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ABSTRACT

Background and objective: Clinical presentations asso-
ciated with chronic thromboembolic pulmonary hyper-
tension (CTEPH) and pulmonary arterial hypertension
(PAH) at rest are highly similar. Differentiating between
CTEPH and PAH using non-invasive techniques remains
challenging. Thus, we examined whether analysis of
ventilatory gas in response to postural changes can be
useful as a non-invasive screening method for pulmo-
nary hypertension (PH), and help differentiate CTEPH
from PAH.

Methods: We prospectively enrolled 90 patients with
suspected PH and performed right heart catheteriza-
tion, ventilation/perfusion scan and ventilatory gas
analysis. Various pulmonary function parameters were
examined in the supine and sitting postures, and pos-
tural changes were calculated (A(supine — sitting)).
Results: In total, 25 patients with newly diagnosed PAH,
40 patients with newly diagnosed CTEPH and 25 non-
PH patients were included. AEnd-tidal CO, pressure
(P¢rCO,) was significantly lower in patients with CTEPH
and PAH than in non-PH patients (both P < 0.001).
APprCO, < 0 mm Hg could effectively differentiate PH
from non-PH (area under the curve (AUC) = 0.969, sen-
sitivity = 89%, specificity = 100%). Postural change from
sitting to supine significantly increased the ratio of ven-
tilation to CO, production (VE/VCO,) in the CTEPH
group (P < 0.001). By contrast, VE/VCO, significantly
decreased in the PAH group (P = 0.001). Notably,
CTEPH presented with higher AVE/VCO, than PAH,
although no  differences were observed in
haemodynamic and echocardiographic parameters
between the two groups (P < 0.001). Furthermore,
AVE/VCO, > 0.8 could effectively differentiate CTEPH
from PAH (AUC = 0.849, sensitivity = 78%,
specificity = 88%).

Conclusion: Postural changes in ventilatory gas analysis
are useful as a non-invasive bedside evaluation to
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SUMMARY AT A GLANCE

Differentiating between chronic thromboembolic
pulmonary hypertension (CTEPH) and pulmonary
arterial hypertension (PAH) using non-invasive
techniques remains challenging. Ventilatory gas
analysis in different postures is a useful, non-
invasive bedside method to screen for the presence
of pulmonary hypertension (PH) and distinguish
between CTEPH and PAH.

screen for the presence of PH and distinguish between
CTEPH and PAH.

Key words: cardiovascular diseases, pulmonary circulation,
pulmonary hypertension, pulmonary ventilation, pulmonary gas
exchange.

INTRODUCTION

Pulmonary hypertension (PH) has a poor prognosis due
to increased pulmonary arterial pressure (PAP), which
causes progressive right heart failure.’* Chronic throm-
boembolic PH (CTEPH) and pulmonary arterial hyper-
tension (PAH) are two subtypes of PH. CTEPH is
characterized by organic thrombotic obstructions of
pulmonary arteries, which reduce pulmonary vascular
reserve.* Recently, balloon pulmonary angioplasty has
been reported to improve long-term prognosis and
respiratory function in patients with inoperable CTEPH;
thus, CTEPH treatment has entered a new era.>® CTEPH
is the only potentially curable type of PH.” As new ther-
apies are developed for CTEPH and PAH, screening for
the presence of PH, prompt diagnosis and distinction
between CTEPH and PAH have become increasingly
important. Although their pathophysiology differs, the
clinical presentation of CTEPH is similar to that of PAH;
both disorders have non-specific symptoms. The diag-
nosis of CTEPH is based on the presence of PH
established by right heart catheterization (RHC), mis-
matched perfusion defects on ventilation/perfusion
(V/Q) scan and specific diagnostic signs of CTEPH on
multidetector computed tomography (CT) angiography,
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magnetic resonance imaging or conventional pulmo-
nary cineangiography.®> However, these examinations
are invasive or associated with substantial patient bur-
den. Therefore, the non-invasive differentiation between
CTEPH and PAH still remains challenging.

Generally, postural change from sitting to supine
improves the V/Q mismatch because of pulmonary per-
fusion redistribution, reflecting functional pulmonary
vascular reserves.” Meanwhile, decreased pulmonary
vascular reserve leads to the attenuation of the redistri-
bution of pulmonary perfusion through postural
change.* The degree of perfusion redistribution with pos-
tural change is correlated with PH severity.® Moreover,
non-invasive measurement of end-tidal CO, pressure
(PgrCO,) reflects pulmonary blood flow and V/Q mis-
match.'>"" Cardiopulmonary exercise testing with venti-
latory gas analysis could not only detect CTEPH despite
normal echocardiography, but also discriminate PAH
and CTEPH from differences in ventilation efficiency.'*"*
Therefore, combining measures of postural changes in
ventilatory gas analysis parameters could be another
useful non-invasive method to screen for the presence of
PH and differentiate PAH from CTEPH.

Thus, we examined whether postural changes in
ventilatory gas analysis are useful in developing a non-
invasive bedside screening method for the presence of
PH and distinguishing between PAH and CTEPH.

METHODS

Study subjects

Patients with suspected PH were prospectively enrolled
from September 2015 to June 2018. In total, 25 patients
with newly diagnosed PAH, 40 patients with newly diag-
nosed CTEPH and 25 non-PH patients were included.
Diagnoses were based on published clinical guidelines.®
Non-PH patients are those with suspected PH but with
normal mean PAP (mPAP) values (i.e. <25 mm Hg).
Patients with other PH forms, respiratory disease, a con-
stant need for supplemental oxygen or oxygen satura-
tion (SpO,) <85% in ambient air were excluded. We
performed RHC, echocardiography and ventilatory gas
analysis, with patients in the sitting and supine posi-
tions, within 3 days before or after RHC.

This study was performed according to the principles
of the Declaration of Helsinki. The study protocol
(No. 2016-1-254) was approved by the ethics commit-
tee of Tohoku University Graduate School of Medicine.
All patients provided written informed consent.

Right heart catheterization

RHC was performed with a 6-Fr Swan-Ganz catheter
(Edwards Lifesciences, Irvine, CA, USA) in the supine posi-
tion. We measured the mPAP, pulmonary vascular resis-
tance and cardiac output with the indirect Fick method,
which was corrected for body surface area (cardiac index).
Upon diagnosis, no patients had intracardiac shunt.

We measured arterial oxygen (O,) partial pressure
(Pa0,) in the artery and pulmonary artery; blood gas
analyses were performed using arterial and pulmonary
arterial blood samples obtained during RHC in room air.
To calculate intrapulmonary shunt, O, was given with a
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reservoir mask at 10 L/min for 5 min.'® To minimize the
influence of variation in arterial O, saturation (SaO,) on
the intrapulmonary shunt, we used intrapulmonary
shunt during O, administration. Thereafter, we per-
formed blood gas analyses again to obtain
intrapulmonary shunt, which was calculated as follows'®:

Qs/Qt = (CcO, — Ca0,)/(CcO, — CvOy).

Qs represents the shunt flow, Qt systemic blood flow,
CcO, pulmonary capillary O, content, CaO, arterial O,
content and CvO, represents the mixed venous O, con-
tent. Moreover,

CCOZ - CaOz = Hb x 1.36 (1 - SaOZ) + 0.0031 (PA02
— Pa0,).

CCOZ - Ca02 = Hb x 1.36 (1 - SVOz) + 0.0031 (PAOZ
= Py0y).

where Hb represents haemoglobin (g/dL), SvO, mixed
venous O, saturation, P,O, alveolar O, partial pressure
and PvO, represents the mixed venous O, partial pressure.

Ventilatory gas analysis and

echocardiography

Ventilatory gas analysis was performed with an expired
gas analyser (AE-100i, Minato Ikagaku, Osaka, Japan)
in the sitting and supine positions. Ventilatory gas
parameters, including minute ventilation, tidal volume,
respiratory rate, oxygen uptake, carbon dioxide output
and PgrCO,, were measured continuously with a
breath-by-breath method. From these data, derived
variables, including ratio of ventilation to CO, produc-
tion (VE/VCO,), were calculated. SpO, was measured
continuously using pulse oximetry.

Patients wear the mask, and ventilatory gas analysis
data on 5-min sitting position followed by 5-min
supine position were continuously recorded. Patients
were instructed to maintain normal tidal breathing dur-
ing the analysis. After 5-min recording for each posi-
tion, ventilatory gas analysis values of the mean of the
recording at the last 1 min at each position were calcu-
lated. Differences in ventilatory gas analysis parameters
between the sitting and supine positions were defined
as follows: (A(supine — sitting)).

Subjects underwent a standard echocardiographic
examination according to the American Society of
Echocardiography and European Association of Echo-
cardiography recommendations.'”*®* Echocardiographic
parameters, including ejection fractions, right ventricu-
lar fractional area change (RVFAC), tricuspid valve
regurgitation pressure gradient (TRPG) and tricuspid
annular plane systolic excursion, were measured.

Statistical analysis

Results are expressed as means + SD. Statistical analy-
sis was performed using SPSS ver. 21 (IBM Corp.,
Armonk, NY, USA). Differences among groups were
compared using one-way analysis of variance followed
by a Bonferroni test. Postural changes in ventilatory gas
parameters were examined using a repeated-measures
analysis of variance with postural change as a within-
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subject effect and group as a between-subject effect.
Bonferroni test was employed for post hoc analysis
when significant differences were found. The associa-
tion between haemodynamics and ventilatory gas
parameters was determined using Spearman’s correla-
tions. To assess the utility of ventilatory gas analysis for
PH and CTEPH prediction, receiver operating charac-
teristic (ROC) curves were generated. A two-sided
P < 0.05 was considered statistically significant.

RESULTS

Baseline characteristics
We prospectively enrolled 90 patients with suspected

3

congenital heart disease (rn = 1) and porto-PH (n = 1).
The non-PH group consisted of patients with dyspnoea
and abnormal echocardiographic parameters. Some
patients had connective tissue disease (n = 13/25) and
pulmonary embolism (n = 2/25).

PAH patients were younger than CTEPH patients
(P<0.001). No significant differences in the
haemodynamic and echocardiographic parameters
between the PAH and CTEPH groups were found.
Intrapulmonary shunt in CTEPH was significantly
higher than that in PAH (P < 0.001). The PAH group
had lower % diffusing capacity of the lung for carbon
monoxide (DL¢g) than the non-PH and CTEPH groups
(P =0.010 and P < 0.001, respectively).

PH. Diagnoses included PAH (n = 25), CTEPH (n = 40)
and non-PH (n = 25). Baseline characteristics and
haemodynamic parameters are shown in Table 1. The
25 PAH cases included idiopathic PAH (n = 14) and
PAH associated with connective tissue disease (n = 9),

Table 1 Baseline characteristics of enrolled patients

Ventilatory gas parameters in sitting and

supine positions

Sitting and supine PgrCO, differed significantly among

the groups (all P <0.001).

PerCO,  significantly

Non-PH PAH CTEPH
Characteristics (n=25) (n=25) (n = 40)
Female : male (n) 23:2 22:3 36:4
Age (years) 62.3 + 16.0 49.7 + 20.4* 66.6 + 12.8%#x*
mPAP (mm Hg) 18.0 + 3.5 44.0 & 14.0%* 38.6 4 9.3
PVR (dyne/s/cm?®) 155 + 56 753 + 374%* 715 4 310%*
CO (mL/min) 4.05 + 1.09 342 +1.21 3.27 + 1.00*
Cl (L/min/m?) 2.76 = 0.68 2.31 £ 0.73* 2.16 £ 0.54%*
SvO; (%) 71.7 £5.1 64.1 4 8.3%* 61.4 £+ 7.3%%*
PvO, (mm Hg) 40.6 + 3.4 36.5 & 4.9%* 34.3 £+ 3.5%*
Sa0, (%) 959+ 24 92.6 + 3.6%* 88.8 4 4 Gk
PaO, (mm Hg) 86.0 = 11.6 67.9 & 9.5%* 57.1 & 10.2%x5%%
PaCO, (mm Hg) 39.6 £ 3.0 35.8 & 4.0%* 36.0 &£ 5.1%#*
Intrapulmonary shunt (%) 13.8 £5.5 21.6 &+ 6.6%* 30.0 4 9. 2%k
EF (%) 64.2 +12.6 70.7 +£ 9.1 69.8 + 8.0
RVFAC (%) 42.2 + 8.3 25.4 £+ 10.0%* 27.6 £ 9.1%%
TAPSE (mm) 21.3+45 18.3 £ 5.1 18.0 & 4.1*
TRPG (mm Hg) 33.6 £11.2 69.4 & 26.1%* 69.4 + 28.2%*
%DLco 83.2+ 245 62.1 + 19.0* 92.4 + 23.3%%**
6MWD (m) b21 + 97 398 + 126%* 366 + 126%*
Sitting VE (L/min) 8.7+1.8 9.8+ 2.6 10.2 4 1.9%*
Supine VE (L/min) 8.3+2.0 9.4+1.9 10.3 4 1.7%*
Sitting RR (f/min) 17.9 £ 4.7 18.8 + 5.6 16.0 £+ 4.4
Supine RR (f/min) 15.1 +£ 4.1 17.7 + 4.5 16.9 +£5.0
Sitting PetCO, (mm Hg) 356.2 4+ 3.1 31.5 & 3.4%* 29.5 £ 2.9k
Supine PgrCO, (mm Hg) 375+34 31.2 £ 3.6%* 28.0 £ 3.0k wwsk
Sitting VE/VCO, 49.2 + 9.3 54.6 + 10.0 53.8 + 8.1
Supine VE/VCO, 43.2 + 8.3 51.8 + 9.0** 57.3 £ 9.7%*
Sitting SpO, (%) 96.3+ 2.0 94.1 £ 2.7%* 94.2 £ 2.6%*
Supine SpO, (%) 96.4 + 2.3 944424 92.5 4 3.Gotekeskototon

*P < 0.05 versus non-PH; #**P < 0.01 versus non-PH; ***P < 0.05 versus PAH; ****P < 0.01 versus PAH.
Values are expressed as mean + SD.

6MWD, 6-min walk distance; Cl, cardiac index; CO, cardiac output; CTEPH, chronic thromboembolic PH; DL¢o, diffusing capacity of
the lung for carbon monoxide; EF, ejection fraction; mPAP, mean pulmonary arterial pressure; PaCO,, arterial CO, partial pressure;
PAH, pulmonary arterial hypertension; PaO,, arterial O, partial pressure; PetCO,, end-tidal CO, pressure; PH, pulmonary hypertension;
PvO,, mixed venous O, partial pressure; PVR, pulmonary vascular resistance; RR, respiratory rate; RVFAC, right ventricular fractional
area change; Sa0,, arterial O, saturation; SpO,, oxygen saturation; SvO,, mixed venous O, saturation; TAPSE, tricuspid annular plane
systolic excursion; TRPG, tricuspid valve regurgitation pressure gradient; VE, minute ventilation; VE/VCO,, ratio of ventilation to CO,

production.
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decreased with postural change in the CTEPH group
(P < 0.001), whereas no significant difference with pos-
tural change in the PAH group was observed
(P = 0.193). Moreover, PrCO, significantly increased
with postural change in the non-PH group (P < 0.001).
APgCO, significantly differed among the three groups
(all P < 0.001) (Fig. 1A).

CTEPH and PAH groups presented higher supine
VE/VCO, than the non-PH group (P<0.001 and
P = 0.004, respectively). VE/VCO, significantly
increased with postural change in the CTEPH group
(P<0.001). By contrast, VE/VCO, significantly
decreased in the non-PH and PAH groups (both
P <0.001). AVE/VCO, was comparable between the
non-PH and PAH groups. However, AVE/VCO, in
CTEPH was significantly different from that in the other
two groups (Fig. 1B).

The CTEPH group had lower supine SpO, than the
non-PH and PAH groups (P <0.001 and P = 0.029,
respectively). Moreover, SpO, significantly decreased
with postural change in the CTEPH group (P < 0.001),
whereas no significant difference was found during
postural change in the non-PH and PAH groups
(P =0.543 and P = 0.488, respectively).

Intrapulmonary shunt was correlated with mPAP
(R* = 0.197, P <0.001) (Fig. 2). A significant negative
correlation between intrapulmonary shunt and sitting
PerCO, (R®* = 0.197, P<0.001) and supine PyrCO,
(R* = 0.282, P <0.001), and between intrapulmonary
shunt and APgCO, (R® = 0.166, P < 0.001) was found
(Fig. 3A,B). Moreover, significant positive correlation
between intrapulmonary shunt and supine VE/VCO,
(R? = 0.134, P<0.001) and AVE/VCO, (R* = 0.166,
P < 0.001) was noted (Fig. 3C,D). A significant negative
correlation between intrapulmonary shunt and sitting
Sp0O, (R®* = 0.100, P = 0.003) and supine SpO,
(R* = 0.197, P <0.001), and between intrapulmonary
shunt and ASpO, (R* = 0.132, P < 0.001) was found.

Ventilatory gas analysis parameters for
discriminating PH from non-PH

An ROC curve was generated to evaluate the ability of
ventilatory gas parameters to distinguish between the
non-PH and PH groups (i.e. PAH and CTEPH). Using
APp1CO,, the area under the curve (AUC) was 0.969
with 89% sensitivity and 100% specificity at an optimal
cut-off point of 0 mm Hg (P < 0.001) (Fig. 4A). Data for
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Intrapulmonary shunt

20 40 60 80 (mm Hg)

Figure 2 Correlation between mPAP and intrapulmonary shunt
(R? = 0.197, P<0.001). ®, Non-PH; ®, PAH; ®, CTEPH. CTEPH,
chronic thromboembolic PH; mPAP, mean pulmonary arterial
pressure; PAH, pulmonary arterial hypertension; PH, pulmonary
hypertension.

the area under the ROC curve for echocardiographic
parameters to distinguish between the non-PH and PH
groups were as follows: AUCtrpg = 0.894, P < 0.001
and AUCRVFAC = 0.925, P<0.001. APETCOZ was the
best predictor of PH.

Differences in ventilatory gas analysis

between PAH and CTEPH

Sitting and supine PgyCO, in CTEPH were significantly
lower than those in PAH (P = 0.031 and P = 0.001,
respectively) (Table 1). Moreover, CTEPH presented
with lower APgrCO, and higher AVE/VCO, than PAH,
although no differences in haemodynamic and echo-
cardiographic parameters between the two groups were
noted (P = 0.001 and P < 0.001, respectively) (Table 1,
Fig. 1). AVE/VCO, > 0.8 could effectively differentiate
CTEPH from PAH (AUC = 0.849, sensitivity = 78% and
specificity = 88%) (Fig. 4B).

DISCUSSION

The novel findings of this study are as follows:
(i) APgrCO, is useful to distinguish between PH and

(A) (B)
P<0.001 P <0.001
(mm Hg) T 1 20.01 T
6.0 P <0.001 P =0.001 P=10.073 P<0.001
[ 1l 1 [ 10 1
10.01
~N 3.07 ON
(o] (&)
Q > E Figure 1 Comparison of supine
o’ o £ o APg1CO, (A) and AVENCO, (B) by
< < e patient subgroups. CTEPH,
chronic thromboembolic PH; PAH,
~3.01 -10.01 . F—
pulmonary arterial hypertension;
PerCO,, end-tidal CO, pressure;
60 i ] i 2200 ‘ ‘ ‘ PH, pulmonary hypertension;
’ Non-PH PAH CTEPH ) Non-PH PAH CTEPH VENCO,, ratio of ventilation to
(n=25) (n=25) (n=40) (n=25) (n=25) (n=40)
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Figure 4 ROC curves of APgCO, 0.81 0.8
for discriminating non-PH versus
PH groups (AUC = 0.969, P<0.001) 2> ) > 1
(A) and AVENCO, for discriminat- > 08 s 06
ing PAH versus CTEPH groups ‘ﬁ ‘ﬁ
(AUC = 0.849, P<0.001) (B). AUC, G (41 g 041
area under the curve; CTEPH, »n - n -
chronic thromboembolic PH; PAH,
pulmonary arterial hypertension; 0.21 0.21
PerCO,, end-tidal CO, pressure;
PH, pulmonary hypertension; ROC, 00 0.0
receiver operating characteristic; . T J ! g . T g i i
VENCO,, ratio of ventilation to 0.0 0.2 0.4 06 0.8 1.0 0.0 0.2 0.4 06 0.8 1.0
CO, production. 1 - Specificity 1 - Specificity

non-PH and (ii) AVE/VCO, could effectively differenti-
ate CTEPH from PAH. To our knowledge, this is the
first study to demonstrate that ventilatory gas analysis
in different postures is a useful non-invasive bedside
evaluation to screen for the presence of PH and distin-
guish CTEPH from PAH.

Distinguishing between PH and non-PH

Increased resting PAP is a late marker of pulmonary
vascular disease because approximately half of the pul-
monary circulation must be obstructed before an
increase in resting PAP is detected.'®"** However, sev-
eral screening modalities are dependent on increased
PAP and thus fail with mild PAP increase at an early
stage of PH.**?** Cardiopulmonary exercise testing using
ventilator gas analysis is a useful diagnostic tool for
CTEPH detection in patients with suspected PH

Respirology (2019)

without abnormal echocardiography findings."* How-
ever, in exercise tests, clinicians may sometimes add
more load than expected in critically ill PH patients. A
previous study showed that quantifying the degree of
perfusion redistribution through postural change with
single-photon emission CT/CT may be useful for the
assessment of functional pulmonary vascular reserve,
and the results may correlate well with disease sever-
ity.® Compared with the evaluation of parameters in
only one posture, the posture change method is supe-
rior in discriminating between normal values and PH.’
Postural change from sitting to supine position usu-
ally improves V/Q mismatch because of pulmonary
vascular reserve and increased functional pulmonary
blood flow (Fig. 5).*2” These changes result in
increased PyrCO, and decreased VE/VCO,. In this
study, PgrCO, significantly increased and VE/VCO, sig-
nificantly decreased with postural change in the non-
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Figure 5 Schematic diagram of the changes in V/Q mismatch
and ventilatory gas parameters by postural changes. PetCO,,
end-tidal CO, pressure, VE/VCO,, ratio of ventilation to CO, pro-
duction, V/Q, ventilation/perfusion.

Pulmonary vascular reserve

PH group. Moreover, APrCO, was significantly lower
in the CTEPH and PAH groups than in the non-PH
group (both P<0.0001) (Fig. 2). Furthermore,
APp1CO;, < 0 mm Hg could effectively differentiate PH
from non-PH (Fig. 4A). This finding shows that a low
APg1CO, may be a useful non-invasive marker to eval-
uate the presence of PH.

Differentiating CTEPH from PAH

Several studies showed significant differences in exer-
cise gas exchanges between PAH and CTEPH.'>'>*®
Scheidl et al. reported that capillary to end-tidal carbon
dioxide gradients indicating heterogeneous pulmonary
perfusion may help distinguish CTEPH from PAH
based on resting and exercise values.”

In this study, different changes in ventilatory gas
parameters by postural change between CTEPH and
PAH patients could be explained by the more pro-
nounced intrapulmonary shunt in CTEPH. CTEPH is
known to have intrapulmonary shunts where shunt
flow via pre-existing arteriovenous anastomosis is
increased by elevated PAP.****> Moreover, the total area
of the bronchial artery is significantly greater in CTEPH
than in PAH.*?** In our study, intrapulmonary shunt
increased as mPAP increased, greater in CTEPH than
in PAH, and correlated with mPAP (Table 1, Fig. 2).

Intrapulmonary shunt could result in lower PrCO, and
higher VE/VCO, values.*® Moreover, the effects of
intrapulmonary shunts on pulmonary circulation and gas
exchange are made apparent by posture change.* In this
study, postural change from sitting to supine significantly
decreased PpCO, and increased VE/VCO, in the CTEPH
group. However, PgrCO, remained unchanged and
VE/VCO, significantly decreased in the PAH group. More-
over, various ventilatory gas parameters were correlated
with intrapulmonary shunt (Fig. 3). Notably, these parame-
ters were significantly different between the PAH and
CTEPH groups, whereas the haemodynamic and echocar-
diographic parameters were comparable between these
groups (Table 1, Fig. 1). Furthermore, AVE/VCO, could
effectively differentiate CTEPH from PAH (Fig. 4B). A
posture-induced increase in intrapulmonary shunt that
occurs during supine helps decrease PgrCO, and increase
VE/VCO,, and leads to a difference in the ventilatory gas

© 2019 Asian Pacific Society of Respirology
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analysis parameters with postural change by
intrapulmonary shunt amount. Moreover, these changes
were more prominent in CTEPH, which has greater
intrapulmonary shunt than in PAH.

Utility of the ventilatory gas analysis with
postural change

In summary, patients with APgrCO, < 0 mm Hg would
likely have PH and those with AVE/VCO, > 0.8 are
classified as patients with suspected CTEPH. The pre-
sent postural change method is easy to perform at bed-
side, safe and feasible in clinical practice. Thus, this
method may be a useful non-invasive bedside strategy
to screen for the presence of PH and distinguish
CTEPH from PAH.

Study limitations

This study has several limitations. First, this is a single-
centre study with a relatively small sample size. Thus, the
non-PH group included patients who had a history of
pulmonary embolism and were not fully characterized.
Moreover, patients with chronic thromboembolic disease
with persistent pulmonary thromboembolic occlusions
with near-normal pulmonary haemodynamics at rest
experience breathlessness and low PgrCO, during exer-
cise.*”*® However, showing the differences between PH
and non-PH with suspected PH is of even greater value.
With this, the findings need to be confirmed in future
multicentre studies with a large sample. Second, we failed
to evaluate patients with severe hypoxaemia requiring
persistent oxygen supplementation at rest. Third, we did
not directly measure intrapulmonary shunt change in sit-
ting and supine positions using blood gas analysis.
Fourth, the CTEPH group is naturally significantly older
than the PAH group. As reported, VE/VCO, is affected by
age.® Thus, age difference might have affected our
results. Finally, we did not examine the presence of pat-
ent foramen ovale (PFO) that occasionally induces
hypoxaemia by postural change. The reported PFO preva-
lence among PAH patients is 27%.* Although not all PFO
patients show hypoxaemia by postural change, those with
PFO might affect the results of the present study.

In conclusion, ventilatory gas analysis in different pos-
tures is a useful non-invasive method to screen for the
presence of PH and distinguish CTEPH from PAH. This
novel method may have important clinical applications,
such as being an initial step in the diagnosis of CTEPH.
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