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Abstract

Introduction—Optimal strategies to detect early interstitial lung disease (ILD) are unknown.
ILD is frequently subpleural in distribution and affects lung elasticity. Lung Ultrasound Surface
Wave Elastography (LUSWE) is a noninvasive method of quantifying superficial lung tissue
elastic properties. In LUWSE a handheld device applied at the intercostal space vibrates the chest
at a set frequency and the lung surface wave velocity is measured by an ultrasound probe 5mm
away in the same intercostal space. We explored LUWSE's ability to detect ILD and correlated
LUSWE velocity with physiologic, quantitative and visual radiologic features subjects with known
ILD and healthy controls.

Methods—77 subjects with ILD, most due to connective tissue disease, and 19 healthy controls
were recruited. LUSWE was performed on all subjects in 3 intercostal lung regions bilaterally.
Comparison of LUSWE measures pulmonary function testing, visual assessment and quantitative
analysis of recent CT imaging with Computer-Aided Lung Informatics for Pathology Evaluation
and Rating (CALIPER) software.

Results—Sonographic velocities were higher in all lung regions for cases, with the greatest
difference in the lateral lower lung. Median velocity in m/s was 5.84 vs 4.11 and 5.96 vs. 4.27
(p<0.00001) for cases vs. controls, left and right lateral lower lung zones, respectively. LUSWE
velocity correlated negatively with vital capacity and positively with radiologist and CALIPER-
detected interstitial abnormalities.

Conclusion—LUSWE is a safe and noninvasive technique that showed high sensitivity to detect
ILD and correlated with clinical, physiologic, radiologic and quantitative assessments of ILD.
Prospective study in detecting ILD is indicated.

Corresponding Author: Ryan Clay, Mayo Clinic, 200 First Street SW, Rochester, MN 55905, RClayMD@gmail.com.
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Introduction

Despite difference in clinical course between connective-tissue disease related interstitial
lung disease (CTD-ILD) and idiopathic pulmonary fibrosis (IPF), interstitial lung diseases
(ILD) tend to be progressive and irreversible.::2 Epidemiologic study suggests that
preclinical asymptomatic ILD exists, but time from initial development of disease to
symptom onset may be years.3 While patients and treating clinicians hope for improvement,
a realistic therapeutic goal is often slowing or arresting disease progression.4 Due to
current limitations in medical therapy, the optimal window to intervene is likely at this pre-
clinical stage. However, the best way to screen for pre-clinical ILD has yet to be determined.
High-resolution computed tomographic (HRCT) is commonly used for the detection and
characterization of pulmonary disease, but is generally not used to screen for asymptomatic
ILD due to cost, radiation exposure and a high prevalence of incidental findings.17:8

Ultrasound is widely available and has become an indispensable tool in the point-of-care
management of pleural disease.® Ultrasound's utility in pulmonary disease beyond the
pleural cavity, however, is limited due to poor sonographic penetration through air. However
ILDs, especially CTD-ILD and IPF, have a dominantly subpleural distribution,19-12 and
thoracic ultrasound can detect interstitial lung abnormalities, which show visually as the
comet artifact — also known as B-lines. Unfortunately, B lines are a nonspecific finding and
can be seen in any parenchymal or interstitial lung process including atelectasis and
pulmonary edema. The detection and quantification of B-lines are operator-dependent, and
the optimal approach and patient positioning is unknown.314 Varying scoring systems have
been proposed to stratify disease severity in ILD with ultrasound based on B-lines, but none
are standardized,® and interpretation is dependent on subjective assessment and expertise.

The development of Lung Ultrasound Surface Wave Elastography has been previously
detailed.16:17 L_ung fibrosis — the final common pathway in varying ILDs — results in
stiffened lung tissue. The velocity of sound wave propagation increases with tissue stiffhess.
In LUSWE an ultrasound probe measures the velocity of applied harmonic vibration through
the surface lung tissue. A small pilot study showed clear differences in LUSWE velocity
between subjects with ILD and healthy volunteers.1’ We therefore hypothesized that
LUSWE should have distinctly higher velocities in subjects with ILD when compared to
healthy volunteers. We explored a structured approach to LUSWE in clinical practice to gain
better understanding regarding its operating characteristics, sensitivity and specificity for
detection of ILD. We compared the LUSWE measurements with pulmonary function testing
(PFT), expert-applied clinical severity scores, thoracic radiologist visual assessment and
quantitative CT analysis of the ultrasound footprint using validated CT post-processing
software (CALIPER)18-20 tg explore the clinical relevance of this novel technique as both a
screening and assessment tool of ILD. Elucidation of LUSWE characteristics and correlation
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with currently accepted clinical features of disease are essential to its development as a
proposed screening tool in patients at risk for ILD.

Patient recruitment

77 subjects with known interstitial lung disease and 19 never-smoker healthy controls were
recruited to undergo LUSWE. All subjects had pulmonary function testing done within 12
months of LUSWE assessment. All radiologic and physiologic testing in the ILD group was
performed for ongoing clinical care. Controls were verified to have normal pulmonary
function testing, no significant exposures and a prior volumetric HRCT for research
purposes within the prior 12 months. HRCT was assessed by CALIPER software and given
a visual assessment severity score by a thoracic radiologist (BJB).18 Overall clinical severity
was scored based on PFT results (SK). LUSWE results were not available to clinical care
providers and therefore not used to make clinical decisions. This study was approved by the
Mayo Clinic Institutional Review Board (IRB number 7-006863). All subjects provided
informed consent.

Ultrasound surface wave elastography technique

Patients were tested sitting upright. The handheld shaker (FG-142, Labworks Inc, Costa
Mesa, CA) was firmly applied to the skin with a force less than 1 Newton (Figure 1). The
device has a 3mm footprint at the skin, and most subjects reported feeling mild vibration,
but no discomfort. A 0.1 s harmonic excitation was generated at three separate frequencies:
100 Hz, 150 Hz and 200 Hz, with 3 measurements made each time using the Verasonics
ultrasound system with the L11-4 ultrasound transducer (Verasonics Inc, Kirkland, WA) at
the 6.4 MHz frequency. The transducer probe was placed 5mm away from the handheld
shaker in the same intercostal space on the skin with firm gentle pressure using water-based
transmission gel.

Each measurement was taken during breath hold at full inspiration. Three intercostal spaces
were systematically recorded at each lung for a total of six measured interspaces per subject:
the second intercostal space at the mid-clavicular line (upper anterior), one intercostal space
above the diaphragm in the mid-axillary line (lower lateral) and one intercostal space above
the diaphragm in the mid-scapular line (lower posterior). Ultrasound visualization was used
to confirm each location and make fine adjustments as warranted by variations in subject
anatomy. Total testing time per subject to accommodate all measurements was
approximately 30 minutes.

Clinical scoring

All subjects had pulmonary function testing within 12 months of LUSWE assessment.
Clinical severity scores were assessed based on impairment noted in the pulmonary function
testing and assigned a grade from 0 — 3 where 0 = no impairment, 1 = mild, 2 = moderate
and 3 = severe based on the worst of the percentage predicted TLC, DLCO or forced vital
capacity (FVC) measurements, by an experienced pulmonologist (SK). All controls were
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assigned a clinical severity score of 0 given that normal PFTs without symptoms were
prerequisites for enrollment into the control group.

Radiologist visual scoring

71 subjects had visual assessment of their CT chest by an experienced thoracic radiologist
(BB) and were assigned a score from 0 — 3 where 0 = no detected disease, 1 = mild disease,
2 = moderate disease and 3 = severe disease based on their most recent clinical chest CT.

CALIPER assessment

Computer Aided Lung Informatics for Pathology Evaluation and Rating (CALIPER) is a
validated quantitative HRCT analysis tool developed at Mayo Clinic (CALIPER LTA, Imbio
LLC, Minneapolis, MN) that reliably detects and quantifies parenchymal lung features.
CALIPER features have been shown to correlate with radiologist visual assessment and
pulmonary function testing.2122 CALIPER has been validated in multiple studies to provide
valuable prognostic data in ILD and to correlate well with physiologic metrics.21-24

If available, a noncontrast volumetric HRCT within 12 months of LUSWE assessment was
analyzed by CALIPER (54 cases, 19 controls) and the percentage of each CALIPER-
detected lung tissue type was calculated. To correlate with the area of lung assessed by a
projected footprint of the ultrasound transducer, the CALIPER characteristics in 6 discrete
15mm diameter hemispheres corresponding to the right and left lung upper anterior, lower
lateral and lower posterior LUSWE evaluation locations were analyzed. CALIPER analysis
was also performed on the entire lung volumes. Results were reported as percent of each
lung tissue type present in the volume analyzed. The category interstitial lung abnormality
(ILA) was a summed category of ground glass + reticular density + honeycomb cyst. The
category ‘normal’ was generated by combining the tissue types of normal and mild low
attenuation which correlate highly with normal parenchymal appearance and physiology in
our own healthy controls and prior studies.2925 The remaining moderate and severe low
attenuation areas would generally correlate with areas of emphysema or hyperinflation, but
there was little to none of these features in either ILD or control subjects and these measures
were not used in our analysis.1?

Statistical analysis

Results

Categorical data were compared by chi square and continuous data by Wilcoxon Rank Sum
with the exception of normally-distributed demographic data that was compared by paired t
test. P values < 0.05 were considered significant; all tests were 2-tailed when applicable.
Correlations between variables were assessed with r squared and analysis of variance.
Univariate and multivariate analysis was done by nominal logistic regression. Data analysis
was completed in JMP pro version 10.0 (Cary, NC, United States).

77 subjects with interstitial lung disease and 19 healthy subjects were recruited to undergo a
structured LUSWE exam. Diagnoses represented were scleroderma, n = 30 (39%);various
other connective tissue diseases, n = 11 (14%); rheumatoid arthritis, n =
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9(12%);antisynthetase syndrome, n = 6 (8%); idiopathic pulmonary fibrosis, n = 5(7%);
polymyositis, n = 4 (5%); Sjogren's syndrome, n = 3 (4%); and other diagnoses including
unclassified ILD, interstitial pneumonia with autoimmune features,2% inflammatory
myopathy, systemic lupus erythematous and microscopic polyangiitis, n = 9 (12%).

ILD cases were older (62.2 versus 45.2 years old, p = 0.0001) with a higher BMI (28.7
versus 25.7 kg/m2, p = 0.008) compared to healthy controls. Cases had significantly more
restricted spirometry when compared to controls (Table 1). Healthy controls had essentially
normal lungs by quantitative CT analysis compared to cases, who had substantial global
involvement with ILA as detected by CALIPER (0% versus 45.1%, p <0.0001). Cases, as
expected, had higher radiologic and clinical severity scores (p < 0.0001).

Lung ultrasound surface wave elastography

LUSWE velocities were significantly higher in all lung fields of subjects with ILD versus
healthy controls (Table 2). The median velocities had the greatest difference between
subjects with ILD and healthy controls in the lower lateral lung zones at the 200 Hz
frequency — the site measured 1 intercostal space above the diaphragm at the mix-axillary
line. For example, the right lower lateral LUSWE velocity at 200 Hz was 5.84 m/s
(interquartile range (IQR) 5.15 - 6.63) for cases versus 4.11 m/s for controls (IQR 3.50 —
4.15), p < 0.0001. Velocities in the left lower lateral lung zone performed similarly at the
200 Hz frequency: 5.96 m/s (IQR 5.19 — 7.07) versus 4.27 m/s (IQR 4.03 — 4.67) for cases
versus controls, p < 0.0001. Though all zones and frequencies were statistically distinct, this
difference was attenuated at the 100 Hz and 150 Hz frequencies, and was less pronounced
for the upper anterior and lower posterior lung zones.

CALIPER measures

CALIPER metrics demonstrated a basilar-prevalent distribution of ILA within the cases and
increased presence of ground glass and reticular density in all lung zones when compared to
controls (p < 0.0001). This difference was the greatest when examining the lower posterior
lung zones (p < 0.0001 for both left and right lower posterior lung zones). Cases
paradoxically had significantly more CALIPER-detected ‘normal’ lung in the upper lung
zones measured when compared to healthy controls. (p = 0.014, 0.001 for right and left,
respectively).

Clinical correlations of LUSWE

The difference between LUSWE-detected velocities in healthy controls versus cases with
ILD was greatest in the right lower lateral lung zone at 200 Hz and the correlation between
LUSWE and other clinico-radiologic measures was therefore analyzed for this area, using
the measurements made at 200 Hz. Distributions were compared between ILD cases and
controls for surface wave velocity, FVC percent predicted and percent ILA as detected by
CALIPER (Figure 2). Median LUSWE velocity was weakly negatively correlated with FVVC
percent predicted (R? = 0.06, p = 0.02) (Figure 3) and was weakly positively correlated with
% ILA in the affected lung zone (R% = 0.13, p = 0.002 (Figure 3). LUSWE velocity in the
right lower lateral zone also positively correlated with overall % ILA detected (R? = 0.27, p
< 0.0001). Median LUSWE velocity increased with increasing radiologist-assessed visual
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severity scores: 4.1 m/s for a score of 0, 5.1 m/s for a score of 1, 5.9 m/s for a score of 2 and
6.0 m/s for a score of 3; p < 0.0001 (Figure 3). Median LUSWE velocity was higher for
subjects with a clinical severity score =1, but did not reliably increase with increasing
clinical severity: 4.2 m/s for a score of 0, 5.9 for a score of 1, 6.0 for a score of 2 and 5.3 for
a score of 3, p <0.0001 (Figure 3). In univariate nominal logistic regression, LUSWE
velocity was predictive of ILD presence with an area under the curve (AUC) of 0.94 and
odds ratio (OR) 13.4 (95% CI 4.0-44.6) per 1 m/s increase in LUSWE velocity, p <0.0001.
Adjusting for age did not affect the statistical significance of LUSWE velocity (p <0.0001),
though age was also a significant predictor of ILD (p = 0.01). BMI did not affect LUSWE
prediction of ILD in bivariate modeling in which LUSWE was significant (p <0.0001) and
BMI was not (p = 0.19). Univariate analysis of the other lung zones to predict ILD at 200Hz
found AUCs of 0.92 for right upper anterior, 0.82 for right lower posterior, 0.92 for left
upper anterior, 0.88 for left lower lateral, and 0.76 for left lower posterior. A binary cutoff of
4.53 m/s for the 200Hz probe in the right middle lung zone yielded a sensitivity of 92% and
specificity of 89% for detecting ILD.

Discussion

Early recognition of interstitial lung disease may be desirable for early treatment initiation to
prevent future disability. LUSWE shows promise as an easily-applied and quantifiable
noninvasive measure of lung stiffness. Though there are clear distinctions in visual
assessment of CT, CALIPER analysis of CT and pulmonary function testing for cases versus
controls, a significant number of patients with clinical disease had normal PFTs or minimal
abnormality as detected by CALIPER or visual radiologist assessment. Furthermore, a small
number of normal controls had mild visually-detected ILA but normal quantitative CT
analysis. This discordance suggests that visual or quantitative CT may perform better as
confirmatory rather than screening test. Still, LUSWE velocity correlates with physiologic,
radiologic and quantitative metrics (Figure 4).

While a useful marker to follow disease progression and assess clinical impact,2” pulmonary
function tests are insensitive, particularly in detecting mild or early disease, which we
observed in our cohort as well.28 HRCT is used to characterize ILD, but has higher cost,
involves radiation exposure and often finds incidental abnormalities that may or may not be
of significance.2® As evidenced in our study, healthy controls can also have interstitial lung
abnormalities with unclear clinical significance, raising the question of when these
radiologic findings truly represent disease. Ultrasound is portable and can be applied in a
point-of-care fashion at a fraction of the cost when compared to HRCT. LUSWE correlated
more strongly with overall CALIPER-detected ILA rather than specific sites which may be
due to sampling error.

Quantitative scoring of B lines in lung ultrasound has been proposed as a way to assess and
follow ILD.14:30.31 However, this requires training, can be operator-dependent and numerous
pulmonary processes including atelectasis and edema may mimic the sonographic
appearance of pulmonary fibrosis.3! The application of ultrasound screening using B-lines to
evaluate rheumatoid arthritis-associated ILD showed only a 28% positive rate in cases versus
7% positive rate in healthy controls32. As LUSWE yields quantifiable results — a velocity —
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inter-observer variability is eliminated and an objective threshold-based measure can be used
to optimize the sensitivity and specificity in a screening setting.

LUSWE was less sensitive for discriminating normal from abnormal lung at the apices.
There was actually more ‘normal’ lung as quantitatively assessed in subjects with ILD at the
upper lung zones when compared to healthy controls. This may reflect compensatory
hyperinflation of the upper lung as a reaction to basilar-predominant fibrosis. This makes the
argument that the lower lateral and lower posterior lung zones may be best to assess for the
presence of ILD — supported by our findings. We chose the lower lateral lung zone due to
better discrimination when compared to the other lung zones. Though the lower lung zones
are subject to gravity-dependent atelectasis, our earlier work showed that LUSWE velocity
may be slowed by atelectasis given that velocities were significantly higher at total lung
capacity than at functional residual capacity.18 The right lung was found preferable to the
left to determine diseased lung from healthy control, potentially due to compressive effects
of the mediastinum. A full assessment of the thorax took nearly 30 minutes; however, if we
scale this back to only one lung zone at one velocity, this would come down to
approximately 2 minutes per assessment — easily integrated into a clinic visit.

Connective tissue disease has a high prevalence of ILD, as much as 7% to 50% when
looking at rheumatoid arthritis, Sjogren's syndrome, systemic sclerosis and inflammatory
myopathies.33:34 This high prevalence of disease easily justifies clinical screening and
LUSWE offers a point-of-care noninvasive assessment that deserves further evaluation, both
for its screening potential and for monitoring disease progression. Additionally, BMI did not
appear to affect LUSWE utility, with the maximum BMI included in our study of 42 kg/m? —
though this needs further validation.

With a small number of subjects, we have demonstrated that surface wave velocity increases
with radiologic severity and correlates with quantitatively-assessed ILD. This raises the
potential that assessment of lung stiffness could be longitudinally tracked to monitor
progression of disease or response to therapy. To better determine the optimal threshold
values and define the utility of point-of-care LUSWE for disease monitoring, further
prospective study in a larger cohort of patients with known ILD, patients at risk of ILD,
normal subjects and patients with other diseases such as heart failure, emphysema or other
parenchymal abnormalities over a wide range of ages, BMI and other characteristics is
needed.

Conclusion

Lung ultrasound surface wave elastography is a novel and quantifiable noninvasive test that
reliably detects interstitial lung disease. It has the best operating characteristics when applied
to the lower lateral lung at 200 Hz. Increased LUSWE velocity correlates with radiologic
and physiologic abnormality. Given its predictive ability in detecting ILD, prospective
evaluation of its ability to screen for ILD in at-risk patients and monitor disease progression
is warranted.
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Figurel.

vSu rface wave

Cartoon depicting surface wave elastography. A handheld shaker is held firmly to the skin
surface generating a surface wave that is detectable by an ultrasound probe held 5mm away

to measure velocity in m/s.
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Figure 2.

Distribution histograms for surface wave velocity for (a) ILD cases versus controls in the
right lower lateral lung zone at 200 Hz (b) F\VVC percent predicted for ILD cases versus
controls and (c) percent of CALIPER-detected ILA for ILD cases versus controls.
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Figure 3.

Linear regression analysis shows a weak negative correlation between FVC % predicted and
LUSWE velocity in (A) and a weak positive correlation between CALIPER-detected ILA
and LUSWE velocity (C). Median analysis shows quintiles of LUSWE velocity by clinical
severity score in (B) and by radiologist-assessed CT severity score (D). All velocities were

measured in the right lower lateral lung zone.
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Figure 4.

Case examples of LUSWE velocity and radiologic appearance, quantitative analysis and
clinical severity. Panel A demonstrates a healthy control with a normal CT chest and
quantitatively normal lungs color-coded as green and light green by CALIPER. LUSWE
velocity is substantially slower than diseased subjects at 3.94 m/s. Panel B depicts a subject
with clinically and radiologically mild interstitial lung disease. Note foci of yellow and
orange in the quantitatively analyzed scan depicting zones of interstitial lung abnormalities
involving 35% of the total lung volume. The LUSWE velocity is significantly higher. Panel
C shows a case with both high clinical and visually-assessed severity with diffuse disease
involving 83% of the lung as quantitatively assessed, also demonstrating high LUSWE
velocity.
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Age, BMI and pulmonary function testing presented as mean with standard deviation. CALIPER data

Table 1
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presented as median with interquartile range. Two-tailed T tests and Wilcoxon Rank Sum tests were used to
determine significance. Severity scores compared by chi square.

| Cases(n =77) | Controls (n =19) | P

Age | 62.2 (£ 13.4) | 45.2 (+15.1) | 0.0001
BMI (kg/m?) | 28.7 (£5.9) | 257 (+3.7) | 0.008
Gender 0.39

M 34 (44%) 9 (47%)

F (56%) 10 (53%)
FEV1 % predicted | 73.9% (+ 19.0) | 102.5% (+ 8.7) | <0.0001
FVC % predicted | 72.1% (+ 17.9) | 102.4% (+ 9.6) | <0.0001
FEV1/FVC | 85.2 (+11.4) | 80.5 (£4.9) | 0.008
CALIPER

Normal 51.9% (39.3-63.2) | 93.5% (84.5-98.3) | <0.0001

Ground glass 34.5% (20.9 - 50.7) 0% (0-0) <0.0001

Reticular 8.2% (3.0 - 13.6) 0% (0 -0) <0.0001

Honeycomb 0% (0-0.2) 0% (0-0) 0.001

ILA 45.1% (35.3 - 60.6) 0% (0 -0) <0.0001
Radiologic severity score

0 0 (0%) 16 (84.2%) <0.0001

1 19 (26.8%) 3 (15.8%)

2 35 (49.3%) 0

3 17 (23.9%) 0
Clinical severity score

0 4 (5.2%) 19 (100%) <0.0001

1 15 (19.5%) 0

2 39 (50.7%) 0

3 19 (24.7%) 0
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LUSWE velocities by lung zone in m/s. Data presented by median with interquartile range.P values calculated

by Wilcoxon Rank Sum.

Cases(n=77)

Controls (n = 19)

P

Right upper anterior lung zone
100 Hz
150 Hz
200 Hz

2.83 (2.44 - 3.18)
4.31(3.84-4.67)
5.82 (5.08 — 6.34)

2.37 (2.25-2.74)
3.18 (3.02 - 3.66)
4.40 (3.94-4.74)

0.0004
<0.0001
<0.0001

Right lower lateral lung zone
100 Hz
150 Hz
200 Hz

2.89 (2.51 - 3.07)
4.28 (3.82 - 4.76)
5.84 (5.15 - 6.63)

2.25 (2.16 — 2.50)
3.43 (3.01-3.71)
411 (3.50 - 4.35)

0.0001
<0.0001
<0.0001

Right lower posterior lung zone
100 Hz
150 Hz
200 Hz

2.89 (2.51-3.12)
418 (3.81 - 4.67)
6.02 (5.29 - 7.05)

2.34(2.28 - 2.92)
3.77 (3.48 - 4.00)
4,65 (4.06 — 5.41)

0.015
0.001
<0.0001

L eft upper anterior lung zone
100 Hz
150 Hz
200 Hz

2.77 (2.45 - 3.20)
4.14 (3.74 - 4.72)
5.72 (5.02 - 6.37)

2.38 (2.06 — 2.54)
3.17 (2.71 - 3.55)
3.97 (3.69 - 4.43)

0.0002
<0.0001
<0.0001

L eft lower lateral lung zone
100 Hz
150 Hz
200 Hz

2.90 (2.68 - 3.32)
451 (3.80 - 4.98)
5.96 (5.19 — 7.07)

2.32(2.14-2.71)
3.23(3.01-3.94)
4.27 (4.03 - 4.67)

<0.0001
<0.0001
<0.0001

L eft lower posterior lung zone
100 Hz
150 Hz
200 Hz

2.69 (2.32 - 3.25)
3.96 (3.40 — 4.51)
5.33 (4.67 - 6.15)

2.22 (1.99 - 2.62)
3.29 (3.14 - 3.84)
451 (3.77-5.02)

0.007
0.008
0.0004
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CALIPER characteristics by lung zone. Data presented as percent volume by median with interquartile range.

P values calculated by Wilcoxon Rank Sum.

J Thorac Imaging. Author manuscript; available in PMC 2020 September 01.

Cases (n =54) Controls (n =19) P
Right upper anterior lung zone
% ground glass 0% (0-3.6) 0% (0-0) 0.002
% reticular 0% (0-1.2) 0% (0-0) 0.003
% honeycomb 0% (0-0) 0% (0-0) 0.553
% ILA 0% (0-8.7) 0(0-0) 0.001
% normal 99.9% (87.1-100) | 90.3% (74.2 - 98.9) 0.014
Right lower lateral lung zone
% ground glass 24.9% (5.3 -66.1) 0% (0-0) <0.0001
% reticular 3.1% (0.5 - 10.2) 0% (0 - 0) <0.0001
% honeycomb 0% (0-0) 0% (0-0) 0.04
% ILA 38.3% (9.6 - 81.4) 0% (0-0) <0.0001
% normal 59.9% (18.6 — 87.2) | 99.9% (97.0-100) | <0.0001
Right lower posterior zone
% ground glass 67.7% (34.1-91.8) 0% (0-0) <0.0001
% reticular 9.5% (0.3 - 32.4) 0% (0 - 0) <0.0001
% honeycomb 0% (0-0) 0% (0-0) 0.133
% ILA 97.2% (72.3 - 99.9) 0(0-0) <0.0001
% normal 2.9% (0.1-27.8) | 100% (92.0-100) | <0.0001
L eft upper anterior lung zone
% ground glass 0% (0-4.3) 0% (0-0) 0.001
% reticular 0% (0-3.1) 0% (0-0) 0.001
% honeycomb 0% (0-0) 0% (0-0) 0.298
% ILA 0% (0-17.1) 0% (0 - 0) 0.0009
% normal 95.9% (79.7 - 100) | 85.6% (69.8-95.3) | 0.046
L eft lower lateral lung zone
% ground glass 38.1% (12.5-72.3) 0% (0-0) <0.0001
% reticular 3.0% (1.0-7.0) 0% (0-0) <0.0001
% honeycomb 0% (0-0) 0% (0-0) 0.08
% ILA 62.7% (19.1 - 85.2) 0% (0 - 0) <0.0001
% normal 37.2% (14.7-80.9) | 100% (94.7-100) | <0.0001
L eft lower posterior lung zone
% ground glass 67.1% (33.3-88.4) 0% (0-0) <0.0001
% reticular 12.9% (1.8 - 25.8) 0% (0-0.3) <0.0001
% honeycomb 0% (0-0) 0% (0-0) 0.226
% ILA 96.0 (70.1 — 100) 0(0-0.3) <0.0001
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% normal

Cases (n =54)
4.0% (0-29.4)

Controls (n =19)
99.7% (92.8 — 100)

P
<0.0001
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