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Predictive value of Chartis measurement
for lung function improvements in
bronchoscopic lung volume reduction
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Abstract

Background: Bronchoscopic lung volume reduction (BLVR] via valve implantation can be
achieved by targeting severely hyperinflated and emphysematously destructed lung areas in
patients with chronic obstructive lung disease. Lack of collateral ventilation (CV) is important for
good outcomes with BLVR. CV can be measured using the catheter-based Chartis system. The
aim of this study was to evaluate the correlation between total exhaled volume drained from the
target lobe measured by Chartis and clinical outcomes after BLVR in CV-negative patients.
Methods: From January 2016 to March 2019, 60 patients were included in this retrospective
single-center analysis. Drained volume (TVol) measured by Chartis was recorded and
compared with lung function and physical performance parameters. Outcome variables
included the percentage change in lung function [forced expiratory volume in 1s (FEV,),
residual volume (RV], and inspiratory vital capacity (IVC]]. Secondary outcomes were the
degree of target lobe volume reduction (TLVR], change in 6-min walk distance (6MWD], and
change in chronic obstructive pulmonary disease (COPD) assessment test (CAT) score.
Results: Drained volume correlated significantly with post-BLVR change in FEV, (r=0.663),
IVC (r=0.611), RV (r=-0.368), and TLVR (r=0.635) (all p<0.05). In a priori-defined patient
subgroups based on drained volume [<100ml (n=19), 100-400 ml (n=33), and >400ml (n=8]];
mean changes in FEV, were 2.6%, 17.4%, and 51.3%; in RV were -3.9%, -10.6%, and -23.8%; in
IVC were -4.0%, 10.6%, and 62.4%; and in TLVR were 525ml (39%), 1375 ml (73%) and 1760 ml
(100%), respectively. There were no significant correlations between absolute and percentage
changes in 6MWD and the CAT score. Lung volume reduction was diagnosed in 32 (53%) cases.
Conclusion: Drained volume measured by the Chartis system correlated with functional
improvement in CV-negative patients undergoing BLVR.

The reviews of this paper are available via the supplemental material section.
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Introduction

Chronic obstructive pulmonary disease (COPD)
is a global epidemic with various clinical manifes-
tations.! Emphysema is characterized by major
pathological changes in lung tissue. Bronchoscopic
lung volume reduction (BLVR) with valves has
been shown to decrease hyperinflation and increase
lung function, exercise capacity, and quality of life
in patients with emphysema.?~’

The success of BLVR is heavily dependent on the
selection of patients without collateral ventilation
(CV) to the supplied lobe.® There are currently
two diagnostic methods to assess CV. The first is
visual analysis of high-resolution quantitative
computer tomography (QCT), which facilitates
more efficient patient selection. Internet cloud-
based platforms such as StratX and VIDA
Diagnostics are established suppliers for QCT
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analysis.% 10 Recently, semi-automatic single pho-
ton emission computed tomography (SPECT)/
CT analysis has also been shown to successfully
quantify target lobe volumes along with ventila-
tion and perfusion.!! The second is the catheter-
based Chartis System (Pulmonx, Inc., Redwood
City, CA, USA), which compares expiratory flow
with resistance pressure.!?"14 The importance of
CV in determining the outcome of BLVR was not
well understood when early clinical trials were
designed, meaning that only modest improve-
ments were documented in the first prospective
randomized controlled trial (RCT) of BLVR.!>
The absence of CV is the most important prereq-
uisite for treatment success when using unidirec-
tional valves for lung volume reduction.

Although QCT fissure analysis is a less invasive
method of determining the CV status of a patient,
combining this with findings obtained using the
catheter-based Chartis system results in a high level
of accuracy for the detection of CV (almost 90%),
particularly in cases where visual CV assessment
remains unclear.!® However, there are currently no
published studies looking at the relationship
between individual Chartis measurements and
clinical outcomes, such as change in lung function.
Lung volume, as indicator of space and quantity
(assessed primarily using CT imaging), is an impor-
tant factor when considering therapy options for
patients with emphysema and COPD. Patients
with high-volume emphysema [residual volume
(RV) >200%] are thought to benefit more from
BLVR.!” Clinical observations suggest that the
drained volume expressed in milliliters is related to
the degree of hyperinflation, and, therefore, to the
severity of the emphysema. This means that
patients with high grades of the disease, in particu-
lar, show larger drained volumes and also gain a
greater therapeutic benefit. The predictive value of
drained volume has not yet been identified.

The aim of this study was to explore the correla-
tion of total exhaled volume (TVol) drained from
the target lobe measured by Chartis with clinical
outcomes after BLVR, determined by changes in
pulmonary function, physical performance, and
target lobe volume reduction.

Methods

Study design and patient selection
This retrospective single-center study included
patients who had a Chartis measurement prior to

valve implantation at the department of interven-
tional pneumology of the University Medicine
Essen-Ruhrlandklinik between January 2016 and
March 2019. Patients were excluded if they were
not undergoing physical rehabilitation, if the tar-
get lobe for valve implantation was not directly
measured with the Chartis system, if a therapy
option other than endobronchial valves (EBV;
e.g., coils) was used, or if the measurement was
positive for CV.

Patients with forced expiratory volume in 1s
(FEV,) <40% predicted, and RV >200% pre-
dicted were considered for BLVR treatment with
EBV (Zephyr® Endobronchial Valve; Pulmonx,
Inc.). Additional diagnostic methods in all
patients included CV assessment with CT, QCT
fissure analysis (StratX® software, Pulmonx,
Inc.) and Chartis measurement, as well as perfu-
sion scan and 6-min walk test (6 MWT). Chartis
measurements with low volumes of <50ml and
high volumes of >750ml were considered for
treatment if the curve pattern and QCT analysis
were consistent with CV-negative properties.
Treatment decision for each patient was made
after multidisciplinary board discussion with all
involved specialties including thoracic surgeons,
interventional pulmonologists, and radiologists.
Lung function testing and 6MWT were per-
formed routinely at 3 and 6 months after BLVR,
and follow-up CT scan was performed at 3 months
post-procedure. The study protocol was approved
by the research institute’s Committee on Human
Research and all patients provided written,
informed consent for BLVR treatment.

Chartis CV analysis

The Chartis system is based on an endobronchial
catheter to access the most severely hyperinflated
emphysematous lung areas identified with prior
high-resolution CT scan and QCT lung report.
With the use of this catheter, a balloon is inflated
within a lobar bronchus to occlude the lumen and
measure expiratory flow (ExpF), inspiratory pres-
sure, and their ratio [expressed as resistance
(Rndx)]. Declining flow and a concomitant rise in
resistance indicates CV negativity. The TVol of
the target lobe was measured and expressed next
to the flow/resistance graph within the console. All
measurements were performed with flexible bron-
choscopy in spontaneously breathing patients.
For local anesthesia and sedation, 10-20ml of
1% lidocaine, 10-40 mg bolus doses of propofol,
and up to 5mg midazolam were applied.
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Quantitative computed tomography

Optimal pre-BLVR CV assessment is a two-step
process using the Chartis measurement and a
QCT analysis based on a high-resolution CT
scan, allowing evaluation of lobe volumes, the
degree of emphysema, heterogeneity, and the
interlobular fissure. Patients with a fissure integ-
rity of <80% are usually not considered for LVR
with valves. Another HR-CT was done to meas-
ure the volume of the targeted lobe after BLVR,
and the QCT was prospectively analyzed to deter-
mine TLVR.

Outcome variables and data sources

We analyzed Chartis measurements for total vol-
ume drained from the target lobe and a
CV-negative result was based on the time of flow
until sustained resistance of =10cmH,0 X s/ml.
Primary outcomes were the relative (percentage)
changes from baseline in FEV,, RV, and inspira-
tory vital capacity (IVC). Secondary outcomes
were the absolute and percent change in distance
on the 6MWT (6MWD), change in COPD
assessment test (CAT) score, and volume reduc-
tion (VR) of the target lobe. We recorded the
best-achieved value within an interval of 6 months
after valve implantation. All parameters were
obtained from the database of the hospital infor-
mation system. Lung function parameters (FEV,,
RV, IVC) were measured using body plethysmog-
raphy according to the clinical routine. The
6MWT was performed according to a standard
protocol, with information about minimum oxy-
gen saturation, usage of walking aid devices, and
supplemental oxygen in liters. The CAT score
was assessed using a questionnaire. Partial atelec-
tasis and full atelectasis were radiologically
assessed using a chest radiograph and CT. A pos-
itive outcome was identified when full atelectasis
was observed or when there was a rise of dia-
phragm or an ipsilateral mediastinal shift indicat-
ing successful volume reduction. With the
post-BLVR QCT, both TLVR and the degree of
atelectasis could be identified.

Statistical analysis

Correlations between the drained volume from the
target lobe and lung function and TLVR variables
were evaluated using the Pearson’s correlation
coefficient (). Multiple regression with backward
elimination using a significance level of 0.10 was
performed to identify variables predicting changes

in the lung function parameters and TLVR.
Variables included were TVol, pre-treatment
lobar volume, upper versus lower lobes, and the
baseline lung function values. Variables that were
not statistically significant were then removed to
build a final regression model. Baseline and fol-
low-up values were compared using a paired ¢
test. A subgroup analysis was performed in patient
subgroups based on the volume drained from the
target lobe (<100ml, 100400 ml, and >400ml).
These volume intervals were arbitrarily defined a
priori based on clinical observation and experi-
ence. Statistical comparisons between groups
were performed with one-way ANOVA for a
3-volume-interval group differentiation, and with
Chi squared test. Statistical significance was
defined as p<<0.05. All statistical analyses were
performed using SPSS version 23 (IBM, New
York, NY, USA).

Results

Of the 170 examined Chartis measurements,
complete data sets were available for 60 patients
(33 female and 27 male, mean age 61.5years)
(Figure 1). The most common reasons for patient
exclusion were not performing EBV-treatment
after Chartis measurement due to lung function
and clinical disease severity that did not meet the
criteria for BLVR indication (meaning that the
decision was in favor of conservative or alterna-
tive treatment), denial of therapy because of con-
tinued nicotine abuse, or treatment refusal by the
patient (z=90). CV negativity was identified
indirectly by performing Chartis measurement on
the adjacent lobe in 16 cases. Follow-up data
were missing for four cases. Drained volume was
<100mlin 19 patients, 100-400ml in 33 patients,
and >400ml in eight patients.

Baseline mean FEV, was 0.7 =0.21(25.7+5.9%
predicted), mean RV was 59*x14 1
(274.0 £54.8% predicted), mean IVC was
2.4*0.71 (67.315.6% predicted), and mean
6MWD was 292 = 76m (Table 1).

The CAT score was recorded in 21 (mean score
25 *+5). All 60 patients had complete occlusion of
one lobe with EBV. The left upper lobe (LUL)
was treated in the majority of cases (z=36), and
the highest mean volume was drained from the
right upper lobe (RUL; 281 ml). Generally, the
upper lobes yielded a higher drained volume
(mean 258 ml) than the lower lobes (mean 95 ml);
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170 Patients evaluated from two Chartis Consoles

Excluded (n=106)
- indirect chartis measurement (n=16)
- not treated with EBV (n=90)

- alternative therapy (n=54)

- initial conservative treatment (n=27)
- refusal of EBV treatment (n=06)

- no smoking cessation (n=3)

Treated with EBV
(n=64)

Incomplete data (n=4)

A

Included in the analysis
(n=60)

Figure 1. Patient selection flow chart.
EBV, endobronchial valves.

measurement duration did not differ between the
different lobes. Target lobes and drained volumes
are summarized in Table 2.

A mean of 3.8 valves per lobe were implanted, and
32 patients (53%) had confirmed volume reduc-
tion in the chest radiograph and CT. Within
6months after treatment, pneumothorax had
occurred in nine cases (15%). Although a pneumo-
thorax can be a severe complication after valve
implantation requiring intensive monitoring, it is
also predictive for a successful treatment response. 18
No cases of valve displacement or migration
occurred. There were significant improvements in
FEV,, RV, and IVC between baseline and follow

up (all p<0.001), but 6MWD and CAT score did
not change significantly (Table 3).

The lung function parameter that correlated best
with drained volume from the Chartis measure-
ment was change in FEV, from baseline to follow
up (r=0.663), followed by change in IVC
(r=0.611); change in RV was also significantly
correlated with drained volume (r=-0.368).
Measurement duration also correlated signifi-
cantly with the drained volume (r=0.53) but
showed only low, non-significant correlation with
the outcome variables. A post-BLVR QCT for
the assessment of the target lobe volume (TLV)
could be done in 33 cases. The TLVR correlated
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significantly with the drained volume [(ml)
r=0.635, (%) r=0.608] (Table 4, Figure 2).
Baseline values for FEV,, RV, and the target lobe
volume also correlated significantly with drained
volume. The heterogeneity of the emphysema
that could be evaluated with high-resolution CT,
and the StratX lung report was not associated
with drained volume in this investigation.

Changes in all lung function, the degree of TLVR,
and physical performance variables varied widely
between patient subgroups based on drained vol-
ume, being lowest in those with smaller drained
volumes (Table 5). The regression model showed
that the drained volume (TVol) and the corre-
sponding baseline lung function value were sig-
nificantly associated with all changes in lung
function parameters and the TLVR (p<<0.001).
The higher the TVol of the Chartis measurement,
the greater the improvement in lung function, as
shown by an increase in FEV, and IVC, and a
decrease in RV. Pre-treatment lobar volume was
also significantly associated with changes in RV
and IVC. Upper lobe volume, despite the higher
volume being drained, was not significantly asso-
ciated with a change in outcome (Supplemental
Tables S1-S5).

Regarding the minimal clinically important differ-
ence (MCID) for lung function after interven-
tion, we recorded for thresholds of >100ml for
AFEV, and >310ml for ARV, along with >25m
for the 6MWD and =2 points for the CAT
score.1922 All members of the subgroup with a
drained volume of >400ml achieved the MCID
for both parameters, whereas 16% of the <100 ml
subgroup and 52% of the 100-400 ml subgroup
had a AFEV,>100ml, and 53% (<100ml) and
61% (100-400ml) had ARV>310ml.

Discussion

This study evaluated the value of drained volume
using the Chartis measurement for predicting
clinical outcome after BLVR in CV-negative
patients. There were good correlations between
drained volume, lung function, and the TLVR.
Those with higher drained volumes showed bet-
ter clinical improvements in FEV,, RV, and IVC,
along with a higher degree of the TLVR.

Careful patient selection is essential in endoscopic
lung volume reduction with interventional valve
therapy. It is already known that baseline lung

Table 1. Demographic and clinical characteristics at baseline.

Variables

Patients (n=60)

Female/male, n (%)

Age, years

Weight, kg

Height, cm

Body mass index, kg/m?
Smoking history, pack-years

FEV,

Liters

% predicted
RV

Liters

% predicted

IVC

Liters
% predicted
TLV, milliliters

6MWD, meters

CAT score (n=21)

33/27 (55/45)
61.5x6.1
67.4x14.9
170.4=8.4
23.1x4.2

42.6 £20.4

0.73x0.18

25.7x5.92

5.9+1.37

274 *£54.8

2.37*=0.74
67.3x15.6
1714 = 502.7

29276
25+5

Values are mean = standard deviation, or number of patients (%).

6MWD, 6-min walking distance; CAT, COPD assessment test; COPD, chronic
obstructive pulmonary disease; FEV,, forced expiratory volume in 1second; IVC,
inspiratory vital capacity; RV, residual volume; TLV, target lobe volume.

function parameters predict the outcome of ther-
apy, and many emphysema care centers usually
consider BLVR for patients with FEV, <40%
predicted and RV>200% predicted.!’?> The
degree of hyperinflation indicated by the RV pre-
dicts outcome because patients with greater
hyperinflation (and hence greater RV) achieve a
larger lung volume reduction and also gain more
benefit.2425 It seems clinically obvious that more
extensive hyperinflation means that the Chartis
measurement shows a higher volume being
drained from the target lobe, thus implying better
clinical improvements. Other than the QCT-
analysis, which can be used to identify hyperin-
flated lung areas, the Chartis measurement
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Table 2. Target lobes (n=60).

Lobe treated n (%) Volume drained (ml) Min/max (ml) Measurement length (s) Min/max (s)
Upper lobes 44 (73) 258 +223 18/967 156 + 71 51/395
Lower lobes 16 (27) 95+ 76 19/283 149 + 88 48/341
Left upper lobe 36 (60) 249 + 207 18/967 153 + 65 51/293
Left lower lobe 6(10) 111+98.6 19/283 141 + 96 59/282
Right upper lobe 8 (13) 281+ 294 35/726 168 = 95 72/395
Right middle lobe 1(2) 119 119 246 246
Right lower lobe 9 (15) 78 + 69 20/218 144+ 91 48/341
Total 60 (100) 212+206 18/967 154 + 75 48/395
Values are mean = standard deviation, number of patients (%), minimum and maximum.
Table 3. Changes in clinical parameters.

Variables Pre-implant (baseline) Post-implant (<6 months) p value
FEV, (n=60)

Value in liters (95% CI) 0.73(0.68, 0.78) 0.84 (0.79, 0.89)

% change (95% CI of the mean) - +17.2 (11.1, 23.4) <0.001
RV (n=60)

Value in liters (95% Cl) 5.9 (5.54, 6.3) 5.18 (4.86, 5.5)

% change (95% CI of the mean) - -10.0 (-13.9, -6.2) <0.001
IVC (n=60)

Value in liters (95% Cl) 2.37 (2.18, 2.56) 2.5(2.35, 2.7)

% change (95% CI of the mean) - +12.9 (2.0, 23.8) <0.001
TLV (n=60)

Value in milliliters (95% CI) 1722 (1562.5, 1883.3) 507.2 (314.3, 700.1)

% change (95% Cl of the mean) - -68.6(56.9, 80.3) <0.001
6MWD (n=60)

Value in meters (95% Cl) 292.8(272.7,312.8) 313.3(291.2, 335.4)

% change (95% CI of the mean) - +8.7 (1.7, 15.8) n.s.

Change in meters (95% Cl) 20.5(-1.9, 42.8) n.s.
CAT score (n=21)

Points (95% Cl) 25.2 (22.9, 27.5) 23.7(20.9, 26.5)

Change in points (95% Cl) - -1.57(-3.7,0.5) n.s.

6MWD, 6-min walking distance; CAT, COPD assessment test; Cl, confidence interval; COPD, chronic obstructive pulmonary disease; FEV,, forced
expiratory volume in 1s; IVC, inspiratory vital capacity; n.s., not statistically significant; RV, residual volume.
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displays the actual pathologic condition of lung
volumes, airways, and airflow. The demonstra-
tion in this study that TVol significantly corre-
lated with RV and target lobe volume (TLV) at
baseline, and with changes in FEV,, RV, IVC
from baseline to follow up, provides evidence to
support this. The positive correlation with the
QCT-analyzed TLVR further substantiates this
relationship. Even though there was a significant
correlation between TVol and both outcome
parameters and TVol and TLV at baseline, there
was no correlation between TLV and outcome
parameters. This demonstrates, in our observa-
tion, that TLV does not have a predictive value.

Although there was a general benefit from valve
placement in our study population, our results
showed greater benefits and lung function
improvements in the subgroup of patients with
the greatest TVol. In contrast, we did not observe
any correlation between drained volume and
either 6MWD or CAT score. The 6MWD has
previously been shown to correlate with baseline
lung function parameters,2%27 but changes in
6 MWD do not appear to correlate with changes
in lung function.2® It is possible that our inability
to detect improvements in these parameters in the
subgroup of patients with drained volume
>400ml was due to the small number of patients
in this subgroup. Another possible explanation
could be that our study population might have a
very severe manifestation of emphysema with
highly impaired baseline FEV, and RV compared
with previous EBV trials, meaning that physical
performance was not improved even after treat-
ment.2? In retrospective analysis, Darwiche ez al.
and Trudzinski er al. showed that EBV treatment
can be safely performed in patients with very low
FEV,. Although improvements in lung function
were recorded in these studies, there was no sig-
nificant change in 6MWD.30:31 Quality of life was
determined using the CAT. Complete pre- and
post-intervention data were available for only
21/60 patients (35%). CAT scores did not change
significantly from baseline after BLVR, and there
was no correlation with drained volume. The nine
cases of pneumothorax occurring within 6 months
after EBV treatment in our study were distributed
equally between subgroups, and there was no
relationship between the drained volume and the
risk of post-treatment pneumothorax.

As noted above, the Chartis System is a safe method
to improve accuracy for patient identification and

Table 4. Correlation coefficients.

Variable Correlation with p value
drained volume (r)
Baseline parameters
TLV (ml) 0.449 <0.05
FEV, (mU) -0.266 <0.05
RV (ml) 0.529 <0.001
IvC (ml) -0.135 n.s.
6MWD (m) -0.087 n.s.
Change from baseline to follow up
AFEV, (%) 0.663 <0.001
ARV (%) -0.368 <0.05
AIVC (%) 0.611 <0.001
TLVR (ml) 0.635 <0.001
TLVR (%) 0.608 <0.001
A6MWD (m) 0.128 n.s.
A6MWD (%) 0.115 n.s.

Correlation coefficient measured with Pearson correlation (n=60).

6MWD, 6-min walking distance; CAT, COPD assessment test; COPD, chronic
obstructive pulmonary disease; FEV,, forced expiratory volume in 1s; IVC,
inspiratory vital capacity; n.s., not statistically significant; RV, residual volume; TLV,

target lobe volume; TLVR, target lobe volume reduction.

therapy decision making as part of the combined
diagnostics for collateral ventilation. It was first
described as an endobronchial CV assessment
(ECVA) by Aljuri and Freitag in 2008 and later
developed as a commercial diagnostic t0ol.32-33
Chartis is used on the most emphysematous
transformed lobe identified via prior CT scan-
ning and QCT report and provides qualitative
evidence of collateral ventilation by recording
expiratory flow and inspiratory pressure. In
addition, it quantitatively detects the total vol-
ume being drained from the target lobe and the
time of this measuring maneuver is recorded.
The functional mechanisms of this device have
been studied previously, and it has been shown
to be a safe and efficient qualitative diagnostic
tool.1432:34 Use of Chartis does not increase the
risks associated with valve placement. The focus
of the current study was mainly on drained vol-
ume. However, there is a place for additional
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Figure 2. Scatter plots showing correlation between changes in lung function from baseline to follow up and
drained volume.
FEV,, forced expiratory volume in 1s; IVC, inspiratory vital capacity; RV, residual volume; TLVR, target lobe volume reduction.

investigation of CV-negative patients based on The diagnostic value of Chartis is strongly depend-
the highly individual curve shapes with varying ent on the examiner’s skills and experience. Herzog
rates of pressure, measurement length, and and colleagues described four different phenotypes
drained volume, and the interaction between with associated curve patterns: CV-positive, low-
factors. flow, low-plateau, and CV-negative.3> Different
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Table 5. Group differentiation for three thresholds of drained volume.

Variables Drained volume (TVol), ml
<100 (n=19) 100-400 (n=33) >400 (n=8) p value
AFEV, (%) 2.59 17.37 51.3 <0.001
ARV (%) -3.92 -10.6 -23.8 0.007
AIVC (%) -3.97 10.6 62.4 <0.001
A6MWD (%) -3.34 15.17 8.56 n.s.
AFEV,>100ml*, n (%) 3(16) 17 (52) 8 (100) <0.001*
ARV >310mL*, n (%) 10 (53) 20 (61) 8 (100) <0.001*
6MWD > 25 m*, n (%) 5(26) 17 (52) 3(38) n.s.*
<100 (n=7) 100-400 (n=11) >400 (n=3)
CAT=2t, n (%) 2 (29) 5 (45) 1(33) n.s.*
<100 (n=8) 100-400 (n=21) >400 (n=4)
TLVR (ml) 525 1375 1760 <0.001
TLVR (%) 39 73 100 <0.001
Full atelectasis (n) 0 (0) 12 (57) 4 (100) <0.001

One-way ANOVA for 3-volume-interval.
“Chi squared test.

fMinimal clinically important difference.

A, mean change from baseline to follow up.

6MWD, 6-min walking distance; CAT, COPD assessment test (mean value); COPD, chronic obstructive pulmonary disease; FEV, forced expiratory
volume in 1s; IVC, inspiratory vital capacity; n.s., not statistically significant; RV, residual volume; TLVR, target lobe volume reduction.

thresholds for pressure (Rndx) and volume
(TVol) were used to define the different pheno-
types. A CV-negative result has been defined as
drained volume of 50-750ml. Volumes below
50ml were designated as a low-flow phenotype
almost only present in the lower lobes with a time
range up to 30s. Volumes above 750 ml indicate a
CV-positive result. Gesierich ez al. also suggested
that drained volumes of <50ml or flow times of
<1 min are associated with a collapse phenome-
non or the so-called delayed collapse phenome-
non. These have to be distinguished from a
CV-negative result.3% In our study, we also classi-
fied volumes below 50ml and above 750ml as
CV-negative if the curve pattern was consistent
with the previously described properties of
CV-negative measurements, and the (Q)CT
analysis indicated no CV. Figure 3 shows exam-
ples of typical curve patterns that were measured
outside of the discussed range. Measured

volumes of <50ml were evenly distributed to the
upper lobes (UL) and lower Ilobes (LL)
(TVol<50ml, n=14; 7 UL, 7 LL). There were
two cases of volumes >750ml (967ml and
857 ml), both measured in the left upper lobe.

Anesthesia technique has been shown to have an
impact on the Chartis maneuver.3” Although there
was no difference in the treatment outcome, more
measurements were required to identify CV-status
and measurements under conscious sedation took
significantly longer than those performed under
general anesthesia. Furthermore, the mean airflow
volume (TVol) was higher during the conscious
sedation procedures. Because we performed all
measurements under conscious sedation, measure-
ments were probably longer and generated higher
drained volumes compared with measurements
performed under general anesthesia. This should
not confound our findings because measurements
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Figure 3. Chartis curve patterns. The upper orange and blue curves show the expiratory flow and inspiratory pressure. The lower
curve represents the corresponding resistance. Examples for <50mlin (a) and >750ml (b).

TVol, drained volume.

were done under conscious sedation (rather than a
mix of anesthesia types). However, we hypothesize
that the findings should be similar for both anesthe-
sia techniques because the drained volume depends
mostly on the degree of hyperinflation, but this
needs to be verified by data from measurements
under general anesthesia.

There are some limitations in our study. One is the
retrospective nature of this investigation from a
single emphysema care center. The Chartis meas-
urement, especially under conscious sedation, is a
method with variable results depending on the
examiner and individual difficulty of the maneu-
ver. Although we only evaluated distinct
CV-negative curve patterns, we cannot exclude a
bias related to the operator’s experience because a
range of examiners do the measurements on a daily
basis. Generally, there are patients who do not tol-
erate Chartis measurement, meaning that increased
bronchoconstriction, mucus secretion, or cough-
ing can lead to incorrect data recordings. In 12/60
cases in our study, the measurement for the tar-
geted lobe had to be repeated to get a distinct
CV-negative curve pattern. We found no connec-
tion between the number of measurements per
lobe and the drained volume, and the 12 cases
were distributed across all volume groups (4 in
<100ml, 6 in 100-400ml, and 2 in >400ml).
Moreover, it can be technically difficult to measure
the lower lobes because the inflated balloon might
occlude a segment, especially the B6 bronchus, so
that recordings here might be incorrect as well.38
We could not collect quality of life data in all cases,
so changes in quality of life data may

not be representative. Due to reasons such as
incompatible CT-resolution, missing HR-CT
slices, or presence of postprocedural pneumotho-
rax, we analyzed only 33 post-BLVR QCTs to
determine the TLVR. A complete examination
would have been desirable but given that there was
a highly statistically significant correlation with
drained volume, this outcome can be considered
as representative. No cases of valve displacement
or migration after EBV treatment were observed.
In six cases, there was a history of prior unsuccess-
ful EBV treatment where re-implantation was nec-
essary, and our data include outcome values after
re-implantation. In terms of Chartis measurements
per lobe, we have a discrepancy towards the LUL
(n=36). In general, we observed that the LUL was
treated in the majority of cases in our center, but
this included indirect CV measurement for the left
lower lobe (LLLL). There was also indirect CV
measurement of the right lung, which also contrib-
utes to the high LUL number. In addition, there
were individual cases of emphysema, especially of
the right middle lobe (RML), where a missing fis-
sure integrity or a certain emphysema pattern was
known. In these cases there was a pre-Chartis deci-
sion favoring alternative therapy options (e.g., sur-
gery). In summary, further prospective, multicenter
studies are needed to confirm the results observed
in this investigation. Finally, this study was con-
ducted in an emphysema care center with high
numbers of COPD patients and experience.
Therefore, it shows only possible, but not general-
izable, results. In terms of clinical implementation,
we consider it necessary that the volume of the
Chartis measurement should be completely
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finished to get the drained volume of the targeted
lobe. This is particularly essential in patients with a
slow decline of flow because these patients tend to
yield higher drained volumes and significantly
improve after BLVR. Additional data on TVol
should then be added, and assessed together with
the usual pre-treatment diagnostic procedures.
This could aid the decision-making process for
individual cases that are not clearly within the
range of the defined patient selection guidelines, or
where a case is close to a cutoff value. Moreover,
when diagnostic tools such as QCT are unclear, or
do not match symptom burden but clinical severity
requires treatment, the Chartis measurement is
helpful for further therapy planning.

In conclusion, there is a clinically meaningful and
statistically significant correlation between the
drained volume from the Chartis measurement
and changes in lung function (FEV,, RV, and
IVC) after BLVR with valves. Thus, the Chartis
System not only provides qualitative diagnostic
information about whether valve implantation is
feasible, but also allows prediction of post-proce-
dural lung function improvements in CV-negative
patients.
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