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To evaluate the role of magnetic resonance imaging (MRI) chest as an alternative modality to CT chest for follow-up of patients recovered from severe COVID-19
acute respiratory distress syndrome (ARDS). A total of 25 subjects (16 [64%] men; mean age 54.84 years + 12.35) who survived COVID-19 ARDS and fulfilled the
inclusion criteria were enrolled prospectively. All the patients underwent CT and MRI chest (on the same day) at 6-weeks after discharge. MRI chest was
acquired on 1.5T MRI using HASTE, BLADE, VIBE, STIR, and TRUFI sequences and evaluated for recognition of GGOs, consolidation, reticulations/septal thicken-
ing, parenchymal bands, and bronchial dilatation with CT chest as the gold standard. The differences were assessed by independent-sample t-test and Mann-
Whitney U test. P-value of less than 0.05 was taken significant. There was a strong agreement (k = 0.8-1, P<0.01) between CT and MRI chest. On CT, the common
manifestations were: GGOs (n=24, 96%), septal thickening/reticulations (n=24, 96%), bronchial dilatation (n=16, 64%), parenchymal bands (n=14, 56%), pleural
thickening (n=8, 32%), consolidation (n=4, 16%) and crazy-paving (n=4, 16%). T2W HASTE, T2W BLADE, and T1 VIBE sequences showed 100% (95% CI, 40-100)
sensitivity and 100% (95% CI, 3-100) specificity for detecting GGOs, septal thickening/reticulations, pleural thickening, consolidation, and crazy-paving. The over-
all sensitivity of MRI for detection of bronchial dilatation and parenchymal bands were 88.9% (95% CI, 77-100) and 92.9% (95% CI, 66-100), respectively; and
specificity was 100% (95% Cl, 29-100) for both findings. MRI chest, being radiation-free imaging modality can act as an alternative to CT chest in the evaluation

of lung changes in patients recovered from COVID-19 pneumonia.

© 2022 Elsevier Inc. All rights reserved.

Introduction

A significant number of patients who recovered from COVID-19
pneumonia continue to have lingering illnesses even in their post-
recovery phase. The reported prevalence of the persistent COVID-19
symptoms and its complications is 1 in 5 COVID-19 survivors at 5
weeks or longer! with the lungs being the most involved organ.
Decreased diffusion capacity was the most prevalent (0.66, CI 0.31-
0.94, P<0.01, 12 = 82%) pulmonary function alteration reported by a
meta-analysis on post-COVID subjects, with reduction directly associ-
ated with clinical severity of the acute COVID-19 pneumonia.? A pro-
spective study from China reported persistence of 1 or more
pulmonary computed tomography (CT) findings in more than 60% of
post-COVID-19 subjects 6 months following infection.® Increased
age, severe acute COVID-19 pneumonia, deranged inflammatory
markers, diffuse pulmonary involvement on imaging, presence of
multiple co-morbidities, ICU admission, the requirement of mechani-
cal ventilation, and presence of 5 or more symptoms at acute presen-
tation were associated with a significant pulmonary or systemic
sequel following COVID-19 pneumonia.” Imaging plays a central role
in evaluating the pulmonary sequel in such high-risk group patients.
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CT chest is an invaluable tool utilized frequently in the diagnosis
and management of acute COVID-19 as well as in the follow-up of
the pulmonary sequel in COVID-19 survivors.””” The natural course of
the pulmonary findings is varied, with the majority of the findings in
mild to moderate disease seen to resolve over time. Nevertheless, a
significant number of subjects are shown to have persistent ground-
glass opacities (GGOs) and/or interstitial thickening, and fibrotic-like
lesions in 27% (n=31/114) and 35% (n= 40/114) of the severe COVID-
19 pneumonia survivors at 6 months and 1-year follow-up.>® Cur-
rently, there is a lack of true understanding of the nature of the pul-
monary manifestations on CT imaging.” Chest care experts advise for
follow-up CT chest imaging in the high-risk subjects to correlate with
clinical parameters and pulmonary function test (PFT).*° Such
patients often need repeat CT examinations to monitor the disease
progression, and this can lead to a higher cumulative dose to the
patients and to the community; considering the enormous burden of
the disease.

Magnetic resonance imaging (MRI) chest can be a good alternative
imaging modality to CT chest for follow-up of the post-COVID-19
patients, as it doesn’t impart ionizing radiation.'®'? Several authors have
studied the diagnostic accuracy of MRI chest, and lately, few studies have
shown that the detection rate of MRI chest is comparable to that of CT
chest in acute COVID-19 pneumonia, and other chest conditions.!®!!:1314
We evaluated the diagnostic performance of 1.5T MRI chest, done at 6
weeks of discharge in patients recovered from COVID-19 acute respira-
tory distress syndrome (ARDS); taking CT chest as a reference standard.


mailto:gargmandeep@hotmail.com
https://doi.org/10.1067/j.cpradiol.2022.09.001
https://doi.org/10.1067/j.cpradiol.2022.09.001
https://doi.org/10.1067/j.cpradiol.2022.09.001
http://www.cpdrjournal.com

2 M. Garg et al. / Current Problems in Diagnostic Radiology 00 (2022) 1-8

METHODS
Study design and participants

Institutional ethics committee (IEC) gave the approval for this pro-
spective study. Written informed consent was obtained from all the
study participants. Patient confidentiality was ensured according to
the HIPPA guidelines.

A total of 25 subjects of severe COVID-19 pneumonia and ARDS
were enrolled for the study who were discharged from the hospital
between December 2020 to June 2021. A diagnosis of severe COVID-
19 pneumonia was based on the WHO's interim guidance diagnostic
criteria,'® and the Berlin definition was used for ARDS.'® All patients
had laboratory confirmation of SARS-CoV-2 using real-time reverse-
transcription polymerase chain reaction (RT-PCR) at admission. The
discharge criteria were based on remission of acute respiratory dis-
tress symptoms, and/or negative RT-PCR before discharge (on 2 occa-
sions, performed 24 hours apart).!”

The patients meeting the above inclusion criteria were called for
follow-up at 6 weeks of discharge from the hospital. Patients who
refused to give consent and those with contraindication for MRI chest
(claustrophobic, with severe dyspnea and with metallic cardiac pace-
makers) were excluded from the study (Fig 1). Spirometry and a 6-
minute walk test (6-MWT) were performed for each patient, and the
findings were recorded. The patients underwent non-enhanced CT
chest followed by MRI chest on the same day. The time taken for MRI
chest was recorded for each patient. The clinical details such as age,
gender, co-morbidities, the severity of the disease, duration of the
hospital stay, and treatment details were recorded from the available
medical records.

CT chest protocol

CT chest imaging was performed on a third-generation dual-
source CT 128 slice scannerSomatom Definition Flash (Siemens

Healthcare, Forchheim, Germany) or CT 256 Slice scanner (Philips
Brilliance iCT). Non-enhanced CT chest was acquired from the
thoracic inlet to the diaphragm with the patient in the supine
position. The following acquisition parameters were used: tube
voltage of 120 kVp and detector collimation width of
128 x 0.6 mm or 256 x 0.6 mm. The helical dataset for the chest
was acquired with 10 mm thick sections at 10 mm increment
with tube current regulated by an automated exposure control
(AEC) system. Images reconstructed into 1 mm sections at 1 mm
increment using 2 different reconstruction kernels (B70 ultra-
sharp for lung window and B30 smooth for mediastinal window)
using regular filter back projection.

Thorax MRI protocol

MRI scan was done on a 1.5 Tesla MR unit (MAGNETOM AERA;
Siemens Medical Solutions, Malvern, Pa) with the patient in the
supine position using a body coil. The center of the coil was posi-
tioned at the mid-sternum. To minimize dynamic artifacts associ-
ated with respiratory movements, the RF coil was fixed. Imaging
parameters were as follows: T2-weighted HASTE (Half-Fourier
Acquisition Single-shot Turbo Spin-Echo) Coronal [breath-hold],
TR/TE (time to repitition/time to echo) ~1000/90 ms, FOV of
35 cm, slice thickness of 6 mm; T2-weighted BLADE (proprietary
name for Periodically Rotated Overlapping Parallel Lines with
Enhanced Reconstruction [PROPELLER]) axial (respiratory-trig-
gered), TR/TE ~2500/118 ms, FOV of 32 cm, slice thickness of 5
mm; T1-weighted 3D VIBE (Volume Interpolated Breath-hold
Examination) axial [breath-hold], TR/TE ~2.6/0.94 ms, FOV of
35 cm, slice thickness of 2.2 mm; T2-weighted STIR (Short Tau
Inversion Recovery) coronal [respiratory-triggered] TR/TE ~500/
39 ms, FOV of 32 cm, slice thickness of 5 mm; T2-weighted TRUFI
(True Fast Imaging with Steady State Free Precession) coronal
[free-breathing], with TR/TE ~448/144 ms, FOV of 32 cm, slice
thickness of 5 mm.

Patients diagnosed with COVID-19 acute respiratory distress syndrome, and
discharged from the hospital between December 2020 to May 2021

(Enrolled, n=30)

Patients called for follow-up at 6 weeks after their discharge from the hospital

(n=30)

Excluded from study (n=1):
(refused to give consent)

Excluded from study (n=2):
(claustrophobic)

Excluded from study (n=2):
(severe dyspnea)

| Analyzed (n=25)

| Part of statistical analysis (n=25) |

FIG 1. Flowchart depicting the recruitment process of the study participants, inclusion and exclusion criteria and the included subjects.
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Image analysis

CT chest was considered the gold standard in this study. The MRI
and CT images of all patients were evaluated independently by 2 tho-
racic radiologists (M.G. and U.D., with 20 and 10 years of experience,
respectively). Both the reviewers were blinded to the clinical details
of the patients. All the images were deidentified, and randomization
of CT and MRI images was done. The discrepancy between reviewers
was resolved by consensus reading in the third session. To describe
lung findings, the Fleischner Society Glossary'® terms were used:
GGOs, consolidation, reticulations, inter and intralobular septal thick-
ening, crazy-paving and parenchymal bands. However, instead of
traction bronchiectasis and bronchiolectasis, we used the terms bron-
chial dilatation and subpleural multicystic changes; as traction bron-
chiectasis and bronchiolectasis denotes irreversible changes and
bronchial dilatation found at 6 weeks may be a reversible finding and
not due to true fibrosis.

Since there are no separate terms to describe the pulmonary
parenchymal findings on MRI, the same CT terms were utilized for
interpretation of MRI chest abnormalities.

Statistical Analysis

Statistical analysis was done using the R-software package (ver-
sion 3.6.3; R Foundation for Statistical Computing, Vienna, Austria).
The quantitative variables were presented as median and mean =+
standard deviation for descriptive statistics, and categorical variables
were stated as frequencies and percentages. The chi-square test was
used for the comparison of categorical variables. A value of P <0.05
was accepted as statistically significant. The sensitivity, specificity,
positive predictive value, and negative predictive value of MRI find-
ings were calculated for each patient, with CT chest imaging as a ref-
erence modality. The independent samples t-test was used to
compare continuous variables with normal distribution and the
Mann-Whitney U test for the comparison of continuous variables
that are not normally distributed. Cohen’s Kappa coefficient (k)
assessed coherence between 2 observers for pulmonary findings.

RESULTS
Demographic and clinical data (Table 1)

(Table 1) From a total of 30 enrolled patients, 5 patients were
excluded from the study - 1 refused to give consent for MRI and 2
patients each had claustrophobia and severe dyspnea. Finally,
twenty-five participants (n=9 female and n=16 male) were included
in the study with a mean age of 54.84 4 12.35 (SD) years. The major
symptoms of the participants at the time of follow-up include: dys-
pnea (n=25, 100%), fatigue (n=22, 88%) and cough (n=20, 80%). The
mean duration of hospital stay during acute disease was 11.84 +
5.25 days. The mean RT-PCR (negative results) to follow-up CT/MRI
interval was 46.72 + 27.42. Diabetes mellitus (n=19, 76%), hyperten-
sion (n=10, 40%), and obesity (n=5, 20%) were the common underly-
ing co-morbidities found in study participants. The mean FVC (%
predicted) was 75.71 + 14.39. The mean FEV1 (% predicted) was
77.23 £+ 14.59. The mean FEV1/FVC Ratio (LLN) was 79.06 + 6.01. The
mean distance covered during 6-MWT was 311.02 + 106.97 meters,
and the mean 6-MWT SpO2 was 92.84 + 4.5%. The mean time taken
to complete MRI examination was 11.72 + 0.39 minutes.

CT findings (Table 2)

(Table 2) On CT, bilateral lung involvement was observed in 24
(96%) study participants, with GGOs (n=24, 96%), septal thickening/
reticulations (n=24, 96%) and bronchial dilatation/subpleural multi-
cystic changes (n=16, 64%) being the most common CT abnormalities

TABLE 1.
Demographic and clinical details of the study participants

Basic details Observations

Total participants (n) 25
Age (y) 54.84 + 12.35 (Mean + SD)
Gender Frequency (%)

Male 16 (64.0%)

Female 9 (36.0%)
Duration of hospital stay (d) 11.84 £ 5.25 (Mean + SD)
Associated comorbidities Frequency (%)

Diabetes mellitus 19 (76.0%)

Hypertension 10 (40.0%)

Obesity 5(20.0%)

Connective Tissue Disorders 2(8.0%)

Cerebrovascular Accident 1(4.0%)
RT PCR-CT/MRI interval (d) 46.72 + 27.42 (Mean £ SD)
Symptoms during follow-up Frequency (%)

Dyspnea 25(100.0%)

Fatigue 22 (88.0%)

Cough 20 (80.0%)

Expectoration 3(12.0%)

Chest pain 2(8.0%)
mMRC dyspnea scale Frequency (%)

Grade 1 5(20.0%)

Grade 2 8(32.0%)

Grade 3 12 (48.0%)

Grade 4 0(0%)
6-Min walk test (6-MWT) (Mean + SD)

Distance walked (meters) 311.02 + 106.97

SpO0> (%) 92.84 +4.55

Mean time taken for MRI examination (Min) 11.72 £ 0.39 (Mean + SD)

mMRC, modified medical research council; SD, standard deviation; SpO,, saturation of
peripheral oxygen.

seen. Other CT findings were: parenchymal bands (n=14, 56%), thick-
ening of the adjacent pleura (n=8, 32%), consolidation (n=4, 16%), and
crazy-paving (n=4, 16%). Fourteen (56.0%) participants had a combi-
nation of GGOs and reticulations while 3 (16.0%) subjects showed a
mixed pattern of GGOs, septal thickening, and consolidation.

MRI findings and interobserver analysis (Table 3)

(Table 3) MRI provided diagnostic quality images in all the study
participants. GGOs were seen in 24/25 (96%) of subjects with 100%
sensitivity (95% CI, 86-100) and 100% specificity (95% CI, 3-100) on T2
HASTE, T2 BLADE, T1 VIBE, and STIR sequences (Fig 2). TRUFI
sequence showed GGOs in 20/25 (80%) of subjects with a sensitivity
of 83.3% (95 CI, 63-95) and 100% specificity (95% CI, 3-100). Septal
thickening and reticulations were seen in 24/25 (96%) of subjects
with 100% sensitivity (95% CI, 86-100) and 100% specificity (95% CI,
3-100) on all sequences except for TRUFI (Figs 3 and 4). On TRUFI, 18/
25 (72%) subjects showed septal thickening and reticulations; with
75% (95% Cl, 53-90) sensitivity and 100% specificity.

Bronchial dilatation/subpleural multicystic changes were seen in
14/25 (56%) of subjects on T2 BLADE and T1 VIBE sequences, with

TABLE 2.
Lung findings at 6-wk follow-up imaging after discharge from hospitalization in
patients of COVID-19 acute respiratory distress syndrome (ARDS)

Imaging findings Frequency (%) Frequency (%)
on CT chest on MRI chest
Ground glass opacities (GGOs) 24 (96.0%) 24 (96.0%)
Septal thickening/reticulations 24(96.0%) 24 (96.0%)
Bronchial dilatation/subpleural 16 (64.0%) 14 (56.0%)
multicystic changes

Parenchymal bands 14 (56.0%) 13 (52.0%)
Pleural thickening 8(32.0%) 8(32.0%)
Crazy-paving 4(16.0%) 4(16.0%)
Consolidation 4(16.0%) 4(16.0%)
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TABLE 3
Major lung findings on different MRI sequences

Variable Total positives Sensitivity Specificity PPV NPV Diagnostic accuracy Kappa PValue

GGOs
Overall 24 (96.0%) 100.0% (86-100) 100.0% (3-100) 100.0% (86-100) 100.0% (3-100) 100.0% (86-100) 1 <0.001
T2 HASTE 24 (96.0%) 100.0% (86-100) 100.0% (3-100) 100.0% (86-100) 100.0% (3-100) 100.0% (86-100) 1 <0.001
T2 BLADE 24 (96.0%) 100.0% (86-100) 100.0% (3-100) 100.0% (86-100) 100.0% (3-100) 100.0% (86-100) 1 <0.001
T1 VIBE 24(96.0%) 100.0% (86-100) 100.0% (3-100) 100.0% (86-100) 100.0% (3-100) 100.0% (86-100) 1 <0.001
TRUFI 20 (80.0%) 83.3% (63-95) 100.0% (3-100) 100.0% (83-100) 20.0% (1-72) 84.0% (64-95) 0.29 0.041
STIR 24 (96.0%) 100.0% (86-100) 100.0% (3-100) 100.0% (86-100) 100.0% (3-100) 100.0% (86-100) 1 <0.001

Consolidation
Overall 4(16.0%) 100.0% (40-100) 100.0% (84-100) 100.0% (40-100) 100.0% (84-100) 100.0% (86-100) 1 <0.001
T2 HASTE 4(16.0%) 100.0% (40-100) 100.0% (84-100) 100.0% (40-100) 100.0% (84-100) 100.0% (86-100) 1 <0.001
T2 BLADE 4(16.0%) 100.0% (40-100) 100.0% (84-100) 100.0% (40-100) 100.0% (84-100) 100.0% (86-100) 1 <0.001
T1 VIBE 4(16.0%) 100.0% (40-100) 100.0% (84-100) 100.0% (40-100) 100.0% (84-100) 100.0% (86-100) 1 <0.001
TRUFI 4(16.0%) 100.0% (40-100) 100.0% (84-100) 100.0% (40-100) 100.0% (84-100) 100.0% (86-100) 1 <0.001
STIR 4(16.0%) 100.0% (40-100) 100.0% (84-100) 100.0% (40-100) 100.0% (84-100) 100.0% (86-100) 1 <0.001

Septal Thickening/Reticulations
Overall 24 (96.0%) 100.0% (86-100) 100.0% (3-100) 100.0% (86-100) 100.0% (3-100) 100.0% (86-100) 1 <0.001
T2 HASTE 4 (96.0%) 100.0% (86-100) 100.0% (3-100) 100.0% (86-100) 100.0% (3-100) 100.0% (86-100) 1 <0.001
T2 BLADE 24(96.0%) 100.0% (86-100) 100.0% (3-100) 100.0% (86-100) 100.0% (3-100) 100.0% (86-100) 1 <0.001
T1 VIBE 4 (96.0%) 100.0% (86-100) 100.0% (3-100) 100.0% (86-100) 100.0% (3-100) 100.0% (86-100) 1 <0.001
TRUFI 8(72.0%) 75.0% (53-90) 100.0% (3-100) 100.0% (81-100) 14.3% (0-58) 76.0% (55-91) 0.19 0.102
STIR 24 (96.0%) 100.0% (86-100) 100.0% (3-100) 100.0% (86-100) 100.0% (3-100) 100.0% (86-100) 1 <0.001

Bronchial dilatation and subpleural multicystic changes
Overall 14 (56.0%) 88.9% (68-100) 100.0% (29-100) 100.0% (84-100) 81.8%(19-99) 92.6% (80-100) 0.84 0.001
T2 HASTE 1(44.0%) 76.2% (55-97) 100.0% (29-100) 100.0% (82-100) 64.3% (12-88) 83.3% (66-97) 0.6 0.001
T2 BLADE 14 (56.0%) 88.9% (68-100) 100.0% (29-100) 100.0% (84-100) 81.8%(19-99) 92.6% (80-100) 0.84 0.001
T1 VIBE 14 (56.0%) 88.9% (68-100) 100.0% (29-100) 100.0% (84-100) 81.8%(19-99) 92.6% (80-100) 0.84 0.001
TRUFI 3(12.0%) 13.6% (3-35) 100.0% (29-100) 100.0% (29-100) 13.6% (3-35) 24.0% (9-45) 0.04 0.495
STIR 3(12.0%) 13.6% (3-35) 100.0% (29-100) 100.0% (29-100) 13.6% (3-35) 24.0% (9-45) 0.04 0.495

Parenchymal Bands
Overall 13 (52.0%) 92.9% (66-100) 100.0% (72-100) 100.0% (75-100) 91.7% (62-100) 96.0% (80-100) 0.92 <0.001
T2 HASTE 13 (52.0%) 92.9% (66-100) 100.0% (72-100) 100.0% (75-100) 91.7% (62-100) 96.0% (80-100) 0.92 <0.001
T2 BLADE 13 (52.0%) 92.9% (66-100) 100.0% (72-100) 100.0% (75-100) 91.7% (62-100) 96.0% (80-100) 0.92 <0.001
T1 VIBE 3(52.0%) 92.9% (66-100) 100.0% (72-100) 100.0% (75-100) 91.7% (62-100) 96.0% (80-100) 0.92 <0.001
TRUFI 12 (48.0%) 85.7% (57-98) 100.0% (72-100) 100.0% (74-100) 84.6% (55-98) 92.0% (74-99) 0.84 <0.001
STIR 13 (52.0%) 92.9% (66-100) 100.0% (72-100) 100.0% (75-100) 91.7% (62-100) 96.0% (80-100) 0.92 <0.001

Crazy paving
Overall 4(16.0%) 100.0% (40-100) 100.0% (84-100) 100.0% (40-100) 100.0% (84-100) 100.0% (86-100) 1 <0.001
T2 HASTE 4(16.0%) 100.0% (40-100) 100.0% (84-100) 100.0% (40-100) 100.0% (84-100) 100.0% (86-100) 1 <0.001
T2 BLADE 4(16.0%) 100.0% (40-100) 100.0% (84-100) 100.0% (40-100) 100.0% (84-100) 100.0% (86-100) 1 <0.001
T1 VIBE 4(16.0%) 100.0% (40-100) 100.0% (84-100) 100.0% (40-100) 100.0% (84-100) 100.0% (86-100) 1 <0.001
TRUFI 1(4.0%) 25.0% (1-81) 100.0% (84-100) 100.0% (3-100) 87.5% (68-97) 88.0% (69-97) 0.36 0.019
STIR 2(8.0%) 50.0% (7-93) 100.0% (84-100) 100.0% (16-100) 91.3% (72-99) 92.0% (74-99) 0.63 <0.001

Pleural thickening
Overall 8(32.0%) 100.0% (63-100) 100.0% (80-100) 100.0% (63-100) 100.0% (80-100) 100.0% (86-100) 1 <0.001
T2 HASTE 8(32.0%) 100.0% (63-100) 100.0% (80-100) 100.0% (63-100) 100.0% (80-100) 100.0% (86-100) 1 <0.001
T2 BLADE 8(32.0%) 100.0% (63-100) 100.0% (80-100) 100.0% (63-100) 100.0% (80-100) 100.0% (86-100) 1 <0.001
T1 VIBE 8(32.0%) 100.0% (63-100) 100.0% (80-100) 100.0% (63-100) 100.0% (80-100) 100.0% (86-100) 1 <0.001
TRUFI 7 (28.0%) 87.5% (47-100) 100.0% (80-100) 100.0% (59-100) 94.4% (73-100) 96.0% (80-100) 0.9 <0.001
STIR 8(32.0%) 100.0% (63-100) 100.0% (80-100) 100.0% (63-100) 100.0% (80-100) 100.0% (86-100) 1 <0.001

BLADE, proprietary name for periodically rotated overlapping parallel lines with enhanced reconstruction [PROPELLER]; GGOs, ground glass opacities; HASTE, Half-fourier acquisi-
tion single-shot Turbo Spin-Echo; NPV, negative predictive value; PPV, positive predictive value; SpO,, saturation of peripheral oxygen; STIR, short tau inversion recovery; TRUFI,
true fast imaging with steady state free precession; VIBE, volume interpolated breath-hold examination.

88.9% (95% CI, 68-100) sensitivity, and 100% (95% CI, 29-100) specific-
ity (Fig 5). On T2 HASTE, 11/25 (44%) subjects showed bronchial dila-
tation/subpleural multicystic changes with sensitivity of 76.2% (95%
Cl, 55-97), and specificity of 100% (95% CI, 29-100). The sensitivity for
TRUFI and STIR sequences for detection of bronchial dilatation/sub-
pleural multicystic changes was 13.6 % (95% ClI, 3-35) and specificity
of 100% (95% CI, 29-100). The parenchymal bands (n=13/25, 52%) and
pleural thickening (n=8/25, 32%) were detected with 100% sensitivity
(95% CI, 40-100) and 100% specificity (95% CI, 84-100) on T2 HASTE,
T2 BLADE, T1 VIBE, and STIR sequences (Fig 6). TRUFI has 85.7% (57-
98) sensitivity for parenchymal bands and 87% sensitivity (95% ClI,
47-100) for pleural thickening, with 100% specificity for both the
findings.

Consolidation was found in 4/25 (16%) of subjects with 100% sen-
sitivity (95% CI, 40-100) and 100% specificity (95% CI, 84-100) on all
sequences, including T2 HASTE, T2 BLADE, T1 VIBE, TRUFI, and STIR.
Crazy-paving was seen in 4/25 (16%) of subjects with 100% (CI 95%,
40%-100%) sensitivity and 100% (95% CI, 84-100) specificity on T2

HASTE, T2 BLADE, and T1 VIBE sequences. STIR and TRUFI sequences
were 50% (95% CI, 7-93) and 25% (95% CI, 1- 81) sensitive for detec-
tion of crazy-paving, respectively, with 100% specificity.

In a nutshell, on overall analysis, almost perfect agreement (k=0.8-
1, P-value <0.05) was noted between CT chest and MRI chest find-
ings. The overall sensitivity and specificity of MRI chest for detecting
GGOs, consolidation, septal thickening and reticulations, pleural
thickening, and crazy-paving was 100%; while the sensitivity for
parenchymal bands and bronchial dilatation/subpleural multicystic
changes was 92.9% and 88.9% respectively, with specificity of 100%
for both.

DISCUSSION

Our study aimed to determine the accuracy of MRI chest and its
various sequences in evaluating the pulmonary sequelae of patients
recovered from COVID-19 ARDS, with no such study published in the
literature to date to the best of our knowledge. The present study
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FIG 2. A 53-year female following recovery from post COVID-19 ARDS, with complaints of mild exertional dyspnea at 6 weeks. (A,B), HRCT chest and (C,D), corresponding MRI T2
BLADE images showing peripheral subpleural curvilinear bands with arcade-like sign (white dashed arrows) and patchy areas of ground glass opacities (circles) in bilateral lungs,
with few areas of irregular pleural thickening (black arrowheads) on left side. (Color version of figure is available online.)

revealed that the MRI chest has the ability to reliably delineate the
radiological abnormalities of post-COVID lung when compared to the
gold standard CT chest. We found the commonly encountered imag-
ing findings at 6 weeks’ follow-up of COVID-19 pneumonia were
GGOs, interstitial thickening and reticulations, bronchial dilatation/
subpleural multicystic changes, parenchymal bands, consolidation,
and crazy-paving; and these were detected both by MRI and CT with
almost perfect agreement (k=0.8-1).

Overall, we found that T2 BLADE and T1 VIBE sequences are 100%
specific and greater than 93% sensitive for detecting GGOs, septal
thickening/reticulations, parenchymal bands, consolidation, and
crazy-paving appearance with 95% CI. Bronchial dilatation and paren-
chymal bands were missed in few patients on MRI chest when com-
pared to CT. This is in coherence with the prospective 2-center study

on subjects with cystic fibrosis by Ciet P et al., who reported low sen-
sitivity 0.33 (CI 0.09-0.57) of MRI chest in the detection of bronchiec-
tasis when compared to CT.'" The poor ability of MRI to detect
trapped air is thought to be the cause for false-negative results in the
detection of bronchiectasis. Moreover, in general, MRI is considered
relatively less sensitive for the detection of air compared to CT.'°
There was 100% sensitivity and 100% specificity for detection of
GGOs, septal thickening/reticulations, and pleural thickening on MRI
chest with a perfect agreement (k=1) between the CT and MRI. How-
ever, a prospective study from Italy on post-COVID subjects after dis-
charge reported more GGOs and interstitial thickening on MRI than
CT with the reported frequency of 94.2% vs 76.9%, and 86.5% vs 78.8%,
for MRI chest and CT chest, respectively.'® The sensitivity and speci-
ficity for GGOs on the MRI chest were 100% (95% CI: 0.91-1.00) and

FIG 3. A 46-years-old male with complaint of MMRC grade-II dyspnea 6 weeks after discharge. (A), HRCT chest, and (B, C), corresponding axial MRI T2 BLADE and T1 VIBE images

showing areas of septal thickening (circles).
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FIG 4. A 60-year-old male with complaints of shortness of breath and fatigue at 6 weeks following recovery from post-COVID-19 ARDS. (A), HRCT chest and corresponding axial MRI
images (B), T2 BLADE and (C), T1 VIBE showing patchy areas of consolidation (white solid arrows) in the superior segment of left lower lobe. Also note the patchy areas of GGOs
interspersed with reticulations anteriorly (circles). (Color version of figure is available online.)

25% (95% CI: 0.05-0.57), respectively. Additionally, the same study
also reported the highest sensitivity for detection of interstitial thick-
ening on MRI chest (1.00, 95% CI: 0.91-1.00), but with low specificity
(0.64, 95% CI: 0.31-0.89).'" Another prospective study on HIV chil-
dren reported moderate sensitivity and high specificity of the MRI
chest for detection of GGOs with values of 75% (95% CI: 34.9%-96.8%)
and 94.1% (95%: 71.3%-99.9%), respectively.*’

The variation in the reported sensitivity and specificity in different
studies may result from different sequences employed to evaluate

FIG 5. A 49-years-old female with complaint of MMRC grade-IIl dyspnea 6 weeks after
discharge. (A,B), HRCT chest and (C,D), MRI T2 BLADE images showing areas of ground
glass opacities and septal thickening giving crazy paving pattern (white circles) in right
lung, at 2 different levels in right upper and lower lobes.

the pulmonary findings. We found T2 HASTE, T2 BLADE, T1 VIBE, and
STIR sequences detecting 100% of subjects with GGOs and interstitial
thickening. TRUFI could detect only 75% of interstitial thickening and
80% GGOs. Pecoraro et al. reported false-positive results for GGOs in
9 subjects on MRI chest, and the authors claimed the superior role of
MRI with its ability to discriminate the GGOs by quantifying the pro-
ton density of alveolar contents.!® Nevertheless, CT has a high spatial
resolution as compared to MRI,?° and no other studies comparing CT
and MRI chest imaging reported higher detection of GGOs on MRI
than CT. Rana et al. reported false-positive detection of GGOs on T2-
W TSE, T2-W MultiVane XD and T1W mDixon sequences in 1 child;
and on SSFP sequence in 2 subjects.?!

Bronchial dilatation/subpleural multicystic change was the next
common finding seen on CT chest in 64% (16/25) subjects of our
cohort, with reported sensitivity and specificity of 88.9% (95% CI: 68-
100) and 100.0% (CI: 29-100) for thoracic MRI, respectively. In con-
trast to our findings, Pecoraro et al. has reported subpleural multicys-
tic changes in one-third 36.5% (19/52) of subjects on CT chest, and
none on MRL'! This can be attributed to the different demographic
and clinical strata of the 2 study cohorts. We included a cohort of sub-
jects with COVID-19 ARDS and did follow-up imaging at 6 weeks
from hospital discharge. The clinical status of the cohort included by
Percoraro et al. was heterogeneous and consisted of participants with
variable clinical severity ranging from mild to severe disease, and
that could have resulted in a lesser fraction of subjects with subpleu-
ral multicystic changes. Early scheduling of follow-up CT and MRI
chest (~11 days following remission (RT-PCR negative), IQR: 11.25-
23 days) by Pecoraro and colleagues may be another reason for the
low detection rate of subpleural multicystic changes. Moreover, Per-
coraro et al. mentioned in their study that non-addition of 3D T1
sequences into their acquisition protocol might have resulted in a
poor agreement between CT and MRI findings.'®> Nevertheless, we
could detect bronchial dilatation in 14/16 of our subjects on T1 VIBE
and T2 BLADE sequences. The presence of diffuse GGOs and other
interstitial changes in our study cohort due to ARDS might have con-
tributed in enhancing the background contrast of lung parenchyma,
making the areas of bronchial dilatation conspicuous for detection. In
another study, Rana et al. reported the sensitivity to detect bronchi-
ectasis was 75% (42.8%—94.5%), 81.8% (48.2%-97.7%), and 27.3% (6.0%-
60.9%) for T2W TSE, T2W MultiVane XD and SSFP sequences,
respectively.’!

Parenchymal bands are found in more than half (14/25) of the
subjects in our study on CT chest and 13 subjects on MRI. The T2



M. Garg et al. / Current Problems in Diagnostic Radiology 00 (2022) 1-8 7

FIG 6. A 61-year-old male with complaints of cough and expectoration following
COVID-19 ARDS. (A,B), HRCT chest and corresponding MRI T2 BLADE images (C,D),
showing bronchial dilatation (white solid arrows) and subpleural multicystic changes
(white dashed arrows). (Color version of figure is available online.)

HASTE, T2 BLADE, T1 VIBE, and STIR sequences have similarly
detected 13 subjects with parenchymal bands; while no comparative
details are available in the study published by Percoraro et al.! Con-
solidation and crazy-paving, each found in 4 (16%) subjects in our
cohort with a perfect agreement between CT and MRI findings. Per-
coraro et al. also reported 100% agreement between CT and MRI
modalities, while in another study, Sodhi et al. reported 100% agree-
ment between the CT and MRI findings in children with consolidation
(non-COVID).'*>?2 We found a similar rate of detection on all the MRI
sequences we utilized in our study. Other studies also report a 100%
detection rate for consolidation/collapse on MRI irrespective of the
sequences used.!>?123

Being a radiation-free modality, the MRI chest has been increas-
ingly used in the recent past for the evaluation of various lung disor-
ders. There is much scope for further improvement of lung MRI in the
evaluation of the post-COVID lungs in the future, especially to explore
the utility of functional MRI (Hyperpolarized xenon [129Xe] MR,
contrast-enhanced MRI, oxygen-enhanced proton MRI and DW [dif-
fusion-weighted] MRI) to provide the holistic approach in subjects
with post-COVID pulmonary sequel, including diffusion alterations
and activity of the pulmonary lesions.?*?> This might impact the
treatment decisions and assist in patient management. Our study
highlights the use of routine T1 and T2 sequences for accurate detec-
tion of pulmonary findings, and it may also act as a shred of prelimi-
nary evidence for further advancement in MRI research in post-
COVID pulmonary manifestations.

However, there are few limitations in our study. Our sample size is
small and we included only COVID-19 ARDS recovered patients,
which may not reflect the true incidence of lung abnormalities recog-
nized on the MRI chest. However, it is noteworthy that our observa-
tions remained consistent among all the patients. Secondly, we used
only the basic MRI sequences, while the newer MR sequences like
ultrashort TE (UTE) and zero TE proton MRI could have provided
even better image quality.?® Thirdly, we could not run functional MRI
sequences, which could have aided in differentiating active/inflam-
matory versus inactive/fibrotic lesions, thus limiting our results and
conclusions only to the structural changes seen on MRI chest. And
lastly, we evaluated only the imaging patterns and didn’t grade the
extent of pulmonary involvement as seen on CT and MRI. Addition-
ally, there is a possibility of bias as the radiologists who evaluated the
studies knew beforehand that the recruited subjects are follow-up
cases of COVID-19 related ARDS.

To conclude, MRI chest showed good agreement with CT chest in
the evaluation of pulmonary sequel in patients recovered from
COVID-19 pneumonia. Being a radiation-free modality, it has the
potential to act as an alternate imaging tool to CT chest in the evalua-
tion of post-COVID lungs; as these patients may require extensive
longitudinal follow-up. However, there is a need for standardization
and optimization of MRI sequences for pulmonary imaging; and fur-
ther prospective and longitudinal studies among larger cohorts of
patients are required to validate the diagnostic accuracy of MRI chest
in the follow-up of COVID-19 pneumonia.
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