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Abstract

Purpose: To evaluate detection and characterization of groundglass and fibrosis-like opacities 

imaged by non-contrast 0.55 Tesla MRI, and versus clinically-acquired chest CT images, in a 

cohort of post-Covid patients.

Materials and methods: 64 individuals (26 women, mean age 53 ± 14 years, range 19–85) 

with history of Covid-19 pneumonia were recruited through a survivorship registry, with 106 

non-contrast low-field 0.55 T cardiopulmonary MRI exams acquired from 9/8/2020–9/28/2021. 

MRI exams were obtained at an average interval of 9.5 ± 4.5 months from initial symptom 

report (range 1–18 months). Of these, 20 participants with 22 MRI exams had corresponding 

clinically-acquired CT chest imaging obtained within 30 days of MRI (average interval 18 ± 9 

days, range 0–30). MR and CT images were reviewed and scored by two thoracic radiologists, for 

presence and extent of lung opacity by quadrant, opacity distribution, and presence versus absence 

of fibrosis-like subpleural reticulation and subpleural lines. Scoring was performed for each of 
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four lung quadrants: right upper and middle lobe, right lower lobe, left upper lobe and lingula, and 

left lower lobe. Agreement between readers and modalities was assessed with simple and linear 

weighted Cohen’s kappa (k) coefficients.

Results: Inter-reader concordance on CT for opacity presence, opacity extent, opacity 

distribution, and presence of subpleural lines and reticulation was 99%, 78%, 97%, 99%, and 

94% (k 0.96, 0.86, 0.94, 0.97, 0.89), respectively. Inter-reader concordance on MR, among all 106 

exams, for opacity presence, opacity extent, opacity distribution, and presence of subpleural lines 

and reticulation was 85%, 48%, 70%, 86%, and 76% (k 0.57, 0.32, 0.46, 0.47, 0.37), respectively. 

Inter-modality agreement between CT and MRI for opacity presence, opacity extent, opacity 

distribution, and presence subpleural lines and reticulation was 86%, 52%, 79%, 93%, and 76% (k 

0.43, 0.63, 0.65, 0.80, 0.52).

Conclusion: Low-field 0.55 T non-contrast MRI demonstrates fair to moderate inter-reader 

concordance, and moderate to substantial inter-modality agreement with CT, for detection and 

characterization of groundglass and fibrosis-like opacities.
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1. Introduction

Lung parenchymal evaluation on magnetic resonance imaging (MRI) is challenged 

by several factors, chiefly signal characteristics inherent to lung tissue, respiratory 

motion, long exam acquisition times, and accessibility. While current Fleischner Society 

recommendations support the clinical use of pulmonary MRI for indications including 

cystic fibrosis, lung cancer staging, and lung nodule characterization, further investigation 

is needed prior to clinical integration of MRI for the evaluation of other pulmonary 

parenchymal abnormalities [1].

Lung parenchyma has low proton density, resulting in low T1 and T2 signal intensity. 

Air-tissue interfaces also create signal decay and susceptibility artifact, further limiting 

detection and characterization of lung pathology. Several strategies to augment lung signal 

include the development of ultrashort echo time (UTE) T1-weighted images [2–7], fast or 

turbo spin-echo (TSE) T2-weighted imaging [8–10], and the use of low-field strength [9].

Low-field strength increases T2 time and shortens T1 relaxation, thereby increasing signal 

intensity. T2* is also prolonged for lung parenchyma at lower field strengths, reducing 

magnetic susceptibility artifacts due to local field inhomogeneity, such as at air-tissue 

interfaces in lung [11]. These features may augment visualization of fine detail in the 

lung, as well as any superimposed pathology, including groundglass opacities. Illustration 

of groundglass opacities on low-field 0.55 T MRI has been demonstrated in case reports of 

patients with Covid-19 [12,13]. Patients who recover from Covid-19 may have persisting 

lung parenchymal opacities. These opacities have been shown to decrease over time, yet 

have been reported to persist in 25 % of individuals one year after diagnosis [14]. Reported 

opacities on computed tomography (CT) are primarily groundglass in attenuation, and most 
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suggestive of resolving or residual lung injury given similarity in distribution to acute/earlier 

phase of illness [15].

The purpose of this pilot study was to evaluate the detection and characterization of 

groundglass opacities imaged by non-contrast 0.55 T MRI, and in comparison to clinically-

acquired chest CT images, in a cohort of post-Covid patients.

2. Methods

2.1. Patient selection

Patients were recruited through our institution’s Covid-19 Survivorship Registry, a HIPAA-

compliant registry approved by our institutional review board, and for which all subjects 

provided written informed consent. The registry was open to all patient with history of 

Covid-19 infection, with accrual beginning with admitted patients during the first Covid-19 

surge in New York City in March 2020.

A retrospective review of all low-field 0.55 T cardiopulmonary MRI exams acquired from 

9/8/2020 through 9/28/2021 was performed, yielding 106 MRI examinations in 64 patients. 

All low-field MRI examinations were performed on an outpatient basis. Chest CT imaging 

(obtained for clinical purposes) was performed within 30 days of MRI in 20 patients, two 

of whom had two exams. These 22 paired MR and CT exams were used for inter-modality 

analyses. All available MRI exams were used for inter-reader analyses.

2.2. MRI acquisition parameters

A commercial MRI system (1.5 T MAGNETOM Aera; Siemens Healthcare, Erlangen, 

Germany) was modified to operate as a research prototype system at 0.55 T field strength, 

using 6-channel anterior body array and 18-channel spine array coils. Pulmonary imaging 

sequences included axial breath-hold (BH) bSSFP/TRUFI, 2D coronal free-breathing 

bSSFP/TRUFI, and axial navigator-triggered T2 turbo-spin-echo (TSE) sequence with 

radial, motion insensitive, trajectory sampling (BLADE, Supplementary Table 1).

The non-contrast sequences were optimized follows:

a. A balanced SSFP (bSSFP/TRUFI) sequence based three-plane localizer was used 

for fast BH T2-weighted imaging to overcome the poor signal to noise ratio 

(SNR) observed in single-shot fast spin-echo sequence.

b. This was followed by a coronal free breathing non-fat suppressed 2D 

bSSFP/TRUFI acquisition for pulmonary vasculature evaluation. The reduced 

susceptibility and increased T2* at 0.55 T allowed the use of longer TRs and 

lower readout bandwidth. Further, an excitation flip angle of 107 deg was used to 

improve SNR without any additional specific absorption rate (SAR) overhead.

c. Axial T2-weighted imaging was performed using a prospectively triggered free-

breathing TSE sequence for visualization of lung parenchyma. K-space was 

sampled using a radial trajectory to improve motion robustness compared to 

conventional Cartesian scanning. The slice thickness was 6 mm in 11 exams, and 
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5 mm in 11 exams. In order to compensate for SNR reduction with smaller slice 

thickness, the radial coverage factor was increased to 130%. This series was used 

for assessment of pulmonary groundglass and fibrosis-like opacities.

2.3. CT acquisition parameters

CT scans for each participant were acquired as a component of routine clinical care. All 

exams were non-contrast enhanced. Slice thickness was 1 mm in 20 exams, and 1.25 mm 

in two exams. All exams included the lungs in entirety, and were reviewed in lung kernel in 

axial plane (Visage PACS).

2.4. Imaging interpretation

Two readers, thoracic radiologists with 18 and 5 years of post-fellowship experience, were 

trained using two cases not included in the study. Axial T2 BLADE series, optimized for 

lung parenchymal visualization, were independently evaluated by each reader, blinded to 

patient information including other imaging. The lungs were divided into four quadrants. 

The right upper and middle lobes were grouped, to correspond to the similar grouping of the 

left upper lobe and lingula. The upper and lower lungs were scored, such that there were 4 

scores per exam, for each parameter of interest.

Parameters included presence of opacity, extent of opacity, distribution of opacity, and 

presence versus absence of subpleural lines and subpleural reticulation. Groundglass opacity, 

subpleural lines, and reticulation were graded in accordance with Fleischner Society 

glossary of terms for thoracic imaging [16]. Extent of opacity by lung quadrant was 

graded on a scale of 0–4, corresponding to percentage of lobe involved: 0— no opacity; 

1— <25 % opacity; 2–25-<50 % opacity; 3–50-<75 % opacity; and 4— ≥75 % opacity. 

Opacity distribution was graded as either peripheral (outer 1/3 lung parenchyma), central, 

or both. Binary grading was noted for presence or absence of parallel subpleural lines and 

perpendicular subpleural reticulation.

CT images at 1/1.25 mm slice thickness, displayed in a standard lung window (−600/1500) 

and at high-frequency reconstruction algorithm (B60) were independently evaluated by each 

reader, blinded to patient information including other imaging. Scoring was performed as 

above described. CT and MR images were reviewed at an interval of at least 3 weeks.

2.5. Statistical analyses

Agreement between readers and modalities was assessed in terms of the percentage of times 

concordant results were provided for the same lung quadrant. Simple kappa was used for the 

nominal (opacity distribution) and binary outcomes (presence of opacity, subpleural bands, 

and subpleural reticulation). Cohen’s kappa coefficient with a linear weighted kappa was 

used for ordinal grading of opacity extent. The level of agreement was interpreted as poor 

when kappa (K) was less than zero, slight when 0 ≤ K ≤ 0.2, fair when 0.2 < K ≤ 0.4, 

moderate when 0.4 < K ≤ 0.6, substantial when 0.6 < K ≤ 0.8, and almost perfect when K > 

0.8. All statistical tests were conducted using SAS 9.4 (SAS Institute, Cary, NC).
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3. Results

22 exams from 20 patients were included for inter-modality and CT inter-reader 

concordance assessments. 106 MRI exams from 64 patients (average age 53 ± 14 years, 

range 19–85 years; median age 55.5 years, IQR 20; 26 women) were included for MRI 

inter-reader concordance assessment (Table 1). Average interval between MRI and CT 

exams was 18 ± 9 days (range 0–30 days).

Over half of patients (39/64, 61 %) had history of prior hospital admission (mean days 

admitted 16 ± 17; median 8 days, IQR 16; range 1–84 days). Varying levels of oxygen 

support were required during acute illness among the cohort, including ECMO (n = 

4), mechanical ventilation (n = 9), high flow oxygen (n = 10), simple facemask or non-

rebreather (n = 1), simple nasal cannula (n = 11), and no supplemental oxygen support (n 

= 29). Average interval between patient-reported Covid symptom onset and MRI exam was 

304 ± 138 days (median 312 days, IQR 230, range 48–569 days), or 9.5 ± 4.5 months 

(median 10 months, IQR 7, range 1–18 months), in this post-Covid cohort.

3.1. Inter-reader agreement for CT

On CT, inter-reader agreement was substantial for all parameters. Inter-reader concordance 

for detection of groundglass opacity on CT was 99 % (k = 0.96), with opacities identified 

in 71/88 lung quadrants by Reader 1, and 72/88 lung quadrants by Reader 2 (Table 2, 

Supplementary Table 2). Inter-reader concordance for extent of opacity on CT was 78 % 

(k = 0.86). Opacities were graded as 50 % or greater in 32/88 quadrants for Reader 1, and 

27/88 quadrants for Reader 2. Greatest discordance was in extent category 2 of 25-<50 % 

opacity (8/88 for Reader 1, and 18/88 for Reader 2).

Characterization of opacity distribution on CT was concordant in 85/88 lung quadrants (97 

%, k = 0.94), with the majority of lung quadrants demonstrating both central and peripheral 

opacity (Reader 1 54/88; Reader 2 55/88). Grading of presence or absence of parallel 

subpleural lines on CT was concordant in 87/88 lung quadrants (99 %, k = 0.97), and 

subpleural reticulation in 83/88 lung quadrants (94 %, k = 0.89).

3.2. Inter-reader agreement for low-field MRI

On low-field MRI, inter-reader agreement for detection of groundglass opacity was 85 % (k 

= 0.57), with opacities identified in 338/424 lung quadrants by Reader 1, and 320/424 lung 

quadrants by Reader 2 (Table 3, Supplementary Table 3). Inter-reader agreement for opacity 

presence was moderate to substantial in the upper lung quadrants (RUL/RML 0.58, LUL 

0.63), and moderate in the lower lung quadrants (RLL 0.46, LLL 0.41).

Inter-reader concordance for extent of opacity on MRI was 48 % (k = 0.32). Opacities were 

graded as 50 % or greater in 70/424 zones for Reader 1, and 127/424 zones for Reader 2. 

While inter-reader agreement for opacity extent was fair overall (0.38), it was moderate in 

each lung quadrant individually (0.45–0.53, Supplementary Table 3).

Characterization of opacity distribution on MRI was concordant in 296/424 lung quadrants 

(70 %, k = 0.46), with the majority of lung quadrants demonstrating both central and 
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peripheral opacity (243/424 quadrants for Reader 1, 269/424 quadrants for Reader 2). There 

was moderate inter-reader concordance for characterization of opacity distribution in the 

upper lung quadrants (RUL/RML 0.44, LUL 0.46), and fair inter-reader concordance in the 

lower lung quadrants (RLL 0.29, LLL 0.25; Supplementary Table 3). Grading of presence or 

absence of parallel subpleural lines on MRI was concordant in 366/424 lung quadrants (86 

%, k = 0.47), and grading of subpleural reticulation concordant in 321/424 lung quadrants 

(76 %, k = 0.37).

3.3. Concordance between CT and low-field MRI

Opacities were graded as present on CT in 19/22 exams by Reader 1 and 19/22 exams by 

Reader 2, and perceived on 22/22 MRI by Reader 1 and 20/22 MRI by Reader 2. Pooled 

inter-modality agreement for detection of groundglass opacity was moderate (86 %, k = 

0.43, Table 4, Figs. 1 and 2). A higher number of lung quadrants were rated as involved by 

groundglass opacity on MRI (161/176) in comparison to CT (143/176).

Scoring of opacity presence was concordant between MRI and CT in 152/176 lung 

quadrants among readers (86 %, k = 0.43, Table 4). Inter-modality concordance for opacity 

extent was substantial, 0.63, with agreement in 91/176 lung quadrants (52 %). Inter-modality 

concordance for opacity distribution was substantial, concordant in 139/176 lung quadrants 

(79 %, k = 0.65). Inter-modality concordance was substantial for subpleural lines (163/176, 

93 %, k = 0.8, Fig. 3), and moderate overall for subpleural reticulation (134/176, 76 %, k = 

0.52, Fig. 4), though fair in the lower lung quadrants (Supplementary Table 4).

4. Discussion

We found moderate inter-modality concordance between low-field MRI and CT for 

detection of pulmonary groundglass opacities, with substantial concordance for grading of 

opacity extent, characterization of opacity distribution, and detection of subpleural bands. 

In the largest low-field MRI cohort to date for assessment of groundglass opacities, we 

found fair to moderate inter-reader agreement for opacity detection and characterization. The 

majority of this cohort demonstrated persisting MRI opacities an average of 9.5, and up to 

18 months, after initial Covid-19 pneumonia symptom onset, highlighting the potential of 

low-field MRI for longitudinal surveillance.

Conventional 1.5 T MRI has demonstrated high accuracy for detection of consolidation 

on TSE, with sensitivity of 94 % and specificity of 98 % in a cohort of 77 outpatients 

with pneumonia, as compared to CT [10]. However, performance for groundglass opacities 

may be lower. Inter-method agreement between 3 T UTE images and CT for detection 

of consolidation and groundglass opacities demonstrated intraclass coefficient 0.9–1 in 23 

Covid-19 patients, with higher detection rate for consolidation (100 %) than groundglass 

opacities (67 %) on MRI [2]. In a Covid cohort of 20 patients scanned at 1.5 T using 

balanced SSFP sequence, groundglass opacities were significantly less likely to be detected 

on MRI in comparison CT [17]. Similarly, in a Covid cohort of 52 patients imaged at 1.5 T 

using PD-weighted, fat-saturated TSE sequence, while inter-method concordance was high 

for consolidation (k = 1), it was only fair for groundglass opacities (k = 0.339) [18].
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On a similar closed-bore low-field MRI system assessing groundglass opacities in a 

prior study, kappa concordance for opacity detection was 0.57 (present on 6 CTs and 

10 MRIs) among 18 exams [9]. Our concordance between CT and MR for detection of 

groundglass opacity presence was k = 0.43 over 88 lung zones, in a high-prevalence cohort. 

Importantly, in our study, inter-modality agreement for ordinal scoring of opacity extent was 

substantial, 0.63. There was also substantial inter-modality agreement for additional features 

characterizing opacity, including distribution and subpleural bands.

Characterization of fine lung detail, the feature subpleural reticulation, showed moderate 

inter-modality agreement; on CT inter-reader agreement was 0.89, and 0.37 on MRI. This 

may in part be due the larger slice thickness used on MRI of 5–6 mm compared to the 1/1.25 

mm slice thickness on CT. The near perfect inter-reader correlation on CT for all parameters, 

versus fair to moderate inter-reader agreement on MRI, may also be indicative of reader 

confidence in MR findings. Although both readers in this study were experienced in thoracic 

MRI, there are general limitations in knowledge regarding lung MRI in patients with prior 

Covid-19 pneumonia, and in relation to groundglass opacities on a low-field system.

A higher number of lung quadrants were rated as involved by groundglass opacity on 

T2-weighted non-contrast MR imaging sequence in comparison to CT (161 versus 143) 

in our cohort. Others have suggested severity of airspace abnormality may appear greater 

on MRI than CT [13], or alternatively, have classified the MRI findings as false positives 

[9] (Fig. 5). Given T2 hyperintensity may relate to edema or active inflammatory response 

[19–21], there is possibility that MRI is providing morphofunctional information beyond CT. 

This concept has been shown in other pathologies. For example, signal intensity has been 

correlated with disease severity in cystic fibrosis and idiopathic pulmonary fibrosis patients 

[20–22].

False amplification of groundglass opacities on MRI is also a possibility. Lung signal 

intensity may vary by sequence, for example, lung signal is higher on UTE than fast spin 

echo [23], and field strength [11]. Lung signal varies with patient age, and anterior-posterior 

location consequent gravity-dependent changes [23]. To mitigate overestimating dependent 

atelectasis from true groundglass opacity, we acquired T2 BLADE series early in the 

imaging protocol. However, even on short-duration CT exams, discerning gravity dependent 

change from groundglass opacity or fibrosis can be challenging without prone imaging, 

and has been found to be exacerbated by older age, smoking history, and obesity [24]. 

Similarly, we found inter-reader agreement was lower for parameters of opacity presence 

and distribution in the lower versus upper lung quadrants, which may relate to increased 

subjectivity in discerning opacities from dependent atelectasis, further affected by the 

peripheral predilection of Covid-19.

An additional consideration is the free breathing technique employed in this low-field MRI 

study. Chest CT is typically performed at full inspiration, while the MRIs in this study 

were performed during normal respiration with navigator-triggering, and acquisition at end- 

expiration. Lower lung volumes may increase lung signal due to alveolar contraction and 

atelectasis. Finally, increased noise related to a lower spatial and temporal resolution of MRI 
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may potentially increase signal. Imaging artifacts may also be more prevalent on MRI than 

CT.

Limitations of our study include small sample size of the inter-modality concordance 

analysis, restricted by shortage of temporally qualifying low-field MR and CT imaging 

exams. Opacities in relation prior Covid-19 pneumonia infection have been noted to persist 

longitudinally [14], and in absence of intervening acute illness, in similar CT distribution 

[15]. Our inter-modality subset of MRI and CT exams were obtained in close proximity, 

an average of 18 days apart, in a unique cohort with longitudinally persisting opacities. We 

did not adjudicate CT or MR scoring, as is often not performed in clinical scenarios, and 

to account for the subjectivity inherent in interpretation of even experienced radiologists. 

While this is the largest inter-reader evaluation of groundglass opacity detection and 

characterization on a low-field MRI system, further investigation will be necessary for 

optimization of low-field MRI sequences, including free-breathing sequences, to elucidate 

the value of low-field MRI for lung parenchymal evaluation.

In conclusion, low-field 0.55 T MRI demonstrates fair to moderate inter-reader concordance, 

and moderate to substantial inter-modality agreement with CT, for detection and 

characterization of groundglass and fibrosis-like lung opacities.
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Fig. 1. 
59 year old woman with history of Covid-19 pneumonia 6 months prior to MRI. (A) CT 

demonstrates bilateral interstitial and groundglass opacities, peripherally in the right upper 

lobe, and both central and peripherally in the left upper lobe. (B) MRI obtained two weeks 

after CT shows opacities in similar extent and distribution. Also note the sharp, geographic 

demarcation of the central left upper lobe groundglass medially on both CT and MRI 

(arrows). The AP diameter of the chest is decreased on MRI in comparison CT, which 

Azour et al. Page 11

Eur J Radiol. Author manuscript; available in PMC 2023 October 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



may relate to imaging at full inspiration for CT, with quiet breathing during 5-minute MRI 

acquisition.

Azour et al. Page 12

Eur J Radiol. Author manuscript; available in PMC 2023 October 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 2. 
39 year old man with history of Covid-19 pneumonia 2 months prior to MRI. CT (A, B) and 

subsequent MRI (C, D) 6 days later demonstrate diffuse groundglass opacity the upper and 

mid-lungs, in similar extent and distribution (arrows).
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Fig. 3. 
64 year old man with history of Covid-19 pneumonia 7 months prior to MRI. A subpleural 

line (arrow) is conspicuous on both CT (A) and same-day MRI (B) in the basilar right lower 

lobe.
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Fig. 4. 
46 year old man with history of Covid-19 pneumonia 15 months prior to MRI. (A) There 

are subpleural reticular opacities in the right greater than left lower lobe on the companion 

CT (arrow), scored as present by both readers. On MRI obtained 21 days after CT, Reader 1 

scored both groundglass opacities and subpleural reticulation as present in both lower lobes, 

while Reader 2 scored no opacities or subpleural reticular opacities to be present on MRI.
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Fig. 5. 
46 year old man with history of Covid 19 pneumonia 5 months prior to MRI. Right greater 

than left lower lobe groundglass opacity is apparent on CT (A). Low-field MRI obtained 

2 days after CT demonstrates similar extent and distribution of groundglass opacity (B). 

Signal intensity on MRI appears to suggest greater severity of opacity than CT attenuation.
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Table 1

Study Population.

Inter-modality subset+ All low-field MRI exams++

Age in years, mean ± StDev (range) 53 ± 13 (27–76) 53 ± 14 (19–85)

Sex, n (%)

 Men 14 (70) 38 (59)

 Women 6 (30) 26 (41)

Covid-19 hospital admission, n (%) 17 (85) 39 (61)

Covid-19 intubation, n (%) 7 (35) 13 (20)

+
n =20 for sex, hospital admission, and intubation; age is calculated from age at 22 exam time points.

++
n = 64 for sex, hospital admission, and intubation; age is calculated from age at 106 exam time points.
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Table 2

Inter-Reader Concordance for CT.

Feature Reader 1 Reader 2 Number Concordant (%) + Kappa

Opacity Presence 71 72 87/88 (98.9) 0.96

Opacity Extent 
0—no opacity 
1— <25 % 
2–25 - <50 % 
3–50 - <75 % 
4— >75 %

17 
31 
8 
16 
16

16 
27 
18 
13 
14

69/88 (78.4) 0.86

Opacity Distribution 
None 
Peripheral 
Central and 
Peripheral Central

17 
16 
54 
1

16 
16 
55 
1

85/88 (96.6) 0.94

Subpleural Lines 23 24 87/88 (98.9) 0.97

Subpleural Reticulation 45 48 83/88 (94.3) 0.89

+
Denominator is 88, corresponding to number of lung quadrants scored by each reader, in 22 exams.
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Table 4

Inter-Modality Concordance: Comparison of Imaging Findings by 0.55 T MRI and CT.

Feature Number Concordant (%) + Kappa

Opacity Presence 152/176 (86.4) 0.43

Opacity Extent 91/176 (51.7) 0.63

Opacity Distribution 139/176 (79) 0.65

Subpleural Lines 163/176 (92.6) 0.80

Subpleural Reticulation 134/176 (76.1) 0.52

+
Denominator is 176, corresponding to pooled scores of 88 lung quadrants per reader.
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