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AHHOTALNA

LLInpokoe pacnpocTpaHeHWe HOBOW KopoHaBupycHoiM MHdekummn (COVID-19) npuBeno K akTMBHOMY U3Y4eHUIO e€ auar-
HoCTUYecKux ocobeHHocTei. OcTpas BUpYCHas NHeBMOHMA, cBsizaHHas ¢ COVID-19, yxe noapobHo onucaHa no pesynbTatam
KOMMbIOTEPHOI TOMOrpadum, peHTreHorpadmm U CTaTUHECKOW MarHUTHO-Pe30HaAHCHOW TOMOrpaduu, OfHaK0 KapTWHa, Ha-
bnopgaeMas npu AMHaMUYECKOW MarHUTHO-Pe30HaHCHOW ToMorpaduu, He Noslyuuna JOCTaTOYHOM0 OCBELLEHMSA B CreLmManu-
31pOBaHHOW IUTepaType.

YumnTbIBas KOMMMEKCHBINA AMArHOCTUMECKUI NOAX0A, BaXKHO, YTOObI BPaun-pEHTTEHONO0MM UMENIM BO3MOXKHOCTb NPaBUITbHO
pacno3HaBaTb 1 uHTepnpeTupoBatb COVID-19 no u3obpaxeHnsaM MarHUTHO-pPe30HaHCHOM ToMorpadum.

B npencTaBneHHoI cepum KITMHUYECKUX Cly4aeB NPOAEMOHCTPUPOBaHbI BO3MOXHOCTU METOAMKM AMHAMUYECKON MarHUT-
HO-pe30HaHCHol ToMorpaduu B 0bHapyXeHWM Npu3HaKa «obnayHoro Heba» M ero OTAMYKA OT KOHCONMAALMM Y NALMEHTOB
¢ COVID-19, uto no3BonseT NPeANONOKUTENBHO Pa3rpaHUUNUTb PaHHEE WM NETKOE U3MEHEHWE OT NPOrPeCcCUpYIOLLEro KIK-
HWYECKOT0 TeYeHus.

TakuM 0bpa3oM, AMHaMUYeCKas MarHUTHO-pe30HaHCHas ToMorpadms MOXKET O0Ka3aTbCs Ype3BbiYaliHO MOSIE3HBIM MHCTPY-
MEHTOM, K TOMY e 6e3 ny4yeBoW Harpy3ku, B Ciyyasix, KOrfa AocTyn K KOMMbTEPHOM ToMorpadun orpaHuyeH u Tpebyetcs
AVHaMu4eckas MopQodyHKLMOHabHas BU3Yyanu3aums.

KnioueBble cnoBa: MarHWTHO-pe30HaHCHas ToMorpadus; ouHammyeckas MPT, MPT B pexuMe peanbHOro BpeMeHM;
nHeBMoHus; COVID-19.
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Dynamic MRI in a COVID-19 patient: a case series
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ABSTRACT

Extensive spread of the coronavirus disease (COVID-19) prompted an investigation of its diagnostic features. Acute viral
pneumonia associated with COVID-19 has been described in detail using CT, radiography, and MRI. There is no data in the
literature on the descriptive picture observed with dynamic MRI. Considering a comprehensive diagnostic approach, radiologists
should know how to correctly recognize and interpret COVID-19 on MRI. This case series demonstrated the ability of dynamic
MRI to detect the cloudy sky sign and distinguish it from consolidation in COVID-19 patients, thus presumably distinguishing
between early or mild changes and a progressive clinical course. These changes in dynamic lung images on MRI can be
recorded depending on the phase of the respiratory cycle. Thus, MR, as a radiation-free tool that can be used to examine a
patient with acute viral pneumonia COVID-19, can be useful in cases where access to computed tomography is limited and
dynamic morphofunctional imaging is required.
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BACKGROUND

Over the last 2 years, a novel coronavirus infection
(COVID-19) caused by SARS-CoV-2 has become an
important research focus due to the prevalence of pulmonary
symptoms. The computed tomography (CT) is used to detect
the primary chest symptoms of COVID-19, which include
localized unilateral or diffuse bilateral ground-glass opacity
(GGO) progressing to lung parenchyma consolidation.[1,2]

Due to a paucity of laboratory diagnostics funding at
the start of the pandemic, a chest CT scan was considered
as a possible factor in deciding whether a patient should
be tested for COVID-19 using laboratory methods. This
screening approach was later cancelled, and currently,
chest CT is only recommended if clinical signs and
symptoms of COVID-19 are observed.[3,4] In severe cases,
chest CT scans are performed several times for condition
monitoring, resulting in high radiation exposure. Software
for magnetic resonance imaging (MRI) of the chest is
continually being improved and is regarded as a promising
area of imaging development for lung conditions. Lung MRI
may be considered the method of choice in some cases
due to some advantages, such as the lack of radiation
exposure.[5-7]

Our case reports describe the use of dynamic lung MR in
SARS-CoV-2-positive patients. An MRI was performed within
the first few days after the onset of viral pneumonia symptoms
(subfebrile/febrile fever, dry cough, and weakness). This
study focuses on abnormal changes revealed by dynamic
MRI using three-dimensional cinematic chest imaging in
COVID-19 patients with acute viral pneumonia.

CASE REPORTS

MRI scan

A patient was examined in the supine position using
abdominal and vertebral radiofrequency (RF) coils built into
the tabletop of a 3T MRI scanner (Signa Pioneer, General
Electric, USA). Under free-breathing conditions, the scan
was performed without a respiratory trigger. The RF coil
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was fixed to reduce dynamic artifacts associated with
respiratory movements. The study was conducted under
free-breathing conditions using automatic synchronization of
diaphragm movement to optimize the time of data collection.
For cinematic MRI, a single fast spin echo was used with
additional parameters as follows: TR 1,460 ms, TE 108.6 ms,
rotation angle 90°, FOV 450 x 450 mm, matrix 384 x 256,
slice thickness 6 mm, slice spacing 6 mm, average number
0.6, and non-Cartesian k-space filling method. To obtain
these scans, we asked the patient to take a slow breath while
mentally counting to 10 and then exhale slowly in the same
manner. Three dynamic images in three orthogonal planes
were obtained for each patient.

MRI analysis

The search focused on polysegmented sites with
increased signal intensity (hyperintense compared with
muscle tissue but hypointense compared with pulmonary
consolidation sites, i.e., with less intense signal compared
with consolidation sites), which could represent a “cloudy
sky” sign. We also noted changes in the signal intensity of
the lesions during inhalation and exhalation.

Case Report 1

A patient (female, 45 years old) presented to the clinic
on the fifth day after the onset of dry cough and mild fever
up to 37.5°C. Dynamic lung MRI in the coronal plane (Fig. 1)
showed an area of hyperintense signal in the lower lobe of
the right lung (S9-S10), interpreted as an area of central
induration (more intense signal) with a surrounding “cloudy
sky” (less intense signal) during inhalation. A hyperintense
signal was found in the corresponding area in the axial
and sagittal planes, indicating consolidation with a “cloudy
sky” along the edge of the area. At the end of exhalation,
increased signal intensity was observed in the described
area in the coronal plane (Fig. 2) with decreased visual size
of the affected areas due to lung tissue contraction. During
exhalation, no changes in signal intensity were observed in
the axial and sagittal planes.

If the same hyperintense signal is observed regardless
of respiration phases, this could indicate alveolar infiltration

Figure 1. Dynamic magnetic resonance imaging of the lungs during inhalation in the coronal, axial, and sagittal planes. In the axial and
sagittal planes, arrows point to areas of compaction. In the coronal plane, the arrow points to a “cloudy sky” (S9-S10).
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Figure 2. Dynamic magnetic resonance imaging of the lungs during exhalation in the coronal, axial, and sagittal planes. Arrows indicate
the areas of consolidation (59-510).

(consolidation), but a less intense signal during exhalation S8, and S9 of the left lung's lower lobe. An inhomogeneous

could indicate intermediate changes (cloudy sky”). increased signal was found during inhalation in the coronal,
axial, and sagittal planes (Fig. 3). The signal intensity increased
Case Report 2 in the coronal and sagittal planes during exhalation (Fig. 4),

A patient (female, 25 years old) complained of a dry cough, ~ with the increased visual size of the affected areas and the
high fever (up to 39°C), chills, and chest heaviness. She went  expanded “cloudy sky” area. These findings may be attributed
to the hospital on the sixth day after the onset of the first  to expiratory contraction of lung tissue during exhalation.
symptoms, when they became extremely pronounced. Dynamic Chest breathing movements can also influence scanning
MRI showed a large area of increased signal in segments S6,  and thus the observed pattern. The “cloudy sky” observed

Figure 3. Dynamic magnetic resonance imaging of the lungs during inhalation in the coronal, axial, and sagittal planes. Orange arrows
point to consolidation areas visible during inhalation (Sé, S8, and S9). The white arrow points to the area with the “cloudy sky.”

Figure 4. Dynamic magnetic resonance imaging of the lungs during exhalation in the coronal, axial, and sagittal planes. Arrows point
to lesions with areas of both marked interstitial changes (the sign of the “cloudy sky”) and alveolar (compaction) changes that can be

differentiated during inhalation (see Figure 3).
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Figure 5. Dynamic magnetic resonance imaging of the lungs during inhalation in the coronal, axial, and sagittal planes. Arrows point to
areas of low-intensity signal with the “cloudy sky” pattern (S6, S9, and S10).

Figure 6. Dynamic magnetic resonance imaging of the lungs during exhalation in the coronal, axial, and sagittal planes. Arrows paint to
an increase in low-intensity signal areas with the “cloudy sky” pattern (Sé, S9, and S10).

at the periphery of the signal enhancement area during
inhalation becomes more intense during exhalation, most
likely due to increasing density of the lung parenchyma.

Case Report 3

A patient (male, 49 years old) with a mild cough and
subfebrile fever up to 37.5°C consulted a doctor on the
second day after the onset of symptoms. Dynamic lung MRI
showed the predominant “cloudy sky,” which was confirmed
by different signal intensities and signal change area sizes
depending on the respiratory cycle phase. During inhalation,
a weak signal was detected in the lower lobe of the right
lung (S6, S9, and S10) in the coronal, axial, and sagittal
planes (Fig. 5). Increased signal intensities and area sizes
were observed in the coronal and sagittal planes at the end
of exhalation (Fig. 6) compared with the areas described. The
“cloudy sky” was more prominent in the axial plane during
exhalation, whereas the area of visible lung damage was
wider.

DISCUSSION

CT scanning is the gold standard for lung evaluation in
COVID-19 pneumonia and other viral pneumonias. In most
cases, early signs of acute coronavirus pneumonia caused by
SARS-CoV-2 present as GGO on chest CT scans. Consolidation

BOI: https://doi.org/10.17816/DD114723

areas indicating an alveolar lesion typically appear in the
later stages of the disease.

MRI changes in patients with viral pneumonia are
associated with inflamed parenchyma, leading to an increased
signal. Viral pneumonia is also characterized by the presence
of the “cloudy sky” sign, which is similar to GGO. [5] During
dynamic MRI, we observed signal concentration with “cloudy
sky” sign during exhalation and pronounced rarefaction
during inhalation, which may be indicative of early lung
changes in acute viral pneumonia. The consolidation pattern,
which is characteristic of alveolar involvement, does not
change significantly during respiration. Therefore, dynamic
lung MRI allows us to differentiate areas of consolidation
and GGO, which is not always possible with static lung MRI.

Previously, our authors examined patients using an
MRI-LUNG protocol [5] (static scanning) and found that the
visible parenchyma lesions are similar to the pattern of CT
lesions. Real-time tests showed that MRI enables for rapid
and painless lung imaging under free-breathing conditions.
A limitation of our study was the lack of CT data to compare
identified patterns.

The use of MRI in COVID-19 patients has already been
studied.[6, 8-14] Dong et al. [8] suggested that MRI may
be used to diagnose pregnant women and children. This
suggestion was confirmed by Fields et al. [9] compared with
various diagnostic methods, such as CT, MRI, and positron
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emission tomography with CT. Langenbach et al. [10] from
Germany reported a case of a patient referred to MRI for
primary lung cancer with characteristic changes in the
lower long lobes. In this case, COVID-19 was subsequently
confirmed. Szarf et al. [11] presented a case report
describing MRI data on perilobular opacities similar to the
sign of “cloudy sky” and consolidation, which could indicate
the presence of organized pneumonia. Akhlaghpoor et al. [12]
performed a similar MRI imaging of viral pneumonia caused
by COVID-19, demonstrating and describing 8 case reports.
In addition to these changes, Dheir et al. [13] reported MRI-
detected nodules in 11 patients and CT-detected nodules in
12 patients, with sensitivity and specificity of 91.67% and
100%, respectively.

CONCLUSION

Several case reports have clearly demonstrated that
dynamic MRI can be used to detect “cloudy sky” sign (as the
GGO pattern in CT) and differentiate it from consolidation in
COVID-19 patients.

The study showed that dynamic lung examination may be
superior to standard static scans. Despite its high potential,
lung MRI remains an experimental technique that needs
more research to understand its role in the management of
COVID-19 patients. However, the observed patterns can be
applied to other lung conditions.
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