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Background: Little is known about in vivo alterations at bronchial and vascular levels in
severe pulmonary hypertension (PH) of different etiologies. We aimed to compare quantitative
computed tomography (CT) data from the following three groups of severe precapillary PH
patients: COPD, idiopathic pulmonary arterial hypertension (iPAH), and chronic thromboem-
bolic PH (CTEPH).

Patients and methods: This study was approved by the institutional review board. Severe PH
patients (mean pulmonary arterial pressure [mMPAP] =35 mmHg) with COPD, iPAH, or CTEPH
(n=24, 16, or 16, respectively) were included retrospectively between January 2008 and January
2017. Univariate analysis of mPAP was performed in each severe PH group. Bronchial wall
thickness (WT) and percentage of cross sectional area of pulmonary vessels less than 5 mm?
normalized by lung area (%CSA _,) were measured and compared using CT, and then combined
to arterial partial pressure of oxygen (Pa0,) to generate a “paw score” compared within the three
groups using Kruskal-Wallis and its sensitivity using Fisher’s exact test.

Results: WT was higher and %CSA_; was lower in the COPD group compared to iPAH and
CTEPH groups. Mosaic pattern was higher in CTEPH group than in others. In severe PH patients
secondary to COPD, mPAP was positively correlated to %CSA_;. By contrast, in severe iPAH,
this correlation was negative, or not correlated in severe CTEPH groups. In the COPD group,
“paw score” showed higher sensitivity than in the other two groups.

Conclusion: Unlike in severe iPAH and CTEPH, severe PH with COPD can be predicted by
“paw score” reflecting bronchial and vascular morphological differential alterations.
Keywords: computed tomography, pulmonary hypertension, COPD, prediction, quantitative

Plain language summary

Mortality of pulmonary hypertension (PH) increases with severity of the disease. It is thus cru-
cial to identify severe forms of PH, characterized by a higher elevation of mPAP. In addition,
little is known about bronchial and vascular alterations in severe PH of different etiologies.

Our purpose was to compare the following three groups of severe precapillary PH patients
using quantitative computed tomography (CT): COPD, idiopathic pulmonary arterial hyperten-
sion (iPAH) and chronic thromboembolic PH (CTEPH).

Bronchial wall thickness (WT) was higher and small pulmonary vessels area was lower in
the COPD group compared to iPAH and CTEPH groups. The mPAP was positively correlated
to small pulmonary vessels area in the COPD group and negatively or not correlated in iPAH
or CTEPH groups.

Unlike severe iPAH or CTEPH, severe PH secondary to COPD is characterized by vascular
and bronchial morphological alterations assessed by quantitative CT. These values combined
with that of PaO, in a “paw score” can predict the presence of severe PH, only in COPD patients.
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Such a paw score could be thus used to select COPD patients for
right heart catheterization.

Introduction
Pulmonary hypertension (PH) is defined by a mean pul-
monary arterial pressure (mPAP) =25 mmHg, at rest,
subsequently inducing right heart failure, and ultimately
patient’s death.'> Among the five groups of PH, defined
in the last international classification,! three of them cor-
respond to a precapillary PH (ie, PH due to lung diseases
and/or hypoxemia [group 3], pulmonary arterial hyperten-
sion [(PAH), group 1] notably idiopathic PAH (iPAH), and
chronic thromboembolic PH [(CTEPH), group 4)]. Despite
comparable hemodynamic alterations assessed invasively by
right heart catheterization (RHC), these three groups have
different underlying mechanisms, treatment, and prognosis.'
The mortality of PH increases by more than fourfold when
the mPAP increases by 10 mmHg.? It is thus crucial to identify
severe forms of PH, characterized by a higher elevation of
mPAP.* In patients with COPD (group 3), severe PH is defined
as mPAP =35 mmHg at rest.> However, RHC cannot be per-
formed in all COPD patients. To circumvent this limitation, a
“paw score” was proposed, combining arterial partial pressure
of oxygen (Pa0,) and quantitative computed tomography (CT)
measurements of both bronchial wall thickness (WT) and small
pulmonary vessels. This “paw score” was able to predict the
presence of severe PH in a COPD population with 75% sensi-
tivity and 80% specificity.® Interestingly, its negative predictive
value was more than 95%, allowing to predict the absence of
severe PH when the “paw score” was <5 with <5% error.®
Although the “paw score” appeared accurate ina COPD popu-
lation, it remains unclear whether this score may be relevant
to other forms of severe PH. Moreover, relationships between
mPAP and quantitative CT measurements of both bronchi and
small pulmonary vessels have not been described so far in the
various groups of patients with severe precapillary PH.
Thus, we aimed at comparing quantitative CT measure-
ments of bronchial wall, lung parenchyma, and small pulmo-
nary vessels in patients with severe precapillary PH related
to COPD, iPAH, or CTEPH. We also assessed correlations
between mPAP, CT, clinical, and functional parameters in
order to find predictors of mPAP variability. Finally, we
compared the sensitivity of the “paw score” to diagnose
severe PH in each of these three groups.

Patients and methods
Study population

This study was observational, retrospective, and conducted
according to the principles of the Declaration of Helsinki

and approved by our institutional review board. One hundred
eighty-nine patients were consecutively referred for complete
examination of severe PH to our institution, a tertiary
medical center, between January 2008 and January 2017.
From a prior study,® 20 COPD patients were also included
in the current study (out of 24 patients) and none in the two
other groups. However, these 20 patients were completely
reanalyzed by another radiologist and they were implemented
with four new subjects. Before initiation of any treatment,
within 1 week, all patients had physical examination, medi-
cal questioning, 6-minute walk tests (6-MWT), blood tests
(C-reactive protein [CRP], brain natriuretic peptide, and
HIV serology), transthoracic-echocardiography, ventilation/
perfusion scintigraphy, pulmonary function test (PFT), RHC,
and unenhanced CT within a minimal period of 1 month
of disease stability. PFT involved body plethysmography,
transfer lung capacity of carbon monoxide ([TLCO]; Medis-
oft, Sorinnes, Belgium), and arterial blood gases. Reference
values were chosen from the European Respiratory Society
and the American Thoracic Society guidelines.”® From
the 189 screened patients, 103 patients had both mPAP
value =35 mmHg at RHC® and a diagnosis of either COPD,
iPAH, or CTEPH. However, 16 patients were not fully
screened and 19 patients could not be included because of
associated diseases (Figure 1). Thus, from the 68 remaining
patients, we focused the study on the 56 adult patients with
only severe precapillary PH with either COPD, iPAH, or
CTEPH, without any other condition to explain PH, and with
an adequate CT examination without any abnormality pos-
sibly altering CT measurements (Figure 1). Chest CT scans
were acquired at full inspiration on a Somatom Definition 64
(Siemens, Munich, Germany). Dedicated and validated soft-
ware were used to quantitatively analyze scans.”!® Emphy-
sema was automatically quantified with Myrian software
(Intrasense, Montpellier, France) using the low-attenuation
area percent (LAA%).%!! Mosaic attenuation was assessed
using a semiquantitative score derived from evaluation of
each lobe."? Bronchial wall area (WA), lumen area, and
WT were automatically quantified on orthogonal bronchial
cross sections using previously validated homemade soft-
ware (ie, Neko).!®!® Small vessel areas from CT images
were automatically measured, as previously described.®!#!8
Percentage of cross sectional area of pulmonary vessels
less than 5 mm? normalized by lung area (%CSA_,) at
each CT slice were acquired using ImagelJ software. Large
vessel diameters were manually measured, at the level of
pulmonary artery bifurcation, for both pulmonary arterial
truncus (AP) and ascending aorta (AO) using the same
axial image.®!
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86 were not from COPD,
iPAH or CTEPH groups

21 from group 1 of PH, not iPAH
y 32 from group 2 of PH

103 patients with severe PH from COPD, 21 from group 3, not COPD
iPAH or CTEPH groups with no 12 from group 5
previous treatment

189 patients were screened for severe PH

A 4

16 were not fully screened
7noCT
5 no V/Q scintigraphy

y 4 no complete PFT

A 4

87 consecutive severe PH patients

19 were not included
12 associated with left heart disease
6 associated with sleep apnea

y 1 associated with sarcoidosis

A 4

68 patients were included with no other

cause to explain severe PH 12 excluded on CT

6 artifacts

3 micronodules

1 consolidation

y 1 pleural plaques
1 pleural effusion

56 severe PH patients were
included in the study

A y v

24 COPD patients with severe
PH (mPAP 235 mmHg)

16 iPAH patients with severe
PH (mPAP 235 mmHg)

16 CTEPH patients with severe
PH (mPAP 235 mmHg)

Figure | Flowchart of study design.

Note: Number of patients who were screened, enrolled, and assigned to a study group.
Abbreviations: CT, computed tomography; CTEPH, chronic thromboembolic PH; iPAH, idiopathic pulmonary arterial hypertension; mPAP, mean pulmonary arterial
pressure; PFT, pulmonary function tests; PH, pulmonary hypertension; V/Q, ventilation/perfusion scintigraphy.

Statistical analyses
Statistical analyses were performed using NCSS software
(v.2001; NCSS, Kaysville, UT, USA). Results are expressed
as mean with SD and analyzed using one-way ANOVA and
Tukey post hoc tests. Parameters that were not normally dis-
tributed are expressed as median with interquartile ranges and
tested by Kruskal-Wallis and multiple comparisons z-value
post hoc tests. Categorical variables were analyzed with
Fisher’s exact tests. Univariate correlations were assessed
using Pearson’s correlation coefficient test. In order to predict
severe PH, “paw scores” were built, combining three vari-
ables, ie, PaO,, WT, and %CSA _, as described elsewhere
(Table S1).% P-value <0.05 was considered significant.
Details about PFT, RHC, CT protocols, echocardiogra-
phy, “paw score”, and statistical analysis, are available in
the electronic supplementary material.

Ethics approval and informed consent

This study was observational, retrospective, and conducted
according to the principles of the Declaration of Helsinki
and approved by our institutional review board “the Ethics

Committee of the University Hospital of Bordeaux™ refer-
ence: GP-CE 2018/20. Every patient was informed and
agreed that their data can be used for further research studies
anonymously. Data were anonymized and they complied with
the requirements of the “Commission nationale informatique
et libertés” (CNIL) that approved the methods this organi-
zation was being responsible for ensuring the ethical use of
data collected for scientific purposes in France (approval
number: 1909530 v 0).

Results

Patients characteristics

Among the 56 included patients with severe PH, 24 patients
suffered from COPD, 16 from iPAH, and 16 from CTEPH
(Figure 1). Demographic, plethysmographic, clinical,
biological, and hemodynamic characteristics of the three
groups are detailed in Table 1. Significant lower FEV , FEV /
FVC ratio, and TLCO, and a higher residual volume were
found in COPD subjects compared to the other two groups.
Moreover, both a lower PaO, and a higher left ventricular
ejection fraction were measured in COPD patients compared
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Table | Characteristics of severe PH patients

COPD with severe PH | Severe iPAH Severe CTEPH P-value

N 24 16 16
Age

Years | 70 (64-73) | 71 (62-76) | 66 (56-75) | 059
Sex ratio

Male/female | 204+ | or7e B | <o
BMI

kgm™ | 2645 | 2544 | 2547 | 067
PFT

FEV, (% pred) 55£212F 9114 92+14¢ <0.01

FEV IFVC (%) 57 (49-63)** 73 (72-78)¢ 76 (74-78) <001

FVC (%) 8012220 98+17¢ 97+14¢ <0.01

TLC (%) 95 (87-104) 93 (83-101) 99 (93-101) 0.26

RV (%) 115 (101-141): 92 (83-105) 109 (87-115) <001

TLCO (%) 23 (16-32) 40 (35-80)° 66 (57-87)° <0.0lI
6-MWT

Distance (m) 275 (180-300) 317 (270-390) 325 (228-510) 0.14
Arterial blood gases

PaO, (mmHg) 49 (46-53)° 67 (53-75) 60 (52-68) <00l

PaCO, (mmHg) 34 (29-37) 32 (30-36) 33 (31-36) 0.60
RHC

mPAP (mmHg) 4547 42+4 4749 0.11

SPAP (mmHg) 72140 69+11° 83+16% 0.0l

dPAP (mmHg) 29+6 2745 2748 0.54

PCWP (mmHg) 9+3 8+3 8+3 0.55

Gradient (mmHg) 20+5 20+6 1818 0.85

PVR (Wood unit) 8+3 9+4 104 0.19

PVRi (Wood unit.m™) 15+6 1714 1616 051

CO (Lmin™) 5412 4+1 4 4+1.1 0.09

Cl (L.min~'.m) 3+0.7 2+0.7 2+0.5 0.14
Echocardiography

SPAP (mmHg) 69+24 72418 82424 0.28

ITVmax (m/s) 3.8+0.7 3.8+0.4 4.11£0.6 0.26

ITGdmax (mmHg) 59422 59+13 69121 0.28

LVEF (%) 68+9° 57%10¢ 64=1 | 0.02
Biology

CRP (pg/mL) 4(2-7) 6 (4-16) 5 (1-6) 027

BNP (mg/mL) 375 (35-610) 467 (66-936) 186 (73-376) 0.29

Notes: Data are mean + SD for continuous normal variables, or median with IQR if their distribution was not normal. Comparisons of parametric and nonparametric variables
were performed using ANOVA and with Kruskal-Wallis tests, respectively. *Different from iPAH group, *different from CTEPH group, and “different from COPD group.

Abbreviations: BMI, body mass index; BNP, brain natriuretic peptide; Cl, cardiac index; CO, cardiac output; CRP, C-reactive protein; CTEPH, chronic thromboembolic
PH; FVC, forced volume capacity; Gradient, dPAP-PCWP; iPAH, idiopathic pulmonary arterial hypertension; ITGdmax, maximal transtricuspid pressure gradient; ITVmax,
maximal tricuspid regurgitation velocity; IQR, interquartile range; LVEF, left ventricular ejection fraction; 6-MWT, 6-minute walk test; m, s, dPAP, mean, systolic, diastolic
pulmonary arterial pressure; PCWP, pulmonary capillary wedge pressure; PFT, pulmonary function test; PH, pulmonary hypertension; PVR, pulmonary vascular resistance;
PVRi, indexed PVR; PaCO,, arterial partial pressure of carbon dioxide; PaO,, arterial partial pressure of oxygen; pred, predicted; RHC, right heart catheterization; RV, residual

volume; TLC, total lung capacity; TLCO, transfer lung capacity of carbon monoxide.

384 submit your manuscript

Dove

International Journal of COPD 2019:14



www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Coste et al

to iPAH patients (Table 1). The mPAP was similar in the
three groups, as well as most of the RHC parameters except
the systolic PAP (sPAP), which was higher in severe CTEPH
patients (Table 1).

Comparison of CT measurements of

bronchi, parenchyma, and vessels
Morphological CT parameters were compared in the three
groups (Table 2). Bronchial morphological parameters were
greater in COPD patients with severe PH (Figure S1) than
in iPAH (ie, WT and WA Figure S2) and CTEPH (ie, WT;
Figure S3). Moreover, emphysema extent, assessed by the
LAA%, was higher in patients with COPD than in those with
iPAH or CTEPH. In addition, mosaic attenuation score was
higher in patients with severe CTEPH than in those with
iPAH or COPD. Whereas large vessels ratio was not different
within the three groups, the %CSA_; was smaller in patients
with COPD than in those with iPAH.

Univariate analysis of mPAP

In COPD patients with severe PH, significant univariate
correlations were found between mPAP and a variety
of variables including: CRP, echocardiographic sPAP,
%CSA_,, and WT (Tables 3 and S2). In severe iPAH
patients, mPAP was correlated only with maximal tricuspid
regurgitation velocity (ITVmax) and %CSA_,. Correla-
tion between mPAP and %CSA _; was positive in patients
with COPD, whereas it was negative in those with iPAH
(Figure S4). By contrast, mPAP of severe CTEPH patients

Table 2 Comparison of CT parameters between groups

was not correlated to %CSA
and 6-MWT.

but with LAA%, TLCO,

<5°

Validity of “paw scores” in each
group and comparison to sPAP on

echocardiography

As a consequence, the “paw score” combining three vari-
ables, ie, PaO,, WT, and %CSA
COPD patients with severe PH than in the two other groups,

_s» was significantly higher in
without any difference between severe iPAH and severe
CTEPH (Figure 2A). Using a threshold of 5, as assessed
previously,® the sensitivity of “paw score” for predicting the
presence of severe PH was 87.5% (21/24),43.8% (7/16), and
62.5% (10/16) in COPD, iPAH, and CTEPH groups, respec-
tively. A significant difference in the number of true positives
and false negatives between the three groups of severe PH
was found (Figure 2B). We also assessed the sensitivity of
ultrasound echocardiography to predict the presence of severe
PH using various sPAP cutoff (ie, 50 mmHg," 60 mmHg,*
and 65 mmHg?! in the three groups of patients (Table S3). In
COPD patients, the sensitivity of the “paw score” was higher
than that of echocardiography for each cutoff.

Discussion

The present study demonstrates that, unlike severe iPAH
or severe CTEPH, severe PH secondary to COPD is
characterized by vascular and bronchial morphological
alterations assessed by quantitative CT. Values derived
from these measurements, combined with that of PaO, in

COPD with severe PH Severe iPAH Severe CTEPH P-value

n 24 16 16
Bronchi

WA 20.061+4.63° 16.44+3.25° 17.61+3.76 0.02

LA 9.03+2.73 8.20+2.49 9.281+2.84 0.50

WT 1.34£0.15 1.19+0.15° 1.20£0.13° <0.01
Parenchyma

LAA% 4.59 (2.70-10.50)>< 1.26 (0.74—1.84)° 1.30 (0.84-2.80)° <0.01

Mosaic attenuation 0 (0-0)c 0 (0-17)c 30 (4-52)* <0.01
Vessels

AP/AO 1.06 (0.98-1.16) 1.09 (0.99-1.16) 1.14 (1.08-1.21) 0.11

%CSA_, 0.54+0.19° 0.77+0.29° 0.67+0.24 0.01

Notes: Data are mean * SD for continuous normal variables, or median with IQR if their distribution is not normal. Comparisons of parametric and nonparametric variables
were performed using ANOVA and with Kruskal-Wallis tests, respectively. *Different from iPAH group, ‘different from COPD group, and “different from CTEPH group.
Abbreviations: AO, aorta; AP, pulmonary arterial truncus; %CSA_;, percentage of cross sectional area of pulmonary vessels less than 5 mm? normalized by lung area;
CTEPH, chronic thromboembolic PH; iPAH, idiopathic pulmonary arterial hypertension; IQR, interquartile range; LA, mean lumen area (mm?); LAA%, low-attenuation area
percentage; PH, pulmonary hypertension; WA, mean wall area (mm?); WT, mean wall thickness (mm).
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Table 3 Univariate correlations between mPAP and CT parameters

COPD with severe PH Severe iPAH Severe CTEPH
n Coef P-value | N Coef P-value |n Coef P-value
Parenchyma emphysema | LAA% 24 —0.10 0.65 16 0.45 0.08 16 —0.58 0.02
Mosaic attenuation MA% 24 0 | 16 0.08 0.77 16 0.44 0.08
Bronchi WA 24 0.38 0.07 16 -0.04 0.88 16 0.06 0.8l
LA 24 0.15 0.49 16 0.13 0.63 16 —-0.02 0.93
WT 24 0.43 0.04 16 —0.15 0.59 16 0.13 0.62
Vessels
Large vessels AP/AO 24 0.0l 0.95 16 0.45 0.08 16 0.38 0.15
Small vessels %CSA_, | 24 0.41 0.04 16 —-0.55 0.03 16 0.14 0.61

Notes: Data are Pearson correlation coefficients. Bold indicates statistical significance, P<<0.05.

Abbreviations: AO, aorta; AP, pulmonary arterial truncus diameter; %CSA

'<5?

percentage of cross sectional area of pulmonary vessels less than 5 mm? normalized by lung

area; CTEPH, chronic thromboembolic PH; CT, computed tomography; Coef, coefficient; LA, mean lumen area (mm?); iPAH, idiopathic pulmonary arterial hypertension;
LAA%, low-attenuation area percentage; MA, mosaic attenuation; mPAP, mean pulmonary arterial pressure; PH, pulmonary hypertension; WA, mean wall area (mm?); WT,

mean wall thickness (mm).

a “paw score” can predict the presence of severe PH, in
COPD patients.

To the best of our knowledge, this quantitative CT study
is the first one including cohorts from three distinct groups of
precapillary severe PH, and reporting in vivo data of small
vessels alterations in severe PH. Whereas these three groups
presented similar values of mPAP, all being =35 mmHg,
several differences in quantitative CT parameters between
groups and univariate relationships with mPAP within
groups have been highlighted. These three groups of severe
PH patients allows us to consider two groups as control for
the third one. Regarding bronchial parameters, we showed
that WT was higher in COPD patients with severe PH, as
compared to the two other groups and was positively cor-
related to mPAP only in COPD, as previously described in
the literature,*'" but not in the two other groups, a finding
that has not been reported so far. Regarding vascular param-
eters, the %CSA_, was lower in COPD patients with severe

A
9-
8 - #31

7 - *
*

6 - |

5 |

4 4

3

24

14

0 -

Paw scores

Severe
CTEPH

Severe
iPAH

COPD with
severe PH

Figure 2 Comparison of “paw score” and its sensitivity between severe PH groups.

PH compared to iPAH. This result could be related with the
emphysema extent, which was higher in COPD patients. In
addition, a strong negative correlation between %CSA _ and
emphysema has been demonstrated in this study confirming
previous findings.'>!"!¥ Moreover, we demonstrated a positive
correlation between mPAP and %CSA_; in COPD patients
with severe PH, in line with recent published results.® By
contrast, this correlation was negative in severe iPAH. Such a
negative correlation between mPAP values and %CSA_, may
suggest that the decrease in the number of vascular structure
may accompany iPAH. This observation could be explained
by angiogenesis disturbance in iPAH.2** Our finding may
bring insights into this uncertainty, suggesting that severe
PH in COPD may be secondary to complex pathophysiol-
ogy interactions that might be different from iPAH. These
opposite findings cannot, nevertheless, rule out the previously
proposed hypothesis that the severity of PH in COPD might
be related with coexistence of iPAH.>*2 In the present study,

B 30 - P=0.012
| | |
20 1
c \\§
0 = T T
COPD with Severe Severe
severe PH iPAH CTEPH

Notes: (A) Comparison of “paw scores” in each severe PH groups: COPD, iPAH, and CTEPH. Comparison was performed using Kruskal-Wallis and multiple comparisons
z-value post hoc tests. *Different from COPD group, *Different from iPAH group, *Different from CTEPH group. (B) Comparison of “paw score” sensitivity in each severe
PH group was assessed by a Fisher’s exact test. Hashed bars represent true positives and plain bars represent false negatives.

Abbreviations: CTEPH, chronic thromboembolic PH; iPAH, idiopathic pulmonary arterial hypertension; PH, pulmonary hypertension.

submit your manuscript

386

Dove

International Journal of COPD 2019:14


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Coste et al

there was also no correlation between %CSA_; and mPAP
within the CTEPH population. This result is in agreement
with that published by Rahaghi et al,> who reported that the
volume of small vessels with cross-sectional area <5 mm?,
assessed by a 3D reconstruction of the intraparenchymal
pulmonary vasculature, was not correlated with mPAP, but
with cardiac index.

With respect to PFT parameters, as expected, we found
marked differences between COPD and the other groups. It
should be noted that three severe iPAH patients presented a
mild restrictive defect, assessed by a total lung capacity lower
than 80% of predicted, as previously reported by others.?
Indeed, it has been hypothesized that, in iPAH, the mechanical
coupling of vessels and airways with changes in vascular rigid-
ity could lead to a reduction in lung compliance.?**” Moreover,
we did not observe any correlation between mPAP and PFT
parameters in both COPD and iPAH groups, as already shown
in previous studies.®!*??” Regarding the relationship between
PFT and mPAP in CTEPH, to the best of our knowledge, the
lack of correlations between these parameters has not been
reported before. However, we found a significant correlation
between mPAP and TLCO in patients with severe CTEPH.
Although hypoxia was believed to be a factor causing PH, '
in agreement with numerous studies, no significant correlation
has been reported between PaO, and mPAP within COPD
group of severe PH** and iPAH.? In the present study, the
significant difference shown between COPD and iPAH groups
is consistent with Chaouat et al’s report, in which COPD
patients with severe PH showed severe hypoxia whereas
patients with severe iPAH had only mild hypoxia.®*2

Regarding quantitative CT parameters, there is a
renewed interest in the identification and evaluation of
COPD phenotypes, and pulmonary imaging biomarkers
may contribute to determine these phenotypes. CT has
several advantages in this field, being the most commonly
used method for imaging the lung on one side, and, on the
other side, being able to provide quantitative data related
to alterations of components of the lung, ie, parenchyma,
bronchi, and vascular compartments. In the particular set-
ting of COPD, a close relationship between pulmonary
arterial pressure and bronchial wall thickening has already
been shown.!! Quantitative CT data derived from small
vessels analysis have also suggested that a vascular altera-
tion is more likely to explain severe PH in COPD rather
than an airway disease.** The role of both bronchial and
small vessel alteration in the prediction of severe PH in
COPD patients is supported by our univariate analysis.
Using quantitative CT, a previous hypothesis that only

tissue destruction and emphysema extent could lead to
the increase of mPAP in COPD patients has already been
disproved by recent studies.®!! The present study confirms
these results, since there was no correlation between mPAP
and emphysema extent.

In this study, we found that a score combining PaO, and
both bronchial and vascular quantitative CT parameters, ie,
the so-called “paw score” had a greater sensitivity for detect-
ing severe PH in COPD patients. Interestingly, although the
specificity of the “paw score” cannot be calculated, since true
negatives and false positives were not available, its sensitivity
was significantly higher in COPD than in iPAH and CTEPH
groups, further supporting the interest of calculating the “paw
score” in COPD patients only. These differences might be
related to different morphological and functional alterations
of bronchial and vascular components in other groups.

Other non-interventional study, ie, echocardiography, is
currently used to explore PH. Indeed, in the present study,
we observed that the sensitivity to detect severe PH in COPD
group was higher with “paw score” than that with sPAP.
Conversely, we showed that the sensitivity to detect severe
PH with “paw score” was lower than that of sPAP, in iPAH
or CTEPH patients. Indeed, ultrasound echocardiography is a
very useful tool to detect PH. However, it suffers some limi-
tation such as, insufficient tricuspid regurgitation prevents
sPAP estimation, explaining some missing values, and in
COPD patients hyperinflated lung can increase the difficulty
of measurement.*® These observations might suggest that
echocardiography should be preferred to detect severe PH
in iPAH and CTEPH patients, whereas “paw score” should
be preferred in COPD patients.

The present study suffers from some limitations. First, the
study design was observational and retrospective. However,
1) all consecutive patients were characterized using the same
processes during the whole inclusion period; 2) the defini-
tion of severe PH (ie, mPAP =35 mmHg) was the same for
the three groups; and 3) CT scans have been acquired and
analyzed consistently in the three groups. Second, since
severe PH is uncommon, the number of patients in each group
was limited. Third, considering small vessel measurements,
veins cannot be distinguished from arteries using CT scan.
The study, however, was limited to precapillary PH at RHC.
Fourth, %CSA _, is a global measurement area, irrespec-
tive of wall and lumen changes in the vessel, thus making
impossible the distinction between lumen narrowing and
vessel wall thickening. Finally, a multivariate analysis has
not been performed since it would have been underpowered
by the low number of patient in each group.
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Conclusion

We demonstrated that the “paw score” (ie, combination of
quantitative CT measurements of both bronchial thickness
and vascular alterations with PaO,) can predict the pres-
ence of severe PH, in COPD patients only. Thus, the “paw
score” is not appropriate to predict PH severity in iPAH
or in CTEPH patients. Therefore, quantitative CT may be
used to select among patients with COPD, who should be
prioritized for RHC.

Data availability

The datasets used and/or analyzed during the current study
are available from the corresponding author on reasonable
request.
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