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Effect of Reducing Field of View on Multidetector Quantitative
Computed Tomography Parameters of Airway Wall
Thickness in Asthma
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Objective: We reduced the computed tomography (CT)-reconstructed
field of view (FOV), increasing pixel density across airway structures
and reducing partial volume effects, to determine whether this would im-
prove accuracy of airway wall thickness quantification.

Methods: We performed CT imaging on a lung phantom and 29 partici-
pants. Images were reconstructed at 30-, 15-, and 10-cm FOV using a
medium-smooth kernel. Cross-sectional airway dimensions were com-
pared at each FOV with repeated-measures analysis of variance.
Results: Phantom measurements were more accurate when FOV de-
creased from 30 to 15 cm (P < 0.05). Decreasing FOV further to 10 cm
did not significantly improve accuracy. Human airway measurements sim-
ilarly decreased by decreasing FOV (P < 0.001). Percent changes in all
measurements when reducing FOV from 30 to 15 cm were less than 3%.
Conclusions: Airway measurements at 30-cm FOV are near the limits
of CT resolution using a medium-smooth kernel. Reducing reconstructed
FOV would minimally increase sensitivity to detect differences in airway
dimensions.
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P atients with asthma undergo structural airway changes that
include subepithelial fibrosis, smooth muscle hypertrophy, air-
way wall edema, and blood vessel hyperplasia, collectively re-
ferred to as airway remodeling.! ™ These changes lead to airway
wall thickening, are more pronounced in patients with severe
asthma,™>> and are associated with irreversible airflow obstruction.®
Measuring airway wall thickness (WT) metrics with computed
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tomography (CT) can provide noninvasive indices of airway re-
modeling that correlate with lung function, asthma severity, and
histologic measures of airway remodeling.”™

Most CT methods used to quantify airway WT and wall area
(WA) overestimate these measures and underestimate airway lu-
men measurements. ' Although the reasons are multifactorial, this
is in part due to the similar scale of CT image pixel dimension and
airway WT, which leads to partial volume averaging and can be
problematic in measurement of smaller airways.'®'" Reducing
in-plane voxel size by decreasing the reconstructed field of view
(FOV) increases the number of pixels across airway walls and
can potentially decrease the small airway measurement error.'>!3
The aim of our study was to determine whether decreasing
CT-reconstruction FOV, thereby decreasing in-plane voxel size,
would improve the accuracy of airway WT measurement in both
a phantom with artificial airways of known dimensions and in hu-
man subjects with asthma and healthy controls.

METHODS

Participants

This study was approved by the Washington University
School of Medicine institutional review board. We used CT exam-
inations from 29 nonsmoking participants in the Severe Asthma
Research Program (SARP), Asthma and Allergic Disease Coop-
erative Research Centers study, or the Bronchial Thermoplasty
Responder registry (ClinicalTrials.gov No. NCT01185275) at
3 sites: (Washington University in St Louis, MO; Cleveland Clinic
in Cleveland, OH; and University of Wisconsin in Madison, WI).
We performed spirometry before and after administration of an in-
haled bronchodilator according to the American Thoracic Society
guidelines.'* We categorized participants as having severe asthma
if they met the criteria defined by the American Thoracic Society
workshop on refractory asthma (one major and 2 minor criteria),"
as nonsevere (mild or moderate) asthma if they met the criteria de-
fined by the National Asthma Education and Prevention Program
guidelines,'® and as normal if they did not meet the previously
mentioned criteria for asthma and had a negative methacholine
challenge (PC20, or the concentration of inhaled methacholine re-
quired to induce a 20% decline in forced expiratory volume in
1 second (FEV)) of greater than 16 mg/mL).

CT Imaging

Phantom Experiments

We performed CT scans on the COPDGene phantom,'’
which contains polycarbonate tubes of known dimensions embed-
ded in polyurethane foam having attenuation similar to lung tis-
sue, using the same 64-detector row CT systems used for human
subject scanning (GE Healthcare CT 750 [Waukesha, WI] and
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Siemens Sensation64 [Erlangen, Germany]). Computed tomo-
graphic acquisition parameters included 120 kVp, 90 effective
mAs, acquisition FOV of 500 mm, and a pitch of 0.984 (GE) or 1.0
(Siemens). Images were reconstructed using a 512 x 512 matrix
at 30-, 15-, and 10-cm FOVs to achieve in-plane voxel dimensions
of 0.59, 0.29, and 0.20 mm, respectively (Fig. 1). Other recon-
struction parameters included a medium-smooth reconstruction
algorithm (GE “Standard” and Siemens “B35f”) and contiguous
0.625 mm (GE) or 0.6 mm (Siemens) thick sections. Medium-
smooth reconstruction algorithms were chosen as they are used in
other studies of airway disease including SARP, COPDGene, and
Subpopulations and Intermediate Outcome Measures in COPD.

Human Subjects

Human subjects received a chest CT scan at full inspiration
after maximal bronchodilation with albuterol (540—-720 pg). Com-
puted tomographic acquisition parameters included 120 kVp, 75
to 195 effective mAs, and pitch of 0.65 to 1. Images were recon-
structed at a 30-cm FOV that included both sides of the lungs,
and then at both a 15- and 10-cm FOV for the right and left sides
of the lung separately. Reconstruction thickness, interval, and ker-
nel were identical to the phantom scans.

Measurement of Airway Wall Parameters

All human and phantom airway measurements were per-
formed on a personal computer workstation using Airway Inspector

2| www.jcat.org

v2.8 (Surgical Planning Laboratory at Brigham and Women's
Hospital, Boston, MA), an image analysis program that performs
automated measurements of specific airways after manually de-
positing the cursor in the airway lumen. We performed all human
and phantom airway measurements using phase-congruency (PC)
edge detection.'® In addition, we measured all phantom airways
using the full-width half~-maximum (FWHM) method to estimate
the relative effects of FOV on airway measurements of'the 2 differ-
ent algorithms.'® In the phantom, we measured 3 artificial airways
of differing size and WT oriented perpendicular to the scan plane
on 20 adjacent images at the same slice positions for each FOV,
and reported the mean for each airway metric at each FOV. Actual
phantom airway dimensions are listed in Table 1.

In CT images for human subjects, we measured segmental
and smaller airways along the following paths: right upper lobe,
apical segment; right lower lobe, posterior basilar segment; left
upper lobe, apicoposterior segment; and left lower lobe, posterior
basilar segment. We chose these paths because of their relatively
perpendicular orientation relative to the transverse plane. We mea-
sured airways in cross section on transverse CT images, obtaining
a single measurement approximately halfway between each pair
of contiguous branch points beyond the lobar bronchi. We se-
lected all airways for measurement at a 30-cm FOV and then
performed measurements at the identical slice positions for the
15- and 10-cm FOV. Thus, we ensured that the image thickness
and position of each measured airway cross section were identical
at each FOV and that only the FOV varied. We excluded airways

FIGURE 1. A representative airway (RB10) from the CT scan of a human sub]ect at 30-cm (A), 15-cm (B), and 10-cm (C) FOV. D, A
representative airway measurement using Airway Inspector.
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Field of View and Accuracy of CT Airway Measures

TABLE 1. True Phantom Airway Dimensions

Airway 1 Airway 2 Airway 3
ID, mm 3 6 6
WT, mm 0.6 0.9 1.5
WA, mm? 6.786 19.509 35.342
WA%* 48.98 40.83 55.56

*WA% is dimensionless and calculated as follows: WA/total area x 100.

from the analysis if the ratio of long to short axis of an ellipse con-
tour fitting the lumen was greater than 2 or if the airway was not
measurable on all 3 FOVs.

Cross-sectional airway metrics included internal perimeter
(Pi), mean WT, mean WA, WA percent (WA%) (100 x WA/total
area), and airway inner diameter (ID). We defined Pil0 as the
square root of the WA of a hypothetical airway with Pi of
10 mm and determined this metric by calculating a regression line
for the relationship between the square root of WA and the Pi from
all airway measurements in each subject FOV.2® We defined large
airways as those with an ID greater than or equal to 3 mm and
small airways as those with an ID less than 3 mm when measured
at a 30-cm FOV. Two readers performed airway measurements on
a separate portion of the reconstructed human scans, while a sin-
gle reader performed phantom airway measurements. Both
readers analyzed an overlapping sample of 10 randomly chosen
human CT scans at 15-cm FOV, and Pi10 values were compared
to assess interobserver agreement.

Statistical Methods

We analyzed all data using SAS software version 9.3 (SAS
Institute, Cary, NC). We assessed interobserver agreement with
intraclass correlation of Pi10 measurements. We compared clinical
features among asthma severity groups with a 1-way analysis of
variance (ANOVA) for continuous measures and Fisher exact test
for categorical measures. Comparisons among FOV for CT airway

metrics (WT, WA, WA%, Pi10) were performed using a mixed-
model repeated-measures ANOVA. Analyses of the phantom data
were performed using repeated-measures ANOVA. We performed
all pairwise comparisons using Tukey correction for post hoc
comparisons. Percent differences between measurements at 30-
and 15-cm FOV were calculated by subtracting the 15-cm FOV
measurement from the 30-cm FOV measurement, dividing the
result by the 30-cm FOV measurement, and multiplying by 100.
The percent differences between measurements at 30 and 15 cm
were compared using the Wilcoxon signed rank test. Percent dif-
ferences between mean PC and mean FWHM measurements were
calculated by subtracting the mean PC measurement from the
mean FWHM measurement, dividing the result by the mean
PC measurement and multiplying by 100. We measured the asso-
ciation between CT airway metrics and lung function using the
Pearson correlation coefficient.

RESULTS

Phantom Airway Measurements

With the PC algorithm, ID increased minimally in magnitude
to become more accurate with only the largest airway as FOV de-
creased from 30 to 15 cm (P < 0.0001; Table 2). Airway thickness
and area measurements (WT, WA, WA%) decreased in magnitude
in all artificial airways as FOV decreased from 30 to 15 cm
(P < 0.05), with the exception of WT in airway 3, which was in-
creasingly underestimated with the PC algorithm as FOV de-
creased. Decreasing FOV from 15 to 10 cm did not significantly
change measurements of ID or airway thickness/area measure-
ments. Differences in airway thickness/area measurements by
FOV were greatest in airways 1 and 2. Airway 1 measurements
were 0.7% to 2.0% smaller, and airway 2 measurements were
1.1% to 2.1% smaller at a 15-cm FOV compared with a 30-cm
FOV, depending on the parameter, whereas airway 3 measurements
were 0.6% to 0.7% smaller at 15-cm FOV compared with 30-cm
FOV. Wall area percent measurements had the least variability as

TABLE 2. Phantom Airway Measurements with PC at Different FOVs

FOV P
10cmvs. 15cmvs. 10 cmvs.
Airway Airway Metric 30 cm 15 cm 10 cm ANOVA* 30 cm¥ 30 cm¥ 15 emf
13 ID, mm 2.232 +£0.043 2.246 + 0.039 2.255+0.037 0.0908 N/A N/A N/A
WT, mm 1.195+£0.014 1.174 £ 0.015 1.174 £ 0.014 <0.0001 <0.0001 <0.0001 0.7277
WA, mm? 12.860 £ 0.123 12.609 + 0.139 12.604 + 0.124 <0.0001  <0.0001 <0.0001 0.9812
WA%S§ 76.608 +0.701 76.078 £ 0.701 75.936 +0.659 0.0014 0.0018 0.0146 0.6411
2 ID, mm 5.730 £ 0.024 5.732 £ 0.013 5.732 +£0.013 0.8505 N/A N/A N/A
WT, mm 1.138 £ 0.004 1.117 + 0.005 1.116 + 0.005 <0.0001  <0.0001 <0.0001 0.7790
WA, mm? 24.535 £ 0.119 24.022 £0.110 24.003 £0.110 <0.0001  <0.0001 <0.0001 0.7630
WA%S§ 48.758 £ 0.185 48.217 £ 0.169 48.199 £ 0.155 <0.0001 <0.0001 <0.0001 0.8861
3 ID, mm 6.140 + 0.021 6.162 £ 0.013 6.162 +0.013 <0.0001  <0.0001 <0.0001 0.9991
WT, mm 1.296 + 0.009 1.287 £ 0.007 1.286 £ 0.007 <0.0001  <0.0001 <0.0001 0.8977
WA, mm? 30.227 £ 0.261 30.105+0.214 30.080 + 0.203 0.0029 0.0045 0.0141 0.9042
WA%S§ 50.554 +0.209 50.242 +0.143 50.223 £ 0.155 <0.0001  <0.0001 <0.0001 0.9200

*Overall test of differences among FOV levels from repeated-measures ANOVA.

tTukey-adjusted pairwise comparison.

fAirway 1 includes measurements from only 18 images due to errors in obtaining PC measurements on 2 noncontiguous images.

§WA% is dimensionless and calculated as follows: WA/total area x 100.

N/A, not applicable.
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FOV decreased from 30 to 15 cm (airway 1, 0.7%; airway 2, 1.1%;
airway 3, 0.6%).

The same patterns in artificial airway measurements were
found using the FWHM method for edge detection, except that
ID increased in magnitude and became more accurate for all 3 air-
ways as FOV decreased from 30 to 15 cm, and WT was over-
estimated but decreased in magnitude and became more
accurate as FOV decreased for airway 3 as well as the other air-
ways (P < 0.01; Supplemental Table 1, http://links.lww.com/RCT/
A36). In all 3 airways and at all 3 FOVs, PC measurements
showed a larger ID and smaller thickness/area metrics compared
with the equivalent FWHM measurement (P < 0.0001). Differ-
ences in ID measurements between the PC and FWHM edge
detection methods were greater in airway 1 (12.1%-13.2%, de-
pending on FOV) than in airways 2 and 3 (6.3%—8.6%). Differ-
ences in thickness/area metrics between PC and FWHM were
greatest with the largest airway and decreased with airway size
(airway 3, 25.1%40.5%; airway 2, 20.9%31.6%; airway 1,
11.0%-30.6%, depending on FOV and metric; Supplemental
Table 2, http:/links.lww.com/RCT/A36).

Comparisons of measurements obtained with the Siemens
and GE scanners revealed differences in the thickness-related
measures and ID for the smallest airway, phantom airway 1, of
around 12%. In the larger airways, these measures differed by only
approximately 2% on average. Differences by FOV for the GE
scanner showed the same patterns as with the Siemens scanner.

Human Airway Measurements

The cohort consisted of 13 healthy participants, 7 participants
with nonsevere asthma, and 9 participants with severe asthma.

The groups differed in age, race, and FEV, (Table 3). Intraclass
correlation between the 2 readers was 0.87 for Pil0 measurements
in the random sample of 10 cases measured by both readers at
15-cm FOV. A total of 942 airways were measureable at all 3 FOVs,
ranging from 15 to 63 per participant (median, 31; interquartile
range, 26.5-34.75).

Airway thickness/area measurements became smaller and ID
increased in magnitude as the FOV was decreased from 30 to
15 cm (Table 4). Repeated-measures ANOVA showed that all CT
measurements differed significantly among all FOVs (P < 0.0001).
Pairwise comparisons for ID showed statistically significant but
very small differences between 30- and 15-cm FOV (2.2% larger
at 15 cm, P < 0.001) but not between 15 and 10 cm (0.3%,
P =0.22). Pairwise comparisons for thickness/area measurements
also showed statistically significant but very small differences
between 30 and 15-cm FOV (1.1%-2.0% smaller at 15 cm,
P <0.0001). Differences between 15 and 10-cm FOV were statis-
tically significant but were up to more than 10 times smaller
(0.3%—0.7% smaller at 10 cm, P < 0.05).

Correlations between postbronchodilator FEV,% and
WA% at the 3 FOVs were strong (30 cm: r = —0.678; 95%
confidence interval [CI], —0.837 to —0.415; 15 cm: » = —0.710;
95% CI, —0.854 to —0.465; 10 cm: r = —0.715; 95% CI, —0.857
to —0.473) but were not statistically different at different FOVs
(P>0.05).

Effect of Airway Size

Airway thickness/area metrics were significantly different
among the FOVs for both large airways (23 mm ID) and small
airways (<3 mm ID), with the exception of WA% in large

TABLE 3. Baseline Demographics

Nonsevere Severe Asthma All Groups
Variable Normal (n =13) Asthma (n =7) n=9) n=29) P*
Age at 249+6.8 30.4 +14.8 459176 32.7+13.0 <0.0017
Enrollment, y
BMI, kg/m? 264 £6.0 27.0£5.0 31.3+58 280+£59 0.14
Duration of N/A 182+ 142 22.1+15.6 204 +£152 0.63
Asthma, y
Race
White, % (n) 46.2 (6) 100.0 (7) 77.8 (7) 69.0 (20) 0.13
Black, % (n) 38.5(5) 0 222 (2) 24.1(7)
Other, % (n) 15.4(2) 0 0 6.9 (2)
Sex
Male, % (n) 61.5(8) 71.4(5) 66.7 (6) 65.5(19) 1.00
Female, % (n) 38.5(5) 28.6 (2) 333(3) 34.5(10)
FEV,,L
(% predicted)
Pre-BD 3.97 £ 0.66 4.17+1.04 220+0.57 347+1.13 <0.001%
(102.6 £9.4) (99.9 +12.3) (64.5+17.1) (90.1 £21.4) (<0.0018)
Post-BD 4.15+£0.71 457 £1.06 243 +£0.63 371+1.17 <0.0019
(106.5£9.9) (109.3 £11.0) (71.2 £ 18.0) (96.2 £21.3) (<0.001 ||)

*Comparison among all groups using ANOVA for continuous measures or Fisher exact test for categorical measures.

TUncorrected pairwise comparisons: nonsevere vs. normal, P = 0.22; severe vs. normal, P < 0.0001; nonsevere vs. severe, P = 0.003.

tPairwise comparison using Tukey correction: nonsevere vs. normal, P = 0.84; severe vs. normal, P < 0.0001; nonsevere vs. severe, P < 0.001.
§Pairwise comparison using Tukey correction: nonsevere vs. normal, P = 0.89; severe vs. normal, P < 0.0001; nonsevere vs. severe, P < 0.001.

{[Pairwise comparison using Tukey correction: nonsevere vs. normal, P = 0.49; severe vs. normal, P < 0.0001; nonsevere vs. severe, P < 0.001.
|[Pairwise comparison using Tukey correction: nonsevere vs. normal, P = 0.89; severe vs. normal, P < 0.0001; nonsevere vs. severe, P < 0.001.

N/A, not applicable.
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TABLE 4. Human CT Airway Measurements at Different FOVs

FOV P
Airway Metric 30 cm 15 cm 10 cm ANOVA* 10 cmvs. 30 cmt 15 cm vs. 30 cmt 10 cm vs. 15 cmf
WT, mm 1.319+£0.132 1293 +0.142 1.285+0.143 <0.0001 <0.0001 <0.0001 0.01
WA, mm? 18.587 £4.154 18.375+4.246 18.249+4.249 <0.0001 <0.0001 0.0001 0.03
WA%] 72.679 £3.624 71.799 £3.647 71.584 +£3.663 <0.0001 <0.0001 <0.0001 0.04
Pil0, mm 4368 £0271 4310+0.290 4.292+0.290 <0.0001 <0.0001 <0.0001 0.03
ID, mm 2.891 £0.500 2.956+0.493 2966 +0.495 <0.0001 <0.0001 <0.0001 0.22

*Qverall test of 10-cm FOV vs. 15-cm FOV vs. 30-cm FOV.
FPairwise comparison using Tukey correction.
$WA% is dimensionless and calculated as follows: WA/total area x 100.

airways (Table 5; P < 0.001-0.003). There was no significant
difference between ID measurements at 30- and 15-cm FOV
when examining only large or only small airways. In pairwise
comparisons between 30- and 15-cm FOV, differences were signif-
icant (P < 0.05) for all thickness/area metrics for both small and
large airways, other than WA% for large airways. There were no
significant differences between measurements at 15- and 10-cm
FOV when examining large and small airways separately. The
magnitudes of the differences between 30- and 15-cm FOV were
very small in both large and small airways. Percent change in
WA% when reducing FOV from 30 to 15 cm was greater in small
airways compared with large airways, in which there was minimal
change (small: 1.05%, large: —0.003%; P = 0.001). This pattern
was seen for WT as well but did not meet statistical significance
(small: 2.61%, large: 1.97%; P = 0.06). There was no significant
difference in percent changes in WA or Pil0 between large and
small airways when reducing FOV to 15 cm (P > 0.05).

DISCUSSION

We found that reducing in-plane voxel size through the use of
a reduced FOV yielded statistically smaller and more accurate
measures of airway wall dimensions in phantom artificial airways.
We also observed these same patterns with reduced FOV in human

subjects. Measurements of ID did not reliably improve with a re-
duced FOV in the phantom but were more accurate over the larger
range of airway sizes occurring in human subjects. These gains in
accuracy are small in magnitude, which limits the clinical signifi-
cance of a reduced reconstruction FOV.

Previous studies of phantom airways have used other recon-
struction algorithms and found different degrees of improvement
in airway wall measurement accuracy. Algorithms with a higher
frequency modulation transfer function (sharper kernels) have
the potential to provide greater spatial resolution, but they also
produce an increase in image noise which can affect segmentation
performance.21 Indeed, Takahashi et al?? found a decrease in mea-
surement error of 17% when FOV was reduced from 30 to 15 cm
with the “bone” reconstruction algorithm in a phantom airway
with WT of 1 mm, which was substantially greater than what we
observed. Similarly, Oguma et al*®> found reductions in measure-
ment error of 5% to 10% with a lung reconstruction algorithm
or equivalent, depending on the specific scanner used. Both of
these reconstruction algorithms are “sharper” than the reconstruc-
tion kernels used in our study, which were chosen because they are
the same or similar to those used in ongoing multicenter SARP,
COPDGene, and Subpopulations and Intermediate Outcome
Measures in COPD studies. In addition, the more pronounced dif-
ference between the 2 scanners used in our study in measures of

TABLE 5. Airway Measurements by FOV and Airway Size

Mean Value + SD P
Airway Airway 10 cm vs. 1Scmvs. 10 cmvs.
Metric Size 30-cm FOV 15-cm FOV 10-cm FOV ANOVA* 30 cm¥ 30 cm¥ 15 emt
WT, mm Large 1.425 +0.161 1.398 £ 0. 0.176 1.396 +£0.186 <0.0001 <0.0001 <0.0001 0.8930
Small 1.260 £0.113 1.229 £0.125 1.219 £0.125 <0.0001 <0.0001 <0.0001 0.0374
WA, mm> Large 25.873 £4.497 25.139 +£4.724 25.150 £ 5.007 0.0001 0.0007 0.0006 0.9978
Small 14.181 £2.510 13.815 +2.590 13.600 + 2.644 <0.0001 <0.0001 0.0024 0.1042
WA%1 Large 64.047 £ 3.611 64.043 + 3.648 63.888 +£3.826 0.5392 N/A N/A N/A
Small 77.708 +£2.014 76.891 £2.119 76.800 + 2.134 <0.0001 <0.0001 <0.0001 0.8175
Pil0, mm Large 4399 +0.333 4.348 £ 0.355 4.328 +0.387 0.0026 0.0023 0.0382 0.5658
Small 4.538 £0.281 4449 £ 0312 4.437 £ 0.309 <0.0001 <0.0001 <0.0001 0.7864
ID, mm Large 4.115+£0.363 4.125+0.328 4.128 +0.357 0.8115 N/A N/A N/A
Small 2.151 £0.224 2.162 £0.196 2.167 £0.210 0.5768 N/A N/A N/A

*Overall test of 10-cm FOV vs. 15-cm FOV vs. 30-cm FOV at specified airway size (large or small).

FPairwise comparison using Tukey correction at specified airway size (large or small).
1WA% is dimensionless and calculated as follows: WA/total area x 100.
N/A indicates not applicable.
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the smallest phantom airway most likely reflects the slightly greater
“sharpness” of the GE Standard compared with the Siemens B35f
kernel, increasing the resolvability of smaller structures, as the
Siemens B43f kernel may be a closer correlate of GE Standard
kernel measurements.>*

To our knowledge, no studies have explored the effect of re-
duced FOV on airway wall measurements in humans. The exact
airway wall dimensions in a living human subject are unknown.
However, with the exception of WT in the largest phantom airway,
we found that the changes in wall and luminal measures observed
in healthy and asthma participants were similar in direction and
magnitude to those found in the phantom. Therefore, it is likely
that in humans, measurements obtained at a smaller FOV and in-
plane voxel size provide a real though only marginally more accu-
rate assessment of airway dimensions. This suggests that with a
medium-smooth reconstruction kernel on current CT systems,
the measurement accuracy of a standard FOV that fully encom-
passes both sides of the lungs is nearly optimized for segmental
and subsegmental bronchi.

The greater improvements in accuracy of airway measure-
ments found by previous phantom studies that used sharper image
reconstruction kernels suggests that sharper kernels may be
needed to fully obtain the benefits to spatial resolution of a re-
duced FOV in human airways. This may be important in small air-
ways, where partial volume effects are greatest'®'> and which are
relevant to airflow obstruction in chronic obstructive pulmonary
disease®® and to the pathogenesis of asthma.?® We found that
WA% was essentially the same in large airways but decreased in
magnitude in small airways when reducing FOV from 30 to
15 cm, suggesting that small airways may benefit more from the
small improvement in accuracy when reducing FOV. The lack of
further accuracy improvement at a 10-cm FOV compared with a
15-cm FOV suggests that a 15-cm FOV is approaching the limits
of CT resolution with medium-smooth image reconstruction, al-
though further improvements may occur at 10 cm with sharp
image reconstruction (Rodriguez et al,>’ presented at the 2012 Ra-
diological Society of North America Scientific Assembly and An-
nual Meeting).

Our results also likely depend in part on the image analysis
algorithms used. Similar to previous findings from Estepar et al,>3
we found that PC is preferable to FWHM as an edge detection al-
gorithm for smaller airways due to superior accuracy and fewer er-
rors in segmentation of human airways, particularly when a blood
vessel abuts a portion of the airway wall. Moreover, FWHM is
overly sensitive to the maximum attenuation of the wall, which be-
comes ambiguous for smaller airways.'® Achenbach et al'* found
that decreasing voxel size by increasing matrix size from 5122 to
10247 reduced error in tube thickness measurements using the
FWHM method, but did not affect error when using a more accu-
rate integral-based method. Similarly, Saba et al'? showed that a
15-cm FOV produced more accurate measurements than either
25- or 35-cm FOV in phantom measurements of tube radius using
both the FWHM method and a custom model-based method, with
greater error reductions with the custom method. The previously-
noted results of Takahashi et al*? were obtained using a watershed
segmentation algorithm. Dedicated matching of reconstruction
kernel and image analysis algorithm may be needed to achieve
optimal results.

There was no significant improvement in correlation between
WA% and lung function as FOV was reduced in our study. Because
this correlation seemed to trend higher with progressive decrease
in FOV, statistical power to detect a difference may have been lim-
ited by the sample size, but based on our data, any such effect is
likely to be small. However, although the minimal improvement
in the airway measurement accuracy with reduced FOV is of
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doubtful clinical significance, it may be meaningful in studies
with repeated measures of airway remodeling. Haldar et al®’
found that WA/body surface area decreased by only 1.1 mm*/m?
after administration of mepolizumab in severe refractory asthma.
We showed that reducing CT-reconstruction FOV from 30 to
15 cm decreased measurement of raw WA by 0.22 mmz, an im-
provement in accuracy that could have important implications
for studies using changes in within-participant CT airway metrics
as clinical end points.

Although reducing FOV improved accuracy in general for
large phantom airways, we found that WT was underestimated
by PC in the largest phantom airway, and reducing FOV minimally
increased this underestimation. The measurements obtained with
the PC method are partly a function of the “resolution” setting
within the Airway Inspector program, which was held constant
for all artificial airways. Increasing the resolution settings pro-
duced increased WT measurements for all artificial airways (data
not shown) and may be more appropriate for airways similar in
size to the largest phantom airway. There were very few human
airways of the same caliber as the largest phantom airway, sug-
gesting that this phenomenon did not have a great impact on our
human airway data. However, the ideal methodology for measure-
ment of larger airways with PC needs further investigation.

There are a few limitations with our study. Restriction of
image analysis to the transverse plane limited the improvement
in partial volume effects which might have been afforded by de-
creasing the in plane voxel size when airways were not exactly
perpendicular to the reconstructed plane. Although we did not
evaluate the effect of scanner type on human airway measure-
ments, our phantom data suggest that consistency of scanner type
and kernel is important for making reliable comparisons. How-
ever, this does not impact the human airway data in our study
due to the paired nature of the comparisons on multiple FOV re-
constructions within each acquisition. Finally, the study results de-
pend, in part, on the inherent resolution of the specific scanners
used and could be different with other scanner models. As scanner
resolution improves, it is expected that a reduced FOV will further
aid in the extraction of more accurate measures of airway mea-
surements, especially in more peripheral airway segments. In addi-
tion, we expect that greater improvement can be realized with
current scanners by use of higher-resolution reconstruction kernels.
Larger matrix sizes implemented in certain CT scanners also
effectively decrease voxel size and theoretically offer the same
benefits as reducing FOV.

In conclusion, we demonstrate that in both a phantom model
and human subjects, the reduction of voxel size through a reduc-
tion of FOV to 15 cm improves accuracy of the measurement of
CT measures of airway WT. However, the observed differences
were very small using current CT scanner technology with kernels
typical of current clinical trial protocols. Studies of CT airway re-
modeling in obstructive lung disease, particularly those with com-
parative or longitudinal outcomes, should consider whether the
small expected gain in accuracy afforded by reducing FOV with
medium-smooth kernels is of potential benefit. Future studies
are necessary to evaluate the role of sharper reconstruction kernels
in maximizing the accuracy gained when CT-reconstruction FOV
is reduced.
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