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There has been considerable effort put into understanding
why certain patients have ongoing symptoms of breath-
lessness after acute COVID-19 disease. Efforts to under-
stand this aspect of so-called “long COVID” have focused
on functional and structural lung imaging.

Several studies with contrast-enhanced and dual-energy
CT have assessed chronic pulmonary vascular perfusion
deficit in acute COVID-19 lung disease (1-3). However,
such studies have tended to focus on patients with severe
and acute lung disease diagnosed with use of CT. The abil-
ity of the CT perfusion methods clinically used to quantify
and resolve microvascular capillary perfusion deficits can
be limited, especially where there is no structural abnor-
mality seen at lung CT (4).

Unique pulmonary functional information can in-
stead be evaluated by use of inhaled hyperpolarized xe-
non 129 (*¥Xe) MRI. This method tracks the passage
of xenon along the oxygen uptake path in the lungs (5).
With spectroscopic imaging of '¥Xe gas transfer, xenon
gas can be measured in the ventilated alveoli, dissolved
in the interstitial tissue, and, finally, taken up by the red
blood cells (RBCs) in the capillaries. '*Xe gas-transfer
MRI is very sensitive to early lung pathophysiologic con-
ditions and disease progression in interstitial lung diseases
(6,7). The method is being used in the clinical setting to

understand why some patients present with unexplained
breathlessness (8). The method has recently been applied
to understand the pathophysiology of acute COVID-19
lung disease in China (9) after hospital discharge. In the
United Kingdom, ¥Xe MRI has highlighted regional
physiologic deficits in gas transfer in patients with post—
COVID-19 breathlessness, despite the absence of struc-
tural abnormality at CT (10).

In this issue of Radiology, Matheson and colleagues (10)
demonstrated abnormalities in dissolved xenon uptake in
the RBC:s in the capillaries and link this with evidence of
small vessel pruning from quantitative analysis of CT in
the lungs. Their study was performed in a group of patients
with post-acute COVID-19 lung symptoms (12 hospital-
ized and 22 non-hospitalized). Matheson et al (10) dem-
onstrated that in symptomatic patients with post-acute
COVID-19 syndrome (PACS), '¥Xe gas-exchange MR
spectroscopy and CT vascular density metrics were abnor-
mal and related to lung function tests (diffusion capacity
of carbon monoxide and forced expiratory volume in 1
second) and symptoms of exercise limitation and dyspnea.

Matheson et al (10) are to be commended for linking
the CT vascular and xenon gas-exchange modalities and
for systematically performing lung function tests in these
patients. The evidence here suggests that the perceived xe-
non deficit in the RBC signal may be caused by microvas-
cular abnormality rather than interstitial diffusion limita-
tion. Without wanting to detract from this timely work
from our respected colleagues, there are a couple of points
worth noting.

First, the quantitative findings presented are derived from
global '¥Xe lung MR spectroscopy (eg, the ratio of the spec-
tral peaks from the RBCs and the tissue membrane and the
area under these spectral peaks). This in itself is fine, but it
would be good to see some analysis of the xenon images that
are depicted in the article. Of real interest would be an anal-
ysis of the regional heterogeneity of the xenon gas-transfer
MRI metrics alongside the regional vessel analysis from CT.
Moreover, the values of the area under the individual spectral
peaks also need to be treated with a bit of caution as they are
not normalized for system- and/or subject-dependent fac-
tors (see the abundant hydrogen-proton nuclear MR spec-
troscopy literature where ratios or external reference signals
are still routinely used). An example of one such factor for
xenon MR spectroscopy is the inhaled xenon concentration
(gas dose per lung volume); here, all subjects received a fixed
dose of 1 L of gas, irrespective of their lung volume.
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See also the article by Matheson et al in this issue.
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Second, there was a substantial difference in age between the
healthy and patient cohorts, which makes it hard to interpret the
differences between the groups. The authors mention this and
state there is no literature out yet on age dependence of xenon
gas-transfer MR indexes, but recently, both the Duke and Shef-
field groups independently reported that the RBC:barrier ratio
decreases by 0.04 with every 10 years of age. The age difference
between the groups reported here is on average 18 years; as such,
we should expect the RBC:barrier ratio for healthy controls to
drop from 0.41 to 0.35 if corrected for age, which is what is be-
ing reported here for the patient group with PACS.

We are pleased to see this work adding to the literature on
dissolved xenon MRI in post-COVID-19 lung disease and share
the sense of urgency to understand post-COVID-19 lung symp-
toms. We do, however, need to make sure that the findings sit
sensibly with appropriately age-matched normative data before
clinically meaningful conclusions can be drawn. As investigators
in this area, we are committed to this, and it would be interest-
ing to see a pooling of benchmarked normative data. In further
work, it would also be of serious interest to follow up on this
detailed patient cohort study and see if the perceived gas-trans-
fer abnormality from xenon MRI improves alongside the lung
function, vascular CT, or complementary dynamic contrast-
enhanced lung-perfusion MRI methods that can help quantify
microvascular capillary perfusion abnormality.

Disclosures of conflicts of interest: ].M.W. Funding from MRC and NIHR.
G.C. No relevant relationships.

478

References

1.

Ridge CA, Desai SR, Jeyin N, et al. Dual-Energy CT Pulmonary An-
giography Quantifies Vasculopathy in Severe COVID-19 Pneumonia.
Radiol Cardiothorac Imaging 2020;2(5):¢200428.

. Poschenrieder F, Meiler S, Lubnow M, etal. Severe COVID-19 pneumonia:

Perfusion analysis in correlation with pulmonary embolism and vessel

enlargement using dual-energy CT data. PLoS One 2021;16(6):¢0252478.

. Shahin'Y, Rajaram S, Parkash V, Wild JM, Kiely DG, Swift AJ. Patterns

of thromboembolic pulmonary vascular disease in COVID-19. Pulm Circ
2021;11(1):2045894020979198.

. Remy-Jardin M, Duthoit L, Perez T, et al. Assessment of pulmonary

arterial circulation 3 months after hospitalization for SARS-CoV-2
pneumonia: Dual-energy CT (DECT) angiographic study in 55 patients.
EClinicalMedicine 2021;34:100778.

. Wang JM, Robertson SH, Wang Z, et al. Using hyperpolarized '*’Xe

MRI to quantify regional gas transfer in idiopathic pulmonary fibrosis.
Thorax 2018;73(1):21-28.

. Weatherley ND, Stewart NJ, Chan HF, et al. Hyperpolarised xenon

magnetic resonance spectroscopy for the longitudinal assessment of

changes in gas diffusion in IPF. Thorax 2019;74(5):500-502.

. Stewart NJ, Smith LJ, Chan HF, et al. Lung MRI with hyperpo-

larised gases: current & future clinical perspectives. Br J Radiol
2022;95(1132):20210207.

. Li H, Zhao X, Wang Y, et al. Damaged lung gas exchange function of

discharged COVID-19 patients detected by hyperpolarized '*’Xe MRI.
Sci Adv 2021;7(1):eabc8180.

. Grist JT, Chen M, Collier GJ, et al. Hyperpolarized 'Xe MRI Abnor-

malities in Dyspneic Patients 3 Months after COVID-19 Pneumonia:
Preliminary Results. Radiology 2021;301(1):E353-E360.

. Matheson AM, Mclntosh MJ, Kooner HK, et al. Persistent '*’Xe MRI

Pulmonary and CT Vascular Abnormalities in Symptomatic Individuals

with Post-acute COVID-19 Syndrome. Radiology 2022;305(2):466-476.

radiology.rsna.org = Radiology: Volume 305: Number 2—November 2022



