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Abstract.
AIM: Use of contrast enhanced ultrasound (CEUS) in severe cases of COVID-19 infection to assess pulmonary changes near
the pleura.
MATERIAL AND METHODS: Bedside examinations by an experienced intensive care unit examiner using a multi-
frequency probe (C1-6 MHz) with B-mode and CEUS to assess pleural-near changes in severe cases of COVID-19 infection
with respiratory failure. CEUS with bolus delivery via a central venous catheter of 2.4 ml Sulphur hexafluoride microbubbles
from the arterial phase (10–15 s) to the late phase of 5 min. Digital storage of cine sequences of the lung sound with abdomen
for independent assessment with the subsequently performed contrast-enhanced dual-source CT.
RESULTS: In 11 intubated and ventilated patients (arithmetic mean 62 years, 48 to 78 years, 3 women) with confirmed
severe COVID-19 infections, a peripherally accentuated consolidation with irregular hyperemia was found in the CEUS and
also in the CT examination. Of the 5 cases with pulmonary arterial embolisms, signs of right ventricular failure were found. In
all cases, using CEUS low perfused areas of the pleura with adjacent hyperemia could be detected, while, with CT segmental
contrast medium, gaps with subpleural compressions were found. Interstitial changes near the pleura led to B-lines and to
ground glass opacities in the CT. Near the diaphragm a delayed arterial contrast of the liver was observed. In addition, in 2
cases partial atelectasis, in 3 cases marginal pleural effusions were found.
CONCLUSION: CEUS opens up new possibilities for bedside monitoring of pleural reactive inflammatory or peripheral
thrombus embolism in severe cases of COVID-19 infection.
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1. Introduction

In the course of the worldwide pandemic caused by COVID-19 infections, imaging of pulmonary
changes is of great diagnostic importance. Early peripherally prominent reactive changes, mostly inter-
stitial, but also severe courses with consolidations up to acute respiratory distress syndrome (ARDS)
have to be assessed. Increasingly, both computed tomography (CT) and ultrasound diagnostics are
used [1–3].

In case of indications of pulmonary arterial embolism (LAE), a spiral CT with contrast medium is
performed. Not only central embolisms but also peripheral embolisms resulting in infarct pneumonia
must be detected. This can be done safely up to segmental level. Further peripherally, the examination
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conditions and the possibility to examine without respiratory artifacts are crucial for CT. This is
where targeted ultrasound diagnostics can be used. It is important to differentiate between reactive
inflammatory changes close to the pleura and post-embolic reduced ventilation. Without contrast
medium, however, perfusion changes cannot be detected [2–7].

CEUS allows dynamically to detect perfusion changes down to capillary level using sulphur hex-
afluoride microbubbles as contrast medium (SonoVue/Bracco) [8, 9]. In addition, changes in organ
perfusion in severe cases of COVID-19 infection in intubated and ventilated patients with impaired
renal function can be recorded dynamically with CEUS [20]. While ultrasound examinations of the
lung are increasingly used, CEUS for pulmonary changes is already part of the EFSUMB Guidelines,
but is reserved for specific topics [10, 11].

Aim of this pilot study was to detect pulmonary microcirculatory changes in severe cases of COVID19
infection using bedside CEUS diagnostics in intensive care units and to evaluate these changes in
correlation to the independently performed CT.

2. Material and methods

For the assessment of pulmonary changes in COVID-19 infections, ethics and recommendations are
available from the professional societies, which have been joined by local commissions in the context
of the pandemic. In most cases, examinations are performed with B-mode sonography or native spiral
CT [1, 5, 12–15].

In the clinical diagnosis of a suspected pulmonary arterial embolism the contrast medium enhanced
spiral CT was used [5, 6, 14–18]. For this purpose, triggering was performed on the pulmonary trunk
in order to achieve an early high contrast with 60 to 80 ml iodine-containing contrast medium with the
highest resolution by dual-source multislice CT (Somaton/Senation Plus/Siemens, Erlangen Germany)
with reconstructions of slice thicknesses down to only 1 mm axial and coronary reconstructions.

COVID-19 infectious lesions were evaluated by 2 independent radiologists according to the expert
recommendations regarding peripherally accentuated ground glass alterations as sign of early pul-
monary changes or consolidations in advanced course. Thromboembolism was assessed as contrast
gaps in the pulmonary arteries down to at least segmental level and accompanying peripheral blood
flow loss.

After 2 to 5 days in the intensive care unit in severe cases of COVID 19 infection with respiratory
obligation bedside examinations were performed by an experienced examiner using B-mode and CEUS
to assess pleural changes and organ perfusion near the diaphragm. The examinations were carried out
with a multi-frequency probe (C1-6 MHz) with a medium or high-end device (LOGIQ S8/ LOGIQ
E9/GE), taking into account the special hygiene measures required.

CEUS was performed after bolus administration of 2.4 ml sulphur hexafluoride microbubbles
(SonoVue/BRACCO) with 10 ml saline solution from arterial phase (10-15 s) to late phase of 5 min.
DICOM cine sequences of the lung with abdomen were digitally stored in the PACS for independent
evaluation. By independent readers CEUS images of the clips were analysed. Contrast enhancement
was documented and differentiated between inhomogeneous and absent enhancement. The inhomoge-
neous patchy pattern was characterized as vascularized lesions with coexisting pleural-shaped avascular
areas of various extent considering the EFSUM Guidelines [11].

3. Results

Table 1 shows demographic and clinical data from patients included.
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Table 1

Demographic and clinical data

Age Sex COVID-19 CT US/ CT/US CEUS CT CEUS CT/US
infection, ground CEUS CEUS pleural pulmonary pleural atelectasis

respiratory glas B- consoli hyperemia arterial perfusion
failure opacity lines dations embolism defects

78 m X X X X X X
52 m X X X X X
55 m X X X X X X X
66 m X X X X X X X
68 f X X X X X
61 m X X X X X X X
64 m X X X X X
65 f X X X X X X
55 m X X X X X X X
68 m X X X X X X X
48 f X X X X X X X

Fig. 1. 1A: Contrast enhanced computed tomography (CT) of a 48 years old male COVID-19 patient with pulmonary arterial
embolism of the right lung (arrow) and consolidation on both sides. Documentation with two different windows for vascular
structures and lung parenchymal changes.

In 11 intubated and ventilated patients (48 to 78 years, mean 61.8 ± 8.7 years, 3 women) with
confirmed COVID-19 infections with severe course, a peripherally pronounced consolidation with
irregular hyperemia were found in the CEUS and the CT examination. In addition, in two cases partial
atelectasis, in three cases marginal angulation were detected. In the five patients with pulmonary
embolism signs of right ventricular failure were found.

Figure 1: B-mode and contrast enhanced ultrasound (CEUS) of the same 48 years old male COVID-
19 patient with pulmonary arterial embolism of the right lung (arrow) and appositional consolidation.
Embolism defects with irregular pleural effusions, central devascularization and marginal hyper-
enhancement. Irregular parenchymal hyperemia corresponding to the inflammatory consolidations
(asterisk).

Lung ultrasound sign of inflammatory reactions include various forms of B-lines, irregular or
fragmental pleural lines, pleural effusion and absence of lung sliding. Appositional an explosion of
multiform vertical artefacts and separate and coalescent B-lines were detected. In 2 cases of ARDS the
pleural lines were irregular or fragmented. In cases of pneumonia light beam artefact was observed.
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Fig. 2. 2A: Contrast enhanced computed tomography (CT) of a 56 years old female COVID-19 patient with pulmonary
arterial embolism of the right lung (arrow) and consolidation on both sides. Documentation with two different windows for
vascular structures and lung parenchymal changes.

This artefact corresponds to the early appearance of ground glass opacities detected in computed
tomography.

Figure 2: B-mode and contrast enhanced ultrasound (CEUS) of the same 56 years old female
COVID-19 patient with pulmonary arterial embolism (arrow) and appositional consolidation.
Embolism defects with irregular pleural effusion, central devascularization and marginal hyper-
enhancement. Irregular parenchymal hyperemia corresponding to the inflammatory consolidations
(asteriks).

In all 11 patients bilateral, patchy distribution of multiple cluster areas with the light beam
sign, alternating with areas with multiple separated and coalescent B-lines and well-demarcated
separation from large spared areas were observed. The pleural lines were partially irregular
and fragmented. Sliding was preserved, multiple consolidations limited to the periphery of the
lung and light beam artefacts could be visualized below small peripheral consolidations and
zones with irregular pleural lines. Five patients with pulmonary arterial embolisms showed signs
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Fig. 3. 3A: Contrast enhanced computed tomography (CT) of a 55 year old female COVID-19 patient with pulmonary
arterial embolism of the lung (arrow) and consolidation on both sides. Documentation with two different windows for
vascular structures and lung parenchymal changes.

of right ventricular failure. In all cases of peripheral embolic lesions, using CEUS subpleu-
ral circumscripted centrally non-perfused areas of the pleura with adjacent marginal hyperemia
could be detected, while with CT segmental lower contrasted areas with pleural effusion were
found.

CEUS patterns of peripheral pleural lesions in the patients with confirmed pulmonary embolism
were no enhancement and/or inhomogeneous enhancement with areas of no enhancement typically
for peripheral embolism and more homogeneous arterial enhancement as a sign for inflammatory
reactions. Pleural effusions detected by CT were associated with pulmonal arterial enhancement in
CEUS corresponding to typical perfusion pattern of atelectatic consolidation. Lesions smaller than
10 mm in size showed no enhancement in the centre.

Figure 3: B-mode and contrast enhanced ultrasound (CEUS) of a 55 old female patient with pul-
monary arterial embolism (arrow) and appositional consolidation. Embolism defects with irregular
pleural enhancement, central devascularization, marginal hyperenhancement and pleural effusion.
Irregular parenchymal enhancement and B-lines of inflammatory consolidation (asterisk). Reduced
peripheral enhancement of the liver (black arrow).

Near the diaphragm a delayed arterial contrast of the liver near the capsule was observed in all cases.
In 2 cases also perihepatic serous fluid was found.
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Fig. 4. Computed tomography (CT), B-mode and contrast enhanced ultrasound (CEUS) of a 68 old female COVID-19 patient
with pulmonary infection (arrow) and pleural effusion. Irregular pleural enhancement, irregular parenchymal enhancement
and B-lines of inflammatory consolidation (asterisk).

4. Discussion

The first results of this pilot study confirm the assessment that by means of contrast-enhanced
ultrasound (CEUS) peripheral blood flow deficiencies, embolisms in the context of pulmonary artery
embolism, microinfarcts and reactive hyperemia in the case of consolidation and pleural irritation in
the pulmonary periphery can also be detected bedside. Thus, CEUS can contribute to an improvement
in the follow-up of severe infection constellations and embolisms in COVID-19 infections.

The signs seen in the B-mode ultrasound of patients with COVID-19 are similar to those extensively
described in patients with other types of pneumonia. These include various forms of B-lines, an
irregular or fragmented pleural line, consolidations, pleural effusions and absence of lung sliding. The
lung ultrasound (LUS) of patients with COVID-19 usually shows an explosion of multiform vertical
artifacts and separate and coalescent B-lines. The pleural line may be irregular or fragmented as is
commonly observed in ARDS. As stated above none of these signs is pathognomonic to COVID-19
pneumonia and their presence is variable [1].

The fact that CEUS has a high diagnostic potential for the detection of peripheral embolisms and
reduced blood flow in the lung was already mentioned in the recommendations of the EFSUMB
guidelines and the results of other working groups [11, 17, 18]. In COVID-19, CEUS is limited in
severe disease progression by the fact that the use of sulphur hexafluoride microbubbles can lead to
right heart failure with pulmonary hypertension. Often, restricted right heart function is part of the
severe course of disease in COVID-19 infections.

In COVID-19 infections, interstitial reactive lung changes are often found in the periphery, which
can then lead to consolidation and the possible consequence of pulmonary artery embolisms with
peripheral infarction pneumonia. In severe disease progression, all forms of severe lung damage up
to ARDS can be found. Computed tomography in high-resolution technology can visualize early
interstitial changes and record them clearly [4–7, 14, 15].
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When using dual-source CT, even with optimal contrast, pulmonary artery embolisms can be detected
down to segment level [2, 5]. For a severely ill COVID-19 patient, however, the support also means
complex repositioning and transport with a high level of personnel care [19]. In addition, the contrast
medium of CT imaging can pose a considerable risk to the kidneys, which are often already limited in
their function. This is an advantage of contrast agent sonography (CEUS), since there is no impairment
of kidney function when using sulphur hexafluoride microbbubles (SonoVue®) [10, 11, 20].

In preliminary studies, the potential of CEUS for a dynamic recording of organ microperfusion
in severe COVID-19 infection could be demonstrated with regard to abdominal sonography [21].
However, this raises the question of accompanying changes in the CEUS dynamics from the basal
lung sections near the diaphragm. However, these initial investigations indicated reactive changes in
consolidation, pleural irritation with hyperemia, but also peripheral mosaic perfusion, which often
occurs after peripheral microemboli. In correlation to CT, CEUS thus offers a targeted control of lung
changes. However, contrast agent administration in CEUS is associated with a risk of right heart failure
and arterial hypertension, but also used for early diagnosis of peripheral embolic consolidations [1,
16–18].

Considering the literature a CEUS pattern of absent or nonhomogeneous enhancement was suspicious
(typical) of embolic consolidations (EC) [16–18], whereas a pattern of homogeneous PA enhancement
was considered to be atypical of EC. Peripheral lesions showed a CEUS pattern suspicious of EC in
80% of the patients, with no enhancement in 40% and nonhomogeneous enhancement in another 40%.
A CEUS pattern of homogeneous PA enhancement, atypical of embolic consolidations, was identified
in the remaining 20% of the patients. Pulmonary lesions larger than 1 cm showed vascularization more
often than smaller lesions (p < 0.001) [16].

The high frame rate and high level of detail right down to the microcirculation opens up new
possibilities for CEUS for targeted monitoring in the severe course of a COVID-19 infection. In
particular, dynamically changing ventilation or perfusion deficits that change relatively quickly can be
examined in intensive care units with appropriate US devices. The extent to which CEUS can be used
to comprehensively image truly peripheral infarcts or micro embolic consolidations must be critically
reviewed. At least after the confirmed diagnosis by CT, targeted monitoring can be carried out [1,
12–15, 19].

Possible indications for the use of CEUS would be an increasing compression of basal lung sections
with constriction of arterial vessels, restriction of arterial capillary microcirculation and restriction of
respiratory function. In addition, CEUS also enables the dynamic assessment of organ microcirculation,
especially of the liver and kidneys [21]. Here, reduced perfusion is common in severe infectious to
septic clinical pictures and, as with COVID-19 patients, may require the use of ECMO treatment.

The use of CEUS for lung diagnostics is still restricted to individual cases. However, especially in
the stage of increasing renal function impairment, CEUS can open up new diagnostic possibilities with
regard to pulmonary changes in microvascularization. These must be examined by multicenter studies
before a final evaluation is possible.
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