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Objective: The absence of collateral ventilation (CV) is crucial for effective bronchoscopic lung volume reduction (BLVR) with
an endobronchial valve. Here, we assessed whether CT can predict the Chartis™ results.

Materials and Methods: This study included 69 patients (mean age: 70.9 + 6.6 years; 66 [95.7%] males) who had undergone
CT to assess BLVR eligibility. The Chartis™ system (Pulmonox Inc.) was used to check CV. Experienced thoracic radiologists
independently determined the completeness of fissures on volumetric CT images.

Results: The comparison between the visual and quantitative analyses revealed that 5% defect criterion showed good
agreement. The Chartis™ assessment was performed for 129 lobes; 11 (19.6%) of 56 lobes with complete fissures on CT showed
positive CV, while this rate was significantly higher (40 of 49 lobes, i.e., 81.6%) for lobes with incomplete fissures. The size
of the fissure defect did not affect the rate of CV. Of the patients who underwent BLVR, 22 of 24 patients (91.7%) with complete
fissures and three of four patients with incomplete fissures (75%) achieved target lobe volume reduction (TLVR).
Conclusion: The quantitative analysis of fissure shows that incomplete fissures increased the probability of CV on Chartis™,
while the defect size did not affect the overall rates. TLVR could be achieved even in some patients with relatively large fissure
defect, if they showed negative CV on Chartis™.
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INTRODUCTION shown beneficial effects in clinical trials (3, 4). However,
since bronchodilators act mainly on the airways rather
Chronic obstructive pulmonary disease (COPD) is a major than on the lung parenchyma, they are less effective
global health problem, with a prevalence 5-25% in adults, in emphysema, which is characterized by parenchymal
and the fourth leading cause of death worldwide (1, 2). destruction and hyperinflation (5). Other treatments for
COPD treatment is based on bronchodilators, which have COPD include smoking cessation, pulmonary rehabilitation,
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and long-term oxygen therapy. However, the positive effect
of these treatments on lung function is limited.

Bronchoscopic lung volume reduction (BLVR) was
developed to treat hyperinflation in advanced emphysema
(6-8). It can improve lung function and exercise capacity
in selected patients (9-12), as well as ventilation perfusion
mismatch (13). The Zephyr Endobronchial Valve (Pulmonx
Inc., Redwood City, CA, USA) is the most extensively studied
BLVR method. For a good clinical response to BLVR with an
endobronchial valve (EBV), target lobe volume reduction
(TLVR) is crucial (14). To achieve TLVR, it is important to
ensure that there is no collateral ventilation (CV) between
the target lobe and other lobes. Two methods, computed
tomography (CT) and the Chartis™ system (Pulmonx Inc.),
have been used to predict the presence of CV (15). CT
can predict CV with high sensitivity, but its specificity is
relatively low (44%) (16). TLVR (volume reduction of the
target lobe by > 50%) has been achieved in only 32.5%
of patients with complete fissure on CT (14). The Chartis™
system enables the relatively precise detection of CV; in
70.6% of patients who lacked CV as defined by the Chartis™
system, TLVR has been achieved (9). For this reason, the
Chartis™ system is generally recommended to be applied
before EBV implantation (17).

The main limitation of Chartis™ system is that
bronchoscopy is inevitable for the Chartis™ system to
be used; it prolongs the total procedure time and it can
increase additional risk by inducing hypoxemia in some
patients with severe emphysema. In about 15% of patients,
the system does not clarify the presence of CV because of
blockage of the catheter by secretions, apposition of the
catheter against the airway wall, or anatomical factors (18,
19). In addition, the Chartis™ system may be an economic
burden to patients, and some patients cannot undergo BLVR
even after the Chartis™ assessment if definite CV is present.
Since CT is a usual evaluation process for BLVR, substituting
the Chartis™ with a CT assessment at least in a number of
patients can shorten the procedure time.

Previous studies showed that CT evaluation for incomplete
fissures shows good correlation with the predictions of
the Chartis™ system (16, 20, 21). However, these studies
used various definitions of incomplete fissures and did
not perform quantitative analyses. In this study, we
quantitatively assessed measurements of fissures and fissure
defects. We assessed how well the extent of fissure integrity
can be evaluated on (T, and analyzed whether the results
can be applied to predict the results of the Chartis™ system
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or TLVR outcomes after BLVR.

MATERIALS AND METHODS

Participants

Of all patients with advanced emphysema referred to
our tertiary care referral hospital between July 2012 and
December 2013 who did not respond to the usual COPD
treatment and were considered for BLVR, we retrospectively
reviewed all patients who underwent CT to evaluate their
eligibility for BLVR. Their fissure integrity evaluation results
from CT, their Chartis® System assessment, and the results of
EBV insertions were assessed. BLVR was recommended if the
following criteria, suggested by previous studies were met
(6, 22): age of 40 years or older, diagnosis of heterogeneous
emphysema, forced expiratory volume in one second (FEV,)
of 15% to 50% of the predicted value, total lung capacity of
more than 100% of the predicted value, and residual volume
of more than 150% of the predicted value. The exclusion
criteria included a diffusing capacity corrected for alveolar
volume of less than 20% of the predicted value, the presence
of giant bullae (> 3 cm in diameter) on the ipsilateral side
of the target lobe, excessive sputum production, severe
pulmonary hypertension, and an unstable cardiac condition.
This study was approved by the Institutional Review Board
of institution.

Study Design and BLVR

Before the BLVR procedure, the patients received the
maximal medical therapy for at least 3 months, including
pharmacological and non-pharmacological treatments, as
presented in the Global Initiative for Chronic Obstructive
Lung Disease guidelines (1). After providing informed
consent, patients underwent pulmonary function tests, the
6-minute walking distance test, and chest CT. A Zephyr®
Endobronchial Valve was placed via a flexible bronchoscope
under conscious sedation, as described previously (6, 10,
22). Before placing the EBVs, the Chartis™ system was used
to test for CV of several candidate lobes (9). CV was deemed
negative when the air flow declined gradually over time
after occlusion of the target lobe airway with a balloon
catheter and inspiratory pressure became maximized.
However, if persistent airflow was observed after occlusion
for more than 5 minutes, CV was defined as positive (23,
24), and we had not inserted EBV in these cases (12). One
experienced bronchoscopist (bronchoscopy experience of 12
years, EBV insertion for more than 30 cases) performed the
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whole procedure. To ensure the Chartis™ results, the other
parts of target lobe (e.g., bronchus intermedius for right
upper lobe [RUL]) were also measured, if necessary.

CT Protocol

Patients underwent chest CT using the SOMATOM Defintion
Flash CT system (Siemens Healthineers, Forchheim,
Germany) before BLVR. We used 1-mm thickness axial/
sagittal CT images of the entire thorax with full inspiration
to evaluate fissure completeness (512 x 512 matrix; 64 x 0.6
mm collimation; 89/210 effective mAs at Sn140/80 kV; 0.55
pitch; 0.28 second rotation time). If BLVR was performed,
patients underwent chest CTs following the same protocol.

Visual Analysis of Fissures

Four experienced thoracic radiologists independently
determined the fissure completeness. To match the results
to the Chartis™ test results, a right major fissure was
subdivided into upper and lower portions at the contact
point of the minor fissure, and four fissures (upper portion
of right major fissure, lower portion of right major fissure,
right minor fissure, and left major fissure) were entered into

A

Fig. 1. Semi-automatic lobe segmentation and fissure assessment.

Lee et al.

the analysis. Fissure completeness was defined using two
kinds of criteria: 1) no fissure discontinuity, if there was
a disagreement, completeness was determined by a third
experienced radiologist or 2) < 10% fissure discontinuity
using both axial and sagittal CT images.

Quantitative Fissure Analysis

In cases of incomplete fissures, two readers measured the
maximal defect sizes on both axial and sagittal planes and
calculated an approximate defect area (axial defect size x
sagittal defect size x 3.14/4, mm?). The final defect size
estimation was calculated as the mean value of the results.
The lobes were semi-automatically segmented by a radiology
technician under the supervision of a radiologist. After
segmentation of each lobe, the fissure areas were measured
based on the borders of each lobe (Fig. 1). We calculated
the percentage area of the fissure defect on each fissure.
Interpretation of fissure completeness by readers was
determined using different criteria (5%, 10%, and 15%).

Definition of Target Volume Reduction
Using the results of the lobe segmentation before and

A. Axial CT image with semi-automatic lobe segmentation result of left lung (green: left upper lobe, yellow: left lower lobe). B, C. Three-
dimensional volume rendering image of left lung (green: left upper lobe, yellow: left lower lobe, red: left major fissure).
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after BLVR, each lobe volume was calculated. Target volume
reduction was defined as 1) > 350 mL or 2) 50% of the
initial volume of the target lobes.

Statistical Analysis

To calculate interobserver variability, the agreement
between decisions and measurements by two readers
was assessed using kappa statistics and an interclass
correlation coefficient (ICC) according to the following
variables: axial and sagittal defect size (mm), axial defect
area (mm°), and fissure completeness, for each of the
two readers. For comparison between visual completeness
using the 10% defect criterion and quantitative results
of fissure completeness, kappa statistics were used. The
fissure completeness of each patient was compared with
the presence of CV, assessed by the Chartis™ test in 71
lobes. P value of less than 0.05 was considered statistically
significant.

RESULTS

Baseline Characteristics

A total of 69 patients with emphysema met the eligibility
criteria and underwent examinations including CT scans
to determine if they were appropriate candidates for BLVR
(group 1). After excluding 19 patients who were judged as
inappropriate for BLVR, 50 patients underwent bronchoscopy
for BLVR accompanied by the Chartis™ procedure (group

69 underwent CT
(group 1)
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2). Of these patients, 15 were excluded from EBV insertion.
Finally, 35 patients underwent BLVR with EBV insertion
(group 3) (Fig. 2).

The demographic characteristics of the three groups
were similar; the mean age was 71 years, more than 90%
of patients were male, and the mean body mass index
was below 20 kg/m’ in all groups. All patients had a
history of smoking. Most of them were using long-acting
bronchodilators and inhaled corticosteroids. All had poor
pulmonary function, with an FEV, of 0.79 + 0.38 L in group 1,
0.76 + 0.28 L in group 2, and 0.74 + 0.29 L in group 3.
Mean residual volumes were above 190% of the predicted
value in all groups (Table 1).

Evaluation of Fissure Completeness Extent on CT

A total of 276 fissures in 69 patients were evaluated.
Mean fissure areas were 94.9 + 24.4 cm” in right minor
fissure, 183.6 + 59.9 cm’ in right major fissure and 180.2
+ 48.7 cm” in left major fissure. Fissure completeness
using 0% defect criterion showed good agreement between
the two readers (kappa value of 0.786) (Table 2). Fissure
completeness assessment of each reader showed very
good agreement with final completeness decision (kappa
values of 0.880 and 0.910). Fissure completeness using
10% defect criterion also showed good agreement between
readers (kappa value of 0.759) (Table 2). In total, 118
fissures (24 right upper major fissures, 24 right lower major
fissures, 32 right minor fissures and 38 left major fissures)

4

50 underwent bronchoscopy with Chartis™ test
(group 2)

19 excluded for BLVR after CT
6 inappropriate in other functional tests
5 homogeneous emphysema
4 bullae > 3 cm
3 incidental tumor on CT
1 refuse procedure

Y

4

15 excluded for BLVR after Chartis
12 positive CV
2 indeterminate Chartis results
1 other

35 had EBV insertion
(group 3)

Fig. 2. Flow chart of study patients. BLVR = bronchoscopic lung volume reduction, CV = collateral ventilation, EBV = endobronchial valve
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Table 1. Baseline Characteristics

Lee et al.

Characteristics Group 1 (n = 69) Group 2 (n = 50) Group 3 (n = 35)
Demographic characteristic
Age, years 70.9 £ 6.6 71.1 + 6.7 70.8 £ 7.4
Male sex 66 (95.7) 47 (94.0) 32 (91.4)
Body mass index (kg/m°) 19.3 +3.1 18.8 + 2.7 18.4 + 3.0
Smoking history
Former smoker 62 (89.9) 44 (88.0) 30 (85.7)
Current smoker 7 (10.1) 6 (12.0) 5 (14.3)
No. of pack years 45.2 + 21.7 46.2 £ 23.1 43.2 +15.9
Medication use
Long-acting bronchodilator only 17 (24.6) 8 (16.0) 4 (11.4)
Long-acting bronchodilator and inhaled
. . 49 (71.0) 40 (80.0) 30 (85.7)
corticosteroid
Short-acting bronchodilator only 3 (4.3) 2 (4.0) 1(2.9)

Lung function
Post-bronchodilator FEV,, L (% pred.)
Post-bronchodilator FVC, L (% pred.)
Carbon monoxide diffusing capacity, mL

carbon monoxide/min/mmHg (% pred.)

Residual volume, L (% pred.)
Total lung capacity, L (% pred.)

Exercise performance

6-minutes walking distance, m 242 + 117

0.79 + 0.38 (27.3 + 11.9)
2.79 +0.76 (69.5 + 17.2)

6.39 + 2.95 (33.0 & 12.6)

4.74 +1.12 (194.7 + 46.8)
7.43 £1.07 (123.1 £ 18.1)

0.76 + 0.28 (26.7 + 10.7)
2.81+0.82 (70.8 + 18.0)

0.74 + 0.29 (27.0 & 11.6)

2.75 + 0.85 (70.2 + 18.9)
6.23 +2.21 (32.1+10.9)  6.17 + 2.35 (31.7 + 11.5)

4.89 + 1.11 (202.0 + 46.5)
7.56 + 1.11 (126.1 + 17.9)

5.05 + 1.24 (211.0 + 50.9)
7.63 + 1.26 (128.2 + 20.1)

242 + 115 241 + 117

Data are presented as mean + standard deviation or n (%), unless otherwise stated. FEV, = forced expiratory volume in one second, FVC =

forced vital capacity, pred. = predicted

Table 2. Kappa Statistics between Two Readers with Criteria of 0% and 10%

Reader 2 Reader 2
Criteria Complete Incomplete Total Kappa Criteria Complete Incomplete Total Kappa
(0%) (> 0%) (< 10%) (> 10%)
Reader 1 0.786 Reader 1 0.759
Complete Complete
156 16 172 159 8 167
(0%) (< 10%)
Incomplete Incomplete
12 92 104 23 86 109
(> 0%) (> 10%)
Total 168 108 276 Total 182 94 276

in 55 patients (42.8%) were incomplete. Measured axial/
sagittal defect sizes and areas were 17.4 + 25.3 mm (axial),
17.6 + 26.0 mm (sagittal), 728.3 + 1374.9 mm’ (area), and
16.1 + 23.2 mm, 17.5 + 26.0 mm, 662.9 + 1229.8 mm?,
respectively. As for the reliability of defect measurements,
the ICC values for axial/sagittal sizes and areas of defects
were 83.9%, 88.0%, and 80.9%.

According to our quantitative analysis, 48 fissures among
the 118 incomplete fissures, assessed by the Chartis™ test,
had defects of 10% or less. In the visual analysis, reader 1
and reader 2 judged nine and 24 fissures as showing defects
of less than 10%. The comparison between the visual and
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quantitative analyses revealed that a quantitative analysis
with a 5% defect criterion showed good and very good
agreement with the results of the two readers (kappa values
of 0.726 and 0.821) (Table 3).

Utility of Fissure Completeness for Chartis™ Result
Prediction

The Chartis™ assessment was performed for 138 lobes
in group 2, including 30 RUL, 25 right middle lobe (RML),
29 right lower lobe (RLL), four right bronchus intermedius
(RBI), 18 left upper lobe (LUL), and 32 left lower lobe
(LLL). Evaluation of 105 (76.1%) of these lobes with the

https://doi.org/10.3348/kjr.2018.0724 kjronline.org
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Chartis™ system gave conclusive results, while 33 (23.9%)
assessments yielded inconclusive results, including 13 cases
of abrupt flow cessation and 20 cases of technical failures,
such as secretion and apposition of the catheter against the
airway wall (19).

Among the 105 lobes with conclusive Chartis™ results,
56 showed completeness without any defect on CT. For 11
of these (19.6%), the Chartis™ system indicated positive
CV, while 40 of 49 lobes (81.6%) with fissure defects
showed positive CV on the Chartis™ system; this rate was
significantly higher than that found for complete fissures (p
< 0.001). In the lobes with fissure defects, positive CV rates
were between 75.0% and 87.5%. Rates of positive CV did
not significantly differ with the size or proportion of the
fissure defect (Fig. 3).

Korean Journal of Radiology

TLVR according to Fissure Completeness on CT and CV on
Chartis™

Thirty-five patients underwent BLVR (group 3); all showed
negative CV on the Chartis™ system, except for three with
inconclusive results. The treated lobes included 13 RUL,
4 RLL, 2 RUL and RML, 1 LUL, and 15 LLL. Twenty-four
patients underwent a follow-up CT assessment 92 + 10 days
after BLVR; 22 (91.7%) showed TLVR > 350 mL, and 16
(66.7%) showed TLVR of > 50% of the initial volume (Fig. 4).
The difference in TLVR rates (> 50% of reduction) was not
noted according to the lobes treated (9/14 in right lung,
7/10 in left lung, p = 0.77). Although four patients showed
incomplete fissures on (T, in three (75%) of these, TLVR >
350 mL was achieved, and in two (50%), TLVR of > 50%.
The rate of TLVR achievement was higher in patients with

Table 3. Kappa Statistics between Visual Analysis and Quantitative Analysis

Quantitative Analysis

Quantitative Analysis

Quantitative Analysis

Criteria Complete Incomplete Complete Incomplete Complete Incomplete
Kappa Kappa Kappa
(< 5%) (> 5%) (< 10%) (> 10%) (< 15%) (> 15%)
Reader 1
Complete 159 8 161 6 162 5
Incomplete 27 82 0.726 45 64 0.588 63 46 0.432
Reader 2
Complete 173 9 176 6 179 3
Incomplete 13 81 0.821 30 64 0.691 46 48 0.556
Total 186 90 206 70 225 51
100 7 557 s 100 7 875 88.2
y . 15/17 .
80 6/7)  (11/13) 81.8 (778)  (15/17) 83 32
= 76.9 (9/11) —_ (10/12)
© (4/5) 3 75.0 75.0
> 80 (10/13) > 807 (3/4) (6/8)
B £
2 2
o (&)
5 | 5 604
z ® >
g g
g 40 g 40
ks G
j o
2 19.6 .E 19.6
S 11/56 11/56
YD 2y (11/50)
o o
0 T T T T T T 0 T T T T T T
0 0.1-5.0 5.1-10.0 10.1-20.0 20.1-40.0 40.1- 0 0.1-5.0 5.1-10.0 10.1-15.0 15.1-20.0 20.1-
Fissure defect size (cm?) Fissure defect/fissure area (%)

A

Fig. 3. Results of Chartis™ system (Pulmonx Inc.) according to fissure completeness. In lobes without fissural defects, Chartis™ showed
positive CV in 19.6% (11/56). Meanwhile, ratio increased to 79.5% (35/44) in lobes with any fissure defect, significantly higher than ratio for
lobes with complete fissure (p < 0.001). In lobes with fissure defects, rates of positive CV did not depend on size or proportion of fissure defect.
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C D

Fig. 4. Some patients showed discrepant results regarding fissure completeness and TLVR after EBV insertion.

A. Two experienced radiologists agreed that 77-year-old male had complete fissure around target lobe (RUL). B. However, TLVR was not achieved
in this patient 3 months after BLVR; volume of RUL changed from 1146 mL to 808 mL (29.5% reduction). C. 58-year-old male had incomplete
fissure around target lobe (RUL), with size of 43.4 cm’ (7.5 x 7.4 cm, 22.7% of total fissure area). D. Despite this incompleteness, TLVR was
achieved in this patient; volume of RUL was reduced from 1012 mL to 207 mL (79.5% reduction). Chartis™ system showed negative CV in target
lobes of both patients. Circles mean RUL. RUL = right upper lobe, TLVR = target lobe volume reduction

complete fissures, but the difference was not statistically procedure, and all of them had complete fissure without
significant (p = 0.18 for TLVR > 350 mL, p = 0.48 for TLVR defect area (0%) around the target lobes.
> 50%) (Table 4). Four patients had pneumothorax after
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Table 4. TLVR Achievement according to Fissure Completeness on CT

Lung Volume Reduction Results

Criteria TLVR > 350 mL TLVR > 50% of Initial Volume Total
Yes No Yes No

Fissure status on CT

Complete 19 (95%) 1 (5%) 14 (70%) 6 (30%) 20 (83.3%)

Incomplete 3 (75%) 1 (25%) 2 (50%) 2 (50%) 4 (16.7%)
Total 22 (91.6%) 2 (8.3%) 16 (66.7%) 8 (33.3%) 24 (100%)
All patients had negative collateral ventilation on Chartis™ except three patients with inconclusive results. TLVR = target lobe volume
reduction
DISCUSSION study also corroborated the use of this criterion by showing

This study shows that the measurement of fissure defect
is well matched between readers. The presence of fissure
defect on CT affects the results of the Chartis™ system
significantly. We found a rate of CV of less than 20% in
cases of complete fissures, but this number increased to
80% in cases of incomplete fissures, even small ones,
suggesting that the size of the defect does not impact the
results. The fissure completeness on CT could not exclude
the necessity of Chartis™ completely, because some patients
still had TLVR despite large fissure defect.

With negative CV, we can expect higher response rate (15,
25). We also do not have enough evidence to insert EBV, for
patients with CV present (21). Whether CT can predict CV is
the important issue, recent review recommended that CT-
fissure integrity > 95%, valves could be directly implanted
without using Chartis™ (26). The main basis is that CT
with this criterion of fissure integrity > 90% or 95% has
comparable accuracy to predict TLVR with Chartis™ (21,

24, 27). However, patients with complete fissure still did
not have enough chance of TLVR of 350 mL (57.1% (27)
and 66.7% (21)) if CV present. Complete fissure on (T also
could not exclude CV on Chartis™ (21, 24). Therefore, the
effort to predict CV is still valuable.

Interestingly, the results of Chartis™ were different
between 0% and 0.1-5% fissure defect, indicating 19.6%
and 87.5% of positive CV in our study. Our data also
indicate that the defect size does not impact the presence
of CV, as even defects of less than 5 cm? or 5% led to
80% of CV. This may be some clue to why relatively large
portion of patients with 95% of fissure integrity still have
positive CV and do not have TLVR. This indicated that
fissure integrity should be stricter and more complete to
exclude CV. The patients group with fissure integrity of >
90% or > 95% in previous studies might include relatively
heterogeneous group of 100% and less than 100%. A recent

kjronline.org https://doi.org/10.3348/kijr.2018.0724

higher response rates in fissure defects of less than 10%
(27). However, the non-responder rate also reached 28%
in these cases with “complete fissures,” suggesting that
minimal fissure defects still contributed to CV. In another
study, odds ratio of TLVR increased by 1.47 with every 5%
increase of fissure integrity (27). This study also showed
that notable increase of TLVR rate with fissure integrity >
90%. This notable increase may come from the inclusion of
patients with fissure integrity of 100% in this group.

One of the goals of this study was to determine the
fissure defect size that indicates definite CV. A previous
study showed that the negative predictive value for lobar
atelectasis was 100% in patients with fissure defect above
25% (20). In our study, fissure defect above 20% was noted
in 8 lobes. Among them, Chartis™ showed negative CV in
two lobes (22.7% and 22.8% of fissure defect, respectively)
and one of them achieved TLVR after EBV insertion (Fig. 4).
Meanwhile, all of four lobes with fissure defect above 25%
(27.2%, 27.4%, 30.3%, and 31.9%) showed positive CV.
Therefore, recent suggestion about fissure defect of 25% is
still applied to our finding that even Chartis™ may be futile
in these cases (26).

TLVR was achieved in 91.6% of patients (> 350 mL).
Among patients with fissure integrity of 100%, this rate
increased to 95%. This response rate was higher than those
of previous studies without exclusion of positive CV (14)
and similar with those applying CV exclusion (10, 12, 28).
We inserted EBVs only when the Chartis™ system indicated
definite negative CV with a few exception (19). In real-
world practice of our country, EBV insertion was not easy
in the case with positive CV, because the patients usually
wanted guaranteed treatment response due to economic
burden for insufficient insurance coverage. In two patients,
TLVR of < 350 mL could not be achieved, and in six
patients, < 50% of the initial volume could not be reached.
One of these patients did not even show a fissure defect
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around the target lobe. In contrast, TLVR was achieved in
some cases with definite and large fissure defects.

The presence and measurements of fissure defects showed
very good agreement. However, visual assessment of
defect area percentage showed slightly lower agreements,
maybe due to the subjective evaluation. Regarding the
consistency of the decision, 0% defect criterion seems
more suitable than 10% defect criterion. Furthermore,
quantitative analysis revealed a larger number of
incomplete fissures than visual analysis. This could be
due to subjective differences in reader evaluations or to
limitations of quantification method. Recently, automated
or semiautomatic evaluation of fissure completeness is
possible using analysis software (20). Automated evaluation
of fissure completeness can reduce the subjective
differences and analysis time. Further studies are needed
to evaluate whether quantitative methods are indeed more
consistent than visual analysis.

This study has several limitations. First, BLVR was not
performed in patients with positive CV, and we could
therefore not evaluate the benefit of TLVR and the
positive predictive value of the Chartis™ system. However,
since the absence of CV is an important indicator of the
clinical response, BLVR with an EBV can currently not be
recommended for patients with CV (12, 29). Second, it is
not easy to interpret TLVR results after EBV implantation
for patients with definite fissure defect on CT. The size
of the pores of Kohn is 1-12 pm (30). and that of the
canals of Lambert is about 200 pm (31). Since CT cannot
allow calculation of sizes at this resolution, it has a clear
limitation regarding the prediction of the absence of CV.
Meanwhile, there is no clear answer as to how TLVR could
be achieved in some patients with definite incomplete
fissures.

In conclusion, quantitative analysis of incomplete fissures
is feasible. The presence of incomplete fissures indicates
higher CV rates, even if the defect is small. Meanwhile, the
size of the fissure defect does not lead to differences in
the rate of CV, and TLVR may be achieved even in patients
with relatively large incomplete areas if CV is negative, but
the possibility is scarce. These findings have direct clinical
implications and offer important guidelines for the selection
of target patients for BLVR.
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