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Single-center prognostic validation of the risk assessment of
the 2015 ESC/ERS guidelines in patients with pulmonary
arterial hypertension in Japan1

Ryo Imai, Shiro Adachi, Masahiro Yoshida, Shigetake Shimokata, Yoshihisa Nakano, Naoki Okumura,
Toyoaki Murohara, and Takahisa Kondo

Abstract: The 2015 European Society of Cardiology/European Respiratory Society guidelines for the diagnosis and treatment of
pulmonary hypertension include a multidimensional risk assessment for patients with pulmonary arterial hypertension (PAH).
However, prognostic validations of this risk assessment are limited, especially outside Europe. Here, we validated the risk
assessment strategy in PAH patients in our institution in Japan. Eighty consecutive PAH patients who underwent right heart
catheterization between November 2006 and December 2018 were analyzed. Patients were classified as low, intermediate, or
high risk by using a simplified version of the risk assessment that included seven variables: World Health Organization
functional class, 6-min walking distance, peak oxygen consumption, brain natriuretic peptide, right atrial pressure, mixed
venous oxygen saturation, and cardiac index. The high-risk group showed significantly higher mortality than the low- or
intermediate-risk group at baseline (P < 0.001 for both comparisons), and the mortalities in the intermediate- and low-risk groups
were both low (P = 0.989). At follow-up, patients who improved to or maintained a low-risk status showed better survival than
those who did not (P = 0.041). Our data suggest that this risk assessment can predict higher mortality risk and long-term survival
in PAH patients in Japan.
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Résumé : Les lignes directrices des Société européenne de cardiologie/European Respiratory Society quant au diagnostic et au
traitement de l’hypertension pulmonaire comprennent une évaluation multidimensionnelle du risque pour les patients atteints
d’hypertension artérielle pulmonaire (HAP). Cependant les validations du pronostic pour cette évaluation du risque présentent
des limites, en particulier en dehors de l’Europe. Nous avons ici validé la stratégie d’évaluation du risque chez des patients
atteints d’HAP dans notre établissement au Japon. Nous avons étudié 80 patients atteints d’HAP consécutifs sur lesquels a été
réalisé un cathétérisme du cœur droit entre novembre 2006 et décembre 2018. Nous avons classé les patients selon des risques
faible, intermédiaire ou élevé à l’aide d’une version simplifiée de l’évaluation du risque comprenant sept variables : classe
fonctionnelle de l’Organisation mondiale de la santé, distance de marche pendant 6 min, consommation d’oxygène de pointe,
peptide natriurétique cérébral, pression dans l’atrium droit, saturation veineuse mixte en oxygène et indice cardiaque. Le
groupe exposé à un risque élevé a présenté un taux de mortalité nettement plus élevé que les groupes exposés à un risque faible
ou intermédiaire (P < 0,001 pour les deux comparaisons), et les taux de mortalité dans les groupes exposés à des risques
intermédiaire et faible étaient tous deux peu élevés (P = 0,989). Au suivi, les patients dont le risque auquel ils étaient exposés
devenait faible ou demeurait à ce stade présentaient un meilleur taux de survie que les autres (P = 0,041). Nos données laissent
entendre que cette évaluation du risque pourrait prédire un risque de mortalité plus élevé, ainsi que le taux de survie à long
terme chez des patients atteint d’HAP au Japon. [Traduit par la Rédaction]

Mots-clés : hypertension artérielle pulmonaire, lignes directrices des SEC/ERS, évaluation du risque, taux de mortalité, Japon.

Introduction
Although pulmonary arterial hypertension (PAH) is a progres-

sive life-threatening disease, prognosis has improved with the
development of PAH-specific therapy targeting the endothelin,
nitric oxide, and prostacyclin pathways (Kondo et al. 2019). Today,
there are many treatment choices available and physicians must
select the most appropriate strategy for a patient, with choices
including whether to use mono- or combination therapy and
whether to use oral and (or) intravenous drugs. To help in the

decision-making process, a multidimensional risk assessment for
PAH was proposed in the 2015 European Society of Cardiology
(ESC)/European Respiratory Society (ERS) guidelines for the diag-
nosis and treatment of pulmonary hypertension, in which reach-
ing a low-risk status is a recommended treatment goal (Galie et al.
2016). The variables in the risk assessment include clinical symp-
toms, exercise tolerance status, right ventricular function, and
hemodynamic parameters. Recently, the risk assessment strategy
was retrospectively validated using European registries and was
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reported to provide an accurate prediction of mortality and the
clinical advantage of reaching low-risk status (Boucly et al. 2017;
Hoeper et al. 2017; Kylhammar et al. 2018). However, the risk
assessment strategy has not yet been fully validated in Japanese
PAH patients. Here, we retrospectively validated the risk assess-
ment and explored the prognostic impact of achieving low-risk
status in PAH patients in our institution.

Methods
We undertook a retrospective review of PAH patients who un-

derwent right heart catheterization (RHC) at Nagoya University
Hospital (Nagoya, Japan) between November 2006 and December
2018. We enrolled all PAH patients including treatment-naïve
cases. Patients were classified as idiopathic/heritable PAH (I/HPAH),
connective tissue disease-associated PAH (CTD-PAH), congenital
heart disease-associated PAH (CHD-PAH), portopulmonary hyper-
tension (PoPH), or drug-associated PAH (DPAH). PAH and the asso-
ciated etiology were diagnosed according to the 2017 Japanese
Guidelines for the treatment of pulmonary hypertension (Fukuda
et al. 2019).

Of the variables used in the 2015 ESC/ERS risk stratification, we
used only the following seven: World Health Organization func-
tional class (WHO FC), 6 min walking distance (6MWD), peak
oxygen consumption (peak VO2), brain natriuretic peptide (BNP),
right atrial pressure (RAP), mixed venous oxygen saturation
(SvO2), and cardiac index (CI). To simplify the evaluation, clinical
signs of right heart failure, progression of symptoms, syncope,
and imaging data were not assessed. CI was measured by the
thermodilution technique.

For each patient, each variable was assigned a score of 1 (low
risk), 2 (intermediate risk), or 3 (high risk) based on predefined
cut-off values (Table 1). To assess “exercise tolerance”, we used the
worst score of 6MWD and peak VO2 when data for both tests were
available. When neither the 6 min walk test nor the cardiopulmo-
nary exercise test could be performed due to exercise intolerance,
a score of 3 was assigned. Similarly, to assess “circulatory dynam-
ics”, we used the worst score of SvO2 and CI. Thus, each patient
was assigned scores for a maximum of five variables (Table 1).
Then, the sum of the scores was divided by the number of avail-
able variables and rounded to the nearest integer and patients
were classified as low, intermediate, or high risk according to the
mean score (1, low risk; 2, intermediate risk; 3, high risk).

The risk assessment was performed a maximum of two times
for each patient: first at baseline when the first RHC was per-
formed at our institution and again at follow-up at between
3 months and 2 years after the baseline assessment when the
patient was reevaluated and a second RHC was performed.

All statistical analyses were performed by using IBM SPSS Sta-
tistics 26 (IBM Corporation, Armonk, New York, USA). Continuous
variables are presented as mean ± standard deviation or median
with the interquartile range (IQR), as appropriate. Categorical
variables are presented as a count and (or) as a percentage. Sur-
vival analysis was assessed by Kaplan–Meier analysis with the log-
rank test, truncated at 5 years. Survival was compared between
the low-, intermediate-, and high-risk groups at baseline and be-
tween the low-risk group and a composite group comprising the
intermediate- and high-risk groups at follow-up. To evaluate the
differences between the patients that had improved to low-risk
status at follow-up and those that had not, the paired t test, Mann–
Whitney U test, �2 test, and Fisher’s exact test were used. Hazard
ratios with 95% confidence intervals were determined. In all anal-
yses, P < 0.05 was considered statistically significant.

This study was approved by the ethics committee of Nagoya
University Hospital (No. 2016-0372). Informed consent was ob-
tained by allowing subjects to opt out of the study; no patient
opted out in this study.

Results

Patients and risk assessment at baseline
Eighty patients with PAH (I/HPAH = 29, CTD-PAH = 29, CHD-PAH = 10,

PoPH = 9, DPAH = 3) were enrolled, which included 55 treatment-
naïve patients. The median (IQR) observation period was 29 (14–61)
months in the overall population and 35 (14–60) months in the
treatment-naïve subpopulation.

Table 2 shows the characteristics of the overall population and
the treatment-naïve subpopulation at baseline. All patients under-

Table 1. Variables evaluated in the risk assessment and their cut-off
values.

Low
risk

Intermediate
risk

High
risk

1. WHO FC I/II III IV
2. Exercise tolerance

6MWD (m) >440 165−440 <165
Peak VO2 (mL·min−1·kg−1) >15 11−15 <11

3. BNP (ng/L) <50 50−300 >300
4. RAP (mm Hg) <8 8−14 >14
5. Circulatory dynamics

SvO2 (%) >65 60−65 <60
CI (L·min−1·m−2) ≥2.5 2.0−2.4 <2.0

Note: For exercise tolerance and circulatory dynamics, the worst score of the
two indicated variables was used. WHO FC, World Health Organization func-
tional class; 6MWD, 6 min walking distance; peak VO2, peak oxygen consump-
tion; BNP, brain natriuretic peptide; RAP, right atrial pressure; SvO2, mixed
venous oxygen saturation; CI, cardiac index.

Table 2. Characteristics of the overall population and treatment-
naïve subpopulation at baseline.

Overall
population
(n = 80)

Treatment-naïve
subpopulation
(n = 55)

Age (years) 48±18 51±17
Female 63 (79%) 44 (80%)
Etiology of PAH

I/HPAH 29 (36%) 15 (27%)
CTD-PAH 29 (36%) 23 (42%)
CHD-PAH 10 (13%) 8 (15%)
PoPH 9 (11%) 6 (11%)
Drug-induced PAH 3 (4%) 3 (5%)

WHO FC
I/II 31 (39%) 20 (36%)
III 41 (51%) 33 (60%)
IV 8 (10%) 2 (4%)

6MWD (m) 370±128 (n = 53) 363±129 (n = 38)
Peak VO2 (mL·min−1·kg−1) 14.0±4.7 (n = 57) 13.0±4.5 (n = 40)
BNP (ng/L) 75 (23−215) (n = 78) 76 (34−215) (n = 54)
Hemodynamics

RAP (mm Hg) 5.9±4.1 4.8±3.2
mPAP (mm Hg) 45±15 43±13
SvO2 (%) 64±9 65±8
CI (L·min−1·m−2) 2.9±0.9 2.7±0.8
PVR (WU) 8.9±5.3 9.2±5.3

Risk assessment
Low 30 (38%) 18 (33%)
Intermediate 44 (55%) 36 (65%)
High 6 (8%) 1 (2%)

Note: Data are presented as n (%), mean ± standard deviation, or median
(interquartile range). PAH, pulmonary arterial hypertension; I/H, idiopathic or
heritable; CTD, connective tissue disease; CHD, congenital heart disease; PoPH,
portopulmonary hypertension; WHO FC, World Health Organization functional
class; 6MWD, 6 min walking distance; peak VO2, peak oxygen consumption;
BNP, brain natriuretic peptide; RAP, right atrial pressure; mPAP, mean pulmo-
nary arterial pressure; SvO2, mixed venous oxygen saturation; CI, cardiac index;
PVR, pulmonary vascular resistance.
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went RHC, and we evaluated RAP, SvO2, and CI. BNP was mea-
sured in 78 (98%) patients. The 6 min walk test was performed in
53 (66%) patients in the overall population and 38 (69%) patients in
the treatment-naïve subpopulation and cardiopulmonary exer-
cise testing was performed in 57 (71%) and 40 (73%) patients, re-
spectively, and both tests were performed in 47 (59%) and 34 (62%)
patients, respectively. Ten and four patients, respectively, were
not able to undergo either test due to exercise intolerance at
baseline. Of the risk assessment variables examined, all five were
available in 73 (91%) patients, four were available in 6 (8%) pa-
tients, and three were available in 1 (1%) patient. Medication pro-
files at baseline are shown in Table S1.2 Seven patients in the
overall population and two patients in the treatment-naïve sub-
population were not treated with a PAH-specific medicine during
the whole observation period.

Figure 1 shows overall survival according to risk status at base-
line. During the observation period, nine patients died in the
overall population (Fig. 1A), four of whom were treatment-naïve
(Fig. 1B): two and zero in the low-risk group, three and three in the
intermediate-risk group, and four and one in the high-risk group,
respectively. Of the nine deaths, the most common cause was
right heart failure (six cases). No patient underwent lung trans-
plantation.

Kaplan–Meier analysis revealed significant differences in sur-
vival between the three risk groups. In the overall population,
there were significant differences between the low-risk group and
the high-risk group (P < 0.001) and between the intermediate-risk
group and the high-risk group (P < 0.001) but not between the
low-risk group and the intermediate-risk group (P = 0.989). The
same trend was observed for the treatment-naïve subpopulation
(P = 0.001, P = 0.006, and P = 0.211, respectively).

Patients and risk assessment at follow-up
Reevaluation and RHC at between 3 months and 2 years after

baseline was performed in 61 patients, which included 44 treatment-
naïve patients. The median (IQR) interval from baseline to reeval-
uation was 8 (5–12) months.

Patient characteristics at follow-up are shown in Table 3. All
patients underwent RHC, and BNP was measured in 59 (97%) pa-
tients. The 6 min walk test was performed in 43 (70%) patients in
the overall population and 33 (75%) patients in the treatment-
naïve subpopulation; cardiopulmonary exercise testing was per-
formed in 40 (66%) and 31 (70%) patients, respectively, and both
tests were performed in 34 (56%) and 27 (61%) patients, respec-
tively. Of the risk assessment variables examined, all five variables
were available in 48 (79%) patients and four were available in
13 (21%) patients. Medication profiles at follow-up are shown in
Table S2.2 Five patients received epoprostenol, an intravenous
prostacyclin analogue, at follow-up and the mean (± standard
deviation) dosage was 31.4 ± 17.9 ng·kg−1·min−1.

Figure 2 shows overall survival according to risk status at
follow-up. The high-risk group included only two patients, one of
which was treatment naïve. In the follow-up subjects, five patients
in the overall population had died (Fig. 2A) and three in the
treatment-naïve subpopulation had died (Fig. 2B) during the ob-
servation period: one and zero in the low-risk group and four and
three in the intermediate-risk group, respectively. Kaplan–Meier
analysis revealed that survival significantly differed between the
low-risk group and a composite of the intermediate- and high-risk
groups in the overall population (P = 0.041). A significant differ-
ence was also observed in the treatment-naïve subpopulation
(P = 0.030).

Finally, the treatment-naïve patients who had improved from
intermediate- or high-risk status to low-risk status (n = 13) or who
remained as intermediate- or high-risk status (n = 17) at follow-up
were compared (Table 4). At baseline, the clinical characteristics
between the two groups did not differ significantly. At follow-up,
12 (92%) patients in the improved group and 16 (94%) patients in
the unimproved group were being treated with PAH-specific med-
icines, with 10 (77%) and 10 (59%) patients, respectively, receiving
combination medical therapy. There was no significant difference
in the time from diagnosis to initiation of PAH-specific therapy
between the two groups (1 (0.5–1) versus 1 (1–60) days, P = 0.085).

2Supplementary data are available with the article through the journal Web site at http://nrcresearchpress.com/doi/suppl/10.1139/cjpp-2019-0640.

Fig. 1. Kaplan–Meier survival analysis based on risk status at baseline for the (A) overall population and (B) treatment-naïve subpopulation.
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On the other hand, combination medical therapy was initiated
significantly earlier in the improved group than in the unim-
proved group (59 ± 64 versus 121 ± 54 days, P = 0.028).

Discussion
Here, we retrospectively validated the risk stratification strat-

egy proposed in the 2015 ESC/ERS guidelines for the diagnosis and
treatment of pulmonary hypertension in a cohort of PAH patients
from an institution in Japan. Using a simplified version of the risk
assessment, we demonstrated that patients in the high-risk group
at baseline had significantly higher mortality than those in the
intermediate- and low-risk groups. It is notable that prognosis in
the intermediate-risk group at baseline was relatively good com-
pared with European reports and was comparable with that in
the low-risk group (Hoeper et al. 2017; Kylhammar et al. 2018).
Follow-up analysis revealed that patients who had achieved low-
risk status showed a better outcome. In addition, early initiation
of combination therapy was significantly associated with im-
provement to low-risk status in the intermediate- or high-risk
group.

The 2015 ESC/ERS risk assessment strategy has also been vali-
dated using European registries: Swedish PAH Registry (SPAHR),
Comparative, Prospective Registry of Newly Initiated Therapies
for Pulmonary Hypertension (COMPERA), and French Pulmonary
Hypertension Network (FPHN) (Boucly et al. 2017; Hoeper et al.
2017; Kylhammar et al. 2018). Those studies used two types of
simplified risk assessment: a score-and-average method or a low-
risk–focused method (Galie et al. 2019). It was reported that the
low-risk–focused method of the study using FPHN provided a

more accurate prediction of long-term survival than the score-
and-average method of the study using COMPERA (Hoeper et al.
2018). However, in this report, 23% of the patients in the original
study population were excluded with the low-risk-focused method
due to incomplete data sets. In contrast, score-and-average meth-
ods are able to assess almost all patients, even when not all of the
risk variables are available. Certainly, fewer variables makes for a
less accurate assessment, but the ability to assess almost all pa-
tients is a major advantage of that approach. In the present study,
we referred to the score-and-average method of the study using
COMPERA and partially modified that method to increase the
accuracy of prognostic prediction. With our method, we found
that the high-risk group showed the highest mortality. Further-
more, 5 year survival rates were 100% in the treatment-naïve pa-
tients in both the low-risk group at baseline and the group
achieving low-risk status at follow-up. Although the present study
included a relatively small number of patients, our results suggest
that our modified score-and-average method can predict those
patients who stand to achieve long-term survival with an accuracy
similar to that of low-risk-focused methods.

In the intermediate-risk group of the treatment-naïve subpop-
ulation, the 5 year mortality rate in our study was 12.3%, which is
much lower than that reported from studies using COMPERA
(48.1%) and SPAHR (48%) (Hoeper et al. 2017; Kylhammar et al.
2018). Even when we used the risk assessment method that was
used to validate COMPERA, we still obtained a low mortality rate
(12.5%). These differences in mortality rate may be a result of racial
or national differences between the populations in Japan and Eu-
rope, such as the characteristics of CTD-PAH (Condliffe et al. 2009;
Shirai et al. 2012). Or, they could be a result of differences in the
medical treatment strategies used. That is, in the intermediate-
risk patients of the treatment-naïve subpopulation, combination
medical therapy was initiated in 69% of patients at follow-up and
in 31% of patients within 3 months from diagnosis in our cohort,
whereas it was initiated in 40% and 14% of patients, respectively,
in a study using COMPERA (Hoeper et al. 2017). In addition, we
found that early initiation of combination therapy was associated
with achieving low-risk status at follow-up, which could also be an
underlying cause of the observed differences in mortality.

The early initiation of combination therapy at our institution is
likely a result of the characteristics of the Japanese healthcare
system; that is, all people in Japan are required to have health
insurance coverage, and personal payment for medical services is
covered by a universal health insurance system (Ikegami et al.
2011). Furthermore, some diseases including PAH are classified as
“intractable diseases”, and the associated medical services are
provided at almost no cost to the patient (Kanatani et al. 2017).
Therefore, almost all patients with PAH in Japan are able to re-
ceive the necessary medical therapy without excessive economic
burden, even when multiple PAH-specific drugs are indicated.
Indeed, a recent report of a multicenter registry for PAH from
Japan showed that combination therapy was initiated in 28.3%
of treatment-naïve PAH patients within 90 days after diagnosis
(Tamura et al. 2017); this finding is comparable with our present
finding.

Our study has some limitations. First, it was a retrospective
observational study; therefore, the interval between baseline and
reevaluation was not standardized. Also, because in some cases,
RHC was not reperformed between 3 months and 2 years after
baseline, our follow-up data were incomplete. Second, this was a
single-center study and the sample size was small. In particular,
there were few patients in the high-risk group, so we were unable
to fully investigate that group of patients. In addition, our study
showed that the prognosis in the intermediate-risk group at base-
line was comparable with that in the low-risk group, which may
suggest that modification of the ESC/ERS risk assessment is
needed for Japanese PAH patients to discriminate between the
two groups. Additional Japanese multicenter studies with larger

Table 3. Characteristics of the overall population and treatment-
naïve subpopulation at follow-up.

Overall
population
(n = 61)

Treatment-naïve
subpopulation
(n = 44)

Age (years) 47±17 49±16
Female 47 (77%) 35 (80%)
Etiology of PAH

I/HPAH 22 (36%) 13 (30%)
CTD-PAH 22 (36%) 17 (39%)
CHD-PAH 7 (11%) 6 (14%)
PoPH 7 (11%) 5 (11%)
Drug-induced PAH 3 (5%) 3 (7%)

WHO FC
I/II 39 (64%) 30 (68%)
III 21 (34%) 13 (30%)
IV 1 (2%) 1 (2%)

6MWD (m) 410±129 (n = 43) 408±133 (n = 33)
Peak VO2 (mL·min−1·kg−1) 15.2±4.6 (n = 40) 14.8±4.1 (n = 31)
BNP (ng/L) 27 (10−68) (n = 59) 29 (10−75) (n = 43)
Hemodynamics

RAP (mm Hg) 5.9±3.4 5.6±3.5
mPAP (mm Hg) 38±12 35±13
SvO2 (%) 68±8 68±9
CI (L·min−1·m−2) 3.4±0.9 3.4±0.7
PVR (WU) 5.8±3.7 5.3±3.5

Risk assessment
Low 36 (59%) 26 (59%)
Intermediate 23 (38%) 17 (39%)
High 2 (3%) 1 (2%)

Note: Data are presented as n (%), mean ± standard deviation, or median
(interquartile range). PAH, pulmonary arterial hypertension; I/H, idiopathic or
heritable; CTD, connective tissue disease; CHD, congenital heart disease; PoPH,
portopulmonary hypertension; WHO FC, World Health Organization functional
class; 6MWD, 6 min walking distance; peak VO2, peak oxygen consumption;
BNP, brain natriuretic peptide; RAP, right atrial pressure; mPAP, mean pulmo-
nary arterial pressure; SvO2, mixed venous oxygen saturation; CI, cardiac index;
PVR, pulmonary vascular resistance.
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study populations are needed to examine these issues further.
Finally, values for all of the risk variables were not available for all
patients. For example, only 59% of the overall population under-
went both the 6 min walk test and the cardiopulmonary exercise
test. However, the five variables, including the two composite
variables that we defined as exercise tolerance and circulatory
dynamics, were assessed in over 90% of patients at baseline and

79% of patients at follow-up, which are higher proportions com-
pared with previous studies using score-and-average methods.

In conclusion, we found that the risk assessment strategy pro-
posed in the 2015 ESC/ERS guidelines for the diagnosis and treat-
ment of pulmonary hypertension is valid for the prediction of
long-term prognosis in PAH patients undergoing treatment at our
institution in Japan. Achieving low-risk status appears to be an

Fig. 2. Kaplan–Meier survival analysis based on risk status at follow-up for the (A) overall population and (B) treatment-naïve subpopulation.

36

25

Su
rv

iv
al

(%
)

100

80

60

40

20

0

Number at risk
Time (years)

0 1 2 3 4 5

Low
Intermediate

or High

Su
rv

iv
al

(%
)

100

80

60

40

20

0

Number at risk
Time (years)

0 1 2 3 4 5

Low risk
Intermediate

or High risk

(A) (B)

Low risk
Intermediate

or High risk

34

22

26

16

23

11

17

9

13

7

26

18

Low
Intermediate

or High

24

17

19

14

17

9

12

7

10

6

Log rank, P = 0.041 Log rank, P = 0.030

Table 4. Comparison between treatment-naïve patients who improved from
intermediate- or high-risk to low-risk status or who remained as intermediate- or
high-risk status.

Improved
to low risk
(n = 13)

Remained as
intermediate or
high risk (n = 17) P

Etiology of PAH 0.403
I/HPAH 6 (46%) 4 (24%)
CTD-PAH 4 (31%) 10 (59%)
CHD-PAH 1 (8%) 2 (12%)
PoPH 2 (15%) 1 (6%)

WHO FCa 1.000
I/II 2 (15%) 3 (18%)
III 11 (85%) 13 (76%)
IV 0 (0%) 1 (6%)

6MWD (m)a 341±72 318±127 0.636
Peak VO2 (mL·min−1·kg−1)a 12.4±3.8 11.0±3.5 0.373
BNP (ng/L)a 131 (60−343) 130 (72−241) 0.592
Hemodynamicsa

RAP (mm Hg) 5.2±3.4 5.9±3.5 0.540
mPAP (mm Hg) 50±12 44±12 0.238
SvO2 (%) 63±6 62±6 0.458
CI (L·min−1·m−2) 2.3±0.7 2.5±0.7 0.444
PVR (WU) 12.8±6.2 9.0±5.1 0.078

Time from diagnosis to initiation of
PAH-specific therapy (days)

1 (0.5−1) 1 (1−60) 0.085

Combination therapy at follow-up 10 (77%) 10 (59%) 0.259
Time from diagnosis to initiation of

combination therapy (days)b
59±64 122±54 0.028

Note: Data are presented as n (%), mean ± standard deviation, or median (interquartile range).
PAH, pulmonary arterial hypertension; I/H, idiopathic or heritable; CTD, connective tissue dis-
ease; CHD, congenital heart disease; PoPH, portopulmonary hypertension; WHO FC, World
Health Organization functional class; 6MWD, 6 min walking distance; peak VO2, peak oxygen
consumption; BNP, brain natriuretic peptide; RAP, right atrial pressure; mPAP, mean pulmo-
nary arterial pressure; SvO2, mixed venous oxygen saturation; CI, cardiac index; PVR, pulmo-
nary vascular resistance; f/u, follow-up.

aCharacteristics at baseline.
bAnalysis in patients who received combination therapy at follow-up.

Imai et al. 657

Published by NRC Research Press

C
an

. J
. P

hy
si

ol
. P

ha
rm

ac
ol

. D
ow

nl
oa

de
d 

fr
om

 c
dn

sc
ie

nc
ep

ub
.c

om
 b

y 
1.

21
.1

45
.1

61
 o

n 
01

/2
0/

21
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



appropriate treatment goal for our patients; however, treatment
strategies such as early initiation of combination therapy remain
to be validated with respect to achieving this goal.
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