterised by pleural

thickening with marked enhancement on CEUS (Figure 10).'
In the case of lung abscess, the lung consolidation shows central
areas with absent enhancement (Figure 11).%¢

In CEUS, further various pulmonary-arterial perfusion dis-
turbances associated with pneumonia can be observed
(Figures 12—15). The lesions may show an early and marked
washout (Figure 12). Furthermore, the lesions may reveal areas

Figure 14: A 37-year-old female patient presented to the emergency department with hemoptysis and fever. Right-sided consolidation was seen
on chest X-ray (courtesy of Prof. Dr. Andreas H. Mahnken, Department of Radiology, University Hospital Marburg) (a); B-mode ultrasound (b)
shows an inhomogeneous, hypoechoic consolidation with signs of an air bronchogram (arrows); on contrast-enhanced ultrasound, the consolida-
tion shows an inhomogeneous, pulmonary arterial pattern of enhancement after 3 seconds (c), with areas showing no pulmonary arterial perfu-
sion (NPA = non-perfused area); after 9 seconds (d), the primary NPA tissue of the lung shows a secondary bronchial arterial perfusion, which is
still demarked as a hypoechoic area after 3 minutes (arrows) (e), indicating a community-acquired pneumonia with primary partial absence of
pulmonary arterial perfusion.

(b)

()

Figure 15: A 21-year-old patient with fever, loss of appetite, and weakness presented to the emergency department. (a) Presentation of a right-
sided consolidation on chest X-ray (courtesy of Prof. Dr. Andreas H. Mahnken, Department of Radiology, University Hospital Marburg); Series (b)
B-mode ultrasound shows an inhomogeneous, hypoechoic consolidation (L = liver); on contrast-enhanced ultrasound, after 2 minutes, the con-
solidation reveals a peripheral, moth-like pleural area without contrast enhancement in overview and magnification (arrows); Series (c) after
2 days, there is regression of the consolidation with a mild air bronchogram (arrow); furthermore, a complete reperfusion of the peripheral non-
perfused areas can be observed, indicating a community-acquired pneumonia with primarily disturbed, peripheral, pulmonary arterial and bron-
chial arterial perfusion. Final diagnosis was pneumonia due to Mycoplasma pneumoniae.
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Figure 16: A 39-year-old female patient was admitted with unexplained left-sided pleural effusions and respiratory pain. The computed tomogra-
phy (courtesy of Prof. Dr. Andreas H. Mahnken, Department of Radiology, University Hospital Marburg) shows a lung consolidation in the left
upper lobe (a). The lesions reveal an increased Fluorodeoxyglucose uptake on positron emission tomography computed tomography (courtesy of
Prof. Dr. Markus Luster, Department of Nuclear Medicine, University Hospital Marburg) (b). B-mode ultrasound shows a hypoechoic lung consoli-
dation in the left upper lobe (c). On contrast-enhanced ultrasound, after 10 s, the lesion shows an inhomogeneous, bronchial-arterial pattern of
enhancement with small non-perfused areas (d); after 45 s, the lesion still shows an inhomogeneous enhancement (e); after 66 s, the lesion
shows a decrease of enhancement (rapid washout) (f). Ultrasound-guided biopsy showed a granulomatous inflammation. With a positive

QuantiFERON-TB Gold test, a diagnosis of tuberculous pleuropneumonia was made.

of absent perfusion during the pulmonary-arterial phase with
present (Figures 13 and 14) or absent perfusion (Figure 15)
during the bronchial-arterial phase. These patterns may be
hypoxemia-related due to the Euler—Liljestand mechanism.*® In
patients with pneumonia, local hypoxia may cause reflex vaso-
constriction of pulmonary-arterial vessels, with an increase of
local flow resistance.”® In the event of adequate systemic
bronchial-arterial supply (in patients with sufficient cardiac
function), pneumonic consolidation can be perfused by the
bronchial artery (Figures 13 and 14). In the case of inadequate
systemic bronchial-arterial supply (in patients with inadequate
cardiac function), the absence of pulmonary-arterial supply
cannot be compensated by the bronchial artery (Figure 15).*®
However, the definite underlying pathogenesis and clinical rele-
vance of these perfusion disturbances is still unclear.

© 2023 The Authors. Australasian Journal of Ultrasound in Medicine published by

Contrast-enhanced ultrasound pattern of pneumonia with
specific pathogenesis

The sonographic appearance of pneumonia depends on the
underlying aetiology. Therefore, tuberculous pleuropneumonia
shows a bronchial-arterial hypoenhancement with areas of
absent enhancement due to avascular areas (granulomas) and a
rapid washout (Figure 16).* In patients with a clinical or radio-
logical suspicion of tuberculosis, this pattern may be suggestive
of tuberculous pneumonia.*’ Pulmonary candidiasis (Figure 17)
and pulmonary aspergilloma (Figure 18) can also demonstrate
areas of absent perfusion due to avascular areas (abscess, necro-
sis, haemorrhage). The patients frequently have immune sup-
pression due to an underlying malignant disease or systemic
inflammatory disease. However, the definitive diagnosis can be
made only by histological confirmation.*' Various underlying
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Figure 17: A 58-year-old patient with highly malignant lymphoma under aggressive polychemotherapy presented with neutropenia, dyspnea, and
fever. Visualisation of a right-sided, apical lung consolidation on computed tomography (courtesy of Prof. Dr. Andreas H. Mahnken, Department
of Radiology, University Hospital Marburg) (a); B-mode ultrasound (b) shows a hypoechoic consolidation; on contrast-enhanced ultrasound (c), a
central non-perfused area was seen after 2 minutes, with detection of fungal hyphae in the Grocott staining. The diagnosis of fungal pneumonia
in terms of invasive pulmonary mycosis was made. Surgical treatment was rejected by the patient.

Figure 18: A 52-year-old patient with acute myeloid leukaemia under aggressive polychemotherapy, neutropenia, fever, and suspected Aspergil-
lus pneumonia was treated with antifungal therapy for several weeks. An allogeneic bone marrow transplantation was planned. Visualisation of
a right-sided residual peripheral lung consolidation on computed tomography (courtesy of Prof. Dr. Andreas H. Mahnken, Department of Radiol-
ogy, University Hospital Marburg) (a) after therapy; B-mode ultrasound (b) shows a hypoechoic, homogeneous consolidation; contrast-enhanced
ultrasound (c) showed a central smooth-bordered focal lesion with absence of enhancement (NPA = non-perfused area) after 1 minute. A partial
lung resection was performed, and histologically no more fungi could be detected in the resected tissue.

pathomechanisms may lead to radiation pneumonitis (Fig-
ure 19), aspiration pneumonitis (Figure 20), or obstructive
pneumonitis (Figure 21). The diagnosis can be made only based
on the clinical background of the patient.

Disturbance of the pulmonary-arterial supply can result in
pneumonic infarct (Figure 22) and is not unusual in pneumo-
nia caused by sickle cell crisis (Figure 23).*2 However, perfusion
disturbances can also be seen in COVID-19 pneumonia

108  AJUM May 2023 26 (2)

(Figure 24).”” The variable perfusion patterns of these specific
pneumonias can be explained by the underlying pathomecha-
nism.

Pitfalls in the use of perfusion patterns on CEUS in the
diagnosis of pneumonia

On CEUS, chronic organising pneumonia*' (Figure 25) and
granulomatous inflammation (Figure 26)* may show a
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Figure 19: A 66-year-old patient presented with left-sided bronchial carcinoma and shortness of breath and cough. The patient underwent percu-
taneous irradiation of the tumour region up to 50.4 Gy, with subsequent dose increase in the primary tumour area to 59.4 Gy. Computed tomogra-
phy (courtesy of Prof. Dr. Andreas H. Mahnken, Department of Radiology, University Hospital Marburg) (a) shows a left-sided peripheral lung
infiltration; B-mode ultrasound (b) shows a hypoechoic, irregularly bordered consolidation; contrast-enhanced ultrasound reveals no pulmonary
arterial perfusion. After 17 seconds (c) and after 2 minutes (d), a tender bronchial arterial perfusion can be detected, consistent with radiation
pneumonitis.

Figure 20: A 55-year-old male patient presented to the emergency department with respiratory distress due to aspiration of fire-eater oil. Visuali-
sation of a right-sided, homogeneous, middle-lobe consolidation on computed tomography (courtesy of Prof. Dr. Andreas H. Mahnken, Depart-
ment of Radiology, University Hospital Marburg) (a); B-mode ultrasound (b) shows a hypoechoic, irregularly bordered, inhomogeneous
consolidation; contrast-enhanced ultrasound (c) shows a pulmonary arterial perfusion after 17 seconds with a central non-enhanced area (ar-
rows), suggesting the presence of aspiration pneumonia with a complete regression after antibiotic therapy.

16s -
Figure 21: A 70-year-old patient presented with fever, weight loss, shortness of breath, and cough with purulent sputum due to left-sided bronchial
carcinoma. Visualisation of a left-sided, central tumour formation with subsequent inhomogeneous consolidation on computed tomography (courtesy
of Prof. Dr. Andreas H. Mahnken, Department of Radiology, University Hospital Marburg) (a); B-mode ultrasound shows a hypoechoic, inhomoge-
neous consolidation (b); contrast-enhanced ultrasound reveals pure bronchial arterial perfusion after 16 seconds (c). After 1 minute (d), anechoic,
round lesions (arrows) demark, as in obstructive purulent pneumonitis. Bronchoscopic transtumoral recanalization was not successful.

© 2023 The Authors. Australasian Journal of Ultrasound in Medicine published by AJUM May 2023 26 (2) 109
John Wiley & Sons Australia, Ltd on behalf of Australasian Society for Ultrasound in Medicine.



Safai Zadeh, et al.

Figure 22: A 56-year-old patient was in intensive care with fever, shortness of breath, evidence of deep vein thrombosis and pulmonary artery embo-
lism following non-invasive ventilation, and known cardiomyopathy. Visualisation of a right-sided, dorsal, peripheral consolidation on computed
tomography (courtesy of Prof. Dr. Andreas H. Mahnken, Department of Radiology, University Hospital Marburg) (a), with central, pulmonary artery
embolism (arrow); B-mode ultrasound (b) shows a hypoechoic, inhomogeneous consolidation with air reflexes; contrast-enhanced ultrasound (c)
shows inhomogeneous enhancement with non-perfused peripheral areas (NPA) after 18 s, indicating the presence of infarct pneumonia.

- § 2.4min
Figure 23: A 29-year-old male patient presented to the emergency department with respiratory-dependent severe thoracic pain with fever, in the
setting of known homozygous sickle cell disease. Left-sided, dorsal, peripheral lung consolidation was seen on computed tomography (courtesy
of Prof. Dr. Andreas H. Mahnken, Department of Radiology, University Hospital Marburg) (a); B-mode ultrasound (b) shows a hypoechoic, irregu-
larly bordered, inhomogeneous consolidation; contrast-enhanced ultrasound shows only marginal pulmonary arterial perfusion after 9 seconds
(c), with a large, central non-perfused area also visible after 2 minutes (d), consistent with infarct pneumonia caused by sickle cell crisis.

Figure 24: A 23-year-old patient presented with COVID-19 pneumonia. Visualisation of bilateral, milky-glass-like pulmonary infiltrates on computed
tomography (courtesy of Prof. Dr. Andreas H. Mahnken, Department of Radiology, University Hospital Marburg) (a); B-mode ultrasound (b) shows
a hypoechoic, irregularly bordered consolidation; contrast-enhanced ultrasound (c) reveals an inhomogeneous perfusion with areas of reduced/
absent perfusion (arrows) after 16 seconds, indicating the presence of COVID-19 pneumonia with impaired perfusion.
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Figure 25: A 77-year-old patient presented with gastrointestinal stromal tumour under imatinib therapy, with refractory cough, bloody sputum, and
known heart failure. Visualisation of a right-sided, peripheral consolidation on computed tomography (courtesy of Prof. Dr. Andreas H. Mahnken,
Department of Radiology, University Hospital Marburg) (a); B-mode ultrasound shows a homogeneous, hypoechoic, smooth-bordered consolida-
tion (b); contrast-enhanced ultrasound reveals an inhomogeneous perfusion with areas of absent perfusion (arrows) and mild washout of per-
fused areas after 1 min (c) and after 2 min (d). Ultrasound-guided biopsy for suspected carcinoma revealed a diagnosis of organising
pneumonia.

Figure 26: A 56-year-old female patient presented with fever, dyspnea, ear pain, weight loss, and shortness of breath without improvement after
antibiotic therapy; there was laboratory evidence of positive perinuclear anti-neutrophil cytoplasmic antibody levels on serologic examination.
Computed tomography (courtesy of Prof. Dr. Andreas H. Mahnken, Department of Radiology, University Hospital Marburg) (a) shows multiple pre-
dominantly right-sided consolidations; B-mode ultrasound (b) shows a left-sided, hypoechoic, pulmonary limited consolidation; contrast-
enhanced ultrasound shows reduced bronchial arterial perfusion after 6 s (c) and after 30 s (d) with areas of absent perfusion (arrow).
Ultrasound-guided biopsy revealed the diagnosis of granulomatosis with polyangiitis.

(a)

Figure 27: A 62-year-old female patient presented to the emergency department via a general physician with “refractory infiltrate of the lung”,
with fever and cough. Visualisation of a left-sided, pulmonary infiltrate on computed tomography (courtesy of Prof. Dr. Andreas H. Mahnken,
Department of Radiology, University Hospital Marburg) (a); B-mode ultrasound (b) shows a hypoechoic, irregularly bordered consolidation with
suggested air bronchogram (arrow); contrast-enhanced ultrasound shows homogeneous, branch-like, pulmonary arterial perfusion after 13 s (c),
with marked enhancement after 1 min (d) and after 3 min (e); in the absence of regression, ultrasound-guided biopsy (f) (arrows) was performed,
with a diagnosis of lepidic growth mucinous adenocarcinoma.
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Suspicion of pneumonia based on clinical symptoms (fever, cough, or dyspnea) and pathological

changes in laboratory parameters (increase in inflammation parameters)

A 4

B-US

A 4

Consolidation with liquid
areas and/or focal air

Consolidation with branch-
shaped air bronchogram

focal interstitial syndrome
consistent with interstitial

bronchogram pneumonia
B-US follow-up under
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Figure 28: Work up strategy for evaluation of pneumonia. B-US, B-mode ultrasound; BA enhancement, bronchial-arterial enhancement; CEUS,
contrast-enhanced ultrasound; CTPA, computed tomography pulmonary angiogram; DE, decrease of enhancement; HE, homogeneity of enhance-

ment; PA enhancement, pulmonary-arterial enhancement.

bronchial-arterial pattern of enhancement with rapid washout
similar to the pattern of malignancy and are considered to be pit-
falls in the diagnosis of pneumonia. The definitive diagnosis is
made histologically.*>*! Another important obstacle to diagnosis
is lepidic growth adenocarcinoma, which can mimic pneumonia
clinically, on B-mode LUS and on CEUS (Figure 27).*

Conclusion

In summary, pneumonias show a heterogeneous pattern on B-
mode LUS and CEUS. Type of enhancement, extent of
enhancement, homogeneity of enhancement, and decrease of
enhancement are used to evaluate CEUS according to the
guidelines.”*** Sonographic evaluation of findings is based on
clinical background of patients, sonographic follow-up, and in
some cases on ultrasound-guided histological confirmation
(Figure 28). In patients with suspected pneumonia, sonography
provides indicative findings for the final diagnosis.
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