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We aimed to identify a vasoreactive subset of patients with idiopathic pulmonary arterial
hypertension (IPAH) in Korea and to show their clinical characteristics and prognosis. Data
on patients who were diagnosed with IPAH at Asan Medical Center between January 1994
and March 2013 were retrospectively collected. Acute vasodilator testing was performed
with inhaled nitric oxide during diagnostic right heart catheterization. A positive acute
response was defined as a reduction in mean pulmonary arterial pressure (PAP) > 10 mmHg
to an absolute level of mean PAP < 40 mmHg without a decrease in cardiac output.
Among a total of 60 IPAH patients included for analysis, 9 (15%) showed a positive acute
response to acute vasodilator testing. Acute responders showed significantly lower peak
velocity of a tricuspid regurgitation jet on echocardiography (4.1 + 0.3 m/svs. 4.6 + 0.6
m/s; P=0.01) and significantly lower mean PAP hemodynamically (47 + 10 mmHg vs.

63 + 17 mmHg; P = 0.003) than non-responders at baseline. The survival rate of acute
responders was 88% at 1, 3, 5, and 10 yr, respectively, which was significantly higher than
that of non-responders (85%), 71%, 55%, and 40%, respectively; P = 0.029). In conclusion,
Korean IPAH patients with vasoreactivity showed better baseline hemodynamic features
and survival than those without vasoreactivity.
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INTRODUCTION

Pulmonary arterial hypertension (PAH) is a rare disease char-
acterized by a progressive increase in pulmonary vascular re-
sistance (PVR) that ultimately results in right heart failure and
death (1). Idiopathic pulmonary arterial hypertension (IPAH) is
a sporadic category of the disease without a family history of
PAH and identifiable risk factors (2). The natural history of IPAH
is well established based on the National Institutes of Health
(NIH) registry, which showed a median survival of 2.8 yr and
1-, 3-, and 5-yr survival rates of 68%, 48%, and 34%, respectively
(3). Before the recent advent of targeted therapies such as pros-
tanoids, endothelin receptor antagonists, and phosphodiester-
ase inhibitors, conventional therapies such as calcium channel
blockers (CCBs), warfarin, diuretics, and digoxin were used. In
1992, to evaluate the long-term efficacy of CCBs in patients with
primary pulmonary hypertension, Rich et al. (4) assessed the
acute responses of pulmonary arterial pressure (PAP) and PVR
to high doses of CCBs at the time of diagnosis, and followed up
these patients for 5 yr with treatment with high-dose CCBs. The
patients who responded acutely to high doses of CCBs showed
a significantly better outcome (a 5-yr survival rate of 94%) than
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patients who did not respond. Following the study of Rich et al.
(4), many studies were conducted on agents used in acute va-
sodilator testing and on the definition of a positive acute re-
sponse. In another key study reported in 2005, Sitbon et al. (5)
reported the baseline characteristics and survival of a long-term
CCB responder group among IPAH patients. The long-term CCB
responder group had a significantly better survival (a 5-yr sur-
vival rate of 97%) than a long-term CCB failure group. Based on
these studies, current guidelines recommend that acute vaso-
dilator testing be performed during diagnostic workups for IPAH
to identify the subset of patients showing long-term beneficial
effects with CCBs and a better prognosis (1, 6).

Although several prospective cohort studies demonstrating
some proportion of acute vasodilator responders among PAH
patients have been reported in Western countries (7-9), no study
to date has examined the characteristics or survival of acute va-
sodilator responders among IPAH patients in Korea. The aim of
this retrospective study was to demonstrate a vasoreactive sub-
set of Korean IPAH patients, to characterize their clinical and
hemodynamic features, and to compare their survival with that
of IPAH patients without vasoreactivity.
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MATERIALS AND METHODS

Study patients

Patients who were diagnosed with PAH at Asan Medical Center,
a tertiary referral hospital in Seoul, Korea, between January 1994
and March 2013 were screened for this study. Through a retro-
spective review of the electronic medical records, PAH was as-
sessed with the results of right heart catheterization (RHC) or
echocardiography. The hemodynamic definition of PAH on RHC
included mean PAP > 25 mmHg at rest, mean pulmonary cap-
illary wedge pressure (PCWP) < 15 mmHg, and PVR > 3 Wood
units (1). If RHC was not performed, PAH was diagnosed by the
echocardiographic definition of systolic PAP > 40 mmHg mea-
sured by Doppler echocardiography (10). Patients’ specific di-
agnoses were reclassified according to the most updated classi-
fication of pulmonary hypertension (11). The IPAH patients
whose results of both RHC and acute vasodilator testing were
available were included in the analysis. The patients with other
types of PAH, such as PAH associated with connective tissue
diseases, portal hypertension, or congenital heart diseases, were
excluded. The included patients were grouped by the results of
acute vasodilator testing into acute responders or non-responders.

Right heart catheterization (RHC) and acute vasodilator
testing

Diagnostic RHC for PAH was performed in the medical inten-
sive care unit. A 7.5 Fr Swan-Ganz catheter (Edwards Lifescienc-
es, Irvine, CA, USA) was advanced into the pulmonary artery
through the right internal jugular vein or the right subclavian
vein. Proper positioning of the catheter was confirmed by chest
radiography. Baseline hemodynamic values, including mean
right atrial pressure (RAP), mean PAP, mean PCWP, and mixed
venous oxygen saturation (SvO.), were measured. Cardiac out-
put was measured in triplicate by the thermodilution technique
using Vigilance Monitor (Edwards Lifesciences). The PVR was
calculated by dividing (mean PAP — mean PCWP) by the cardi-
ac output.

Acute vasodilator testing was performed after baseline he-
modynamic data were recorded. The specific protocol for the
test followed previously described methods with minor modifi-
cations (12). Briefly, patients inhaled a mixture of air-nitric ox-
ide (NO) of 10, 20, and 40 parts per million (ppm) and hemody-
namic variables were measured after every 10 min. In the case
of a positive response to inhaled NO, a fast-release preparation
of oral nifedipine 10 mg was challenged after recovery to base-
line hemodynamic values. Consecutive doses of nifedipine 10
mg were administered at 20-min intervals up to a total dose of
60 mg with recording of hemodynamic measurements. The
testing was terminated when 1) the patient developed symp-
toms including nausea, flushing, headache, dyspnea, or chest
discomfort; 2) systolic blood pressure decreased to < 90 mmHg;
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or 3) the maximal vasodilator dose was reached. A positive acute
response was defined as a reduction in mean PAP > 10 mmHg
to an absolute level of mean PAP < 40 mmHg without a decrease
in cardiac output (1, 6).

Data collection

Baseline data were collected from the patients’ medical charts.
These data included age at diagnosis, sex, duration of symptoms
until diagnosis, symptoms at diagnosis, signs of right heart fail-
ure such as pitting edema of lower extremities or ascites, World
Health Organization (WHO) functional class, smoking history,
and results of the 6-min walk test.

Echocardiographic studies were performed using the Philips
echocardiography system (Koninklijke Philips NV,, Eindhoven,
the Netherlands). Echocardiographic measurements, such as
the ejection fraction of the left ventricle, the peak velocity of a
tricuspid regurgitation jet, or the presence of an inferior vena
cava plethora or a pericardial effusion, were checked. Hemody-
namic data at baseline and during acute vasodilator testing were
also obtained.

The date of diagnosis was defined as when the patient under-
went the first diagnostic RHC, and the time from the date of di-
agnosis to the last follow-up date was calculated. Survival status
and date of death were determined based on medical charts
and the expiration date of the Korean national health insurance
service without considering the cause of death. Patients were
only counted as deceased if they died during the follow-up pe-
riod. All other cases, including cases lost to follow-up, were cen-
sored. The medication that was prescribed for IPAH was checked.

Statistical analyses

All values were expressed as the mean + standard deviation or
the median (interquartile range) for continuous variables and
as the number or percentage for categorical variables. Baseline
clinical characteristics and echocardiographic and hemody-
namic measurements were compared between acute respond-
ers and non-responders using a Mann-Whitney U test for con-
tinuous variables and a Fisher’s exact test for all categorical vari-
ables except the WHO functional class. Differences in the pro-
portions of WHO functional classes between the 2 groups were
analyzed with a linear-by-linear association test. The Wilcoxon
signed-rank test was performed for hemodynamic values mea-
sured at baseline and during acute vasodilator testing. The sur-
vival rate was estimated using the Kaplan-Meier method and
comparison of survival between groups was done using a log-
rank test. A Pvalue < 0.05was considered to be statistically sig-
nificant. Analysis was performed with the use of PASW Statistics
18 (SPSS Inc., Chicago, IL, USA).

Ethics statement
This study protocol was approved by the institutional review
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board of Asan Medical Center (IRB No. 2013-0853). Informed
consent was waived by the board.

RESULTS

Baseline characteristics

Of the 159 patients screened, 76 were diagnosed with IPAH. Six-
teen IPAH patients were excluded from the study because they
did not undergo RHC and were diagnosed by echocardiogra-
phy only (n = 8) or they underwent RHC only without acute va-
sodilator testing (n = 8). Nine patients (15%) showed a positive
acute response on the acute vasodilator test (Fig. 1). The base-
line characteristics of the 60 IPAH patients are summarized in
Table 1. The mean age of acute responders was 38 + 16 yr (range,

76 IPAH patients

16 patients excluded:
RHC was not done (n=8),

vasodilator test
was not done (n=8)
Y
60 IPAH patients
included

|
v v

‘ 9 acute responders ‘ ‘ 51 non-responders ‘

Fig. 1. Flow diagram of patient selection for analysis. IPAH, idiopathic pulmonary ar-
terial hypertension; RHC, right heart catheterization.

15-67 yr) and the female-to-male ratio was 8:1. It took a median
of 36 months (interquartile range, 4-84 months) to diagnose
IPAH from the onset of symptoms in acute responders. Most
patients complained of dyspnea upon exertion. No significant
differences in clinical features were noted between acute re-
sponders and non-responders at baseline. Echocardiographi-
cally, the peak velocity of a tricuspid regurgitation jet was sig-
nificantly lower in acute responders than in non-responders
(4.1 £0.3 m/s vs. 4.6 + 0.6 m/s; P = 0.01). On hemodynamics,
acute responders showed significantly lower mean PAP than
non-responders (47 + 10 mmHg vs. 63 + 17 mmHg; P = 0.003).
Mean PAP decreased significantly by 21 + 7 mmHg (range, 11-
31 mmHg) to 26 + 9 mmHg (range, 12-39 mmHg) during acute
vasodilator testing (Table 2). PVR also decreased significantly

Table 2. Hemodynamic values reached during acute vasodilator testing in acute re-
sponders

Hemodynamic items Acute responders (n = 9)

Mean PAP reached (mmHg) 26 + 9*
Difference in the mean PAP from the baseline (mmHg) 21 £7
Percent of the difference in the mean PAP (%) 46 + 15
PVR reached (Wood units) 42 £ 2.4*
Difference in the PVR from the baseline (Wood units) 59 £+ 3.3
Percent of the difference in the mean PAP (%) 59 + 16
Cardiac output reached (L/min) 49 + 31

Data are presented as the mean & SD. *P = 0.008, comparison with baseline he-
modynamic values using a Wilcoxon signed-rank test. PAP, pulmonary arterial pres-
sure; PVR, pulmonary vascular resistance.

Table 1. Baseline clinical, echocardiographic, and hemodynamic data of the idiopathic pulmonary arterial hypertension patients

Parameters All patients (n = 60) Acute responders (n = 9) Non-responders (n = 51) Pvalue
Age at diagnosis (yr) 33+ 13 38 + 16 32+ 13 0.355¢
Female:male (%) 72:28 89:11 69:31 0.423*
Onset of symptoms (mo)* 24 (9-48) 36 (4-84) 24 (10-48) 0.858"
Symptoms and signs at diagnosis
Dyspnea on exertion (%) 97 89 98 0.280*
Chest pain (%) 85 11 39 0.142*
Syncope (%) 18 88 16 0.345*
Hemoptysis (%) 13 11 14 > 0.999°
Palpitation (%) 18 11 20 > 0.999*
Edema of lower extremities (%) 18 0 22 0.189¢
WHO functional class LIEIEIV (%) 3:32:60:5 11:44:44:0 2:29:63:6 0.085%
History of smoking (%) 22 11 24 0.668*
Six-minute walk distance (m) 413 £137 460 £ 147 404 £ 135 0.077"
Echocardiography
LV ejection fraction (%) 65+ 8 64 + 6 65+ 8 0.8411
Peak velocity of TR (m/s) 45+ 0.6 41 +£0.3 46 £ 0.6 0.017
Pericardial effusion (%) 28 11 28 > 0.999*
Right heart catheterization
Mean RAP (mmHg) 8 £5(n=230 6+4(n=29) 8t6(n=22 0.2371
Mean PAP (mmHg) 61 + 17 (n = 60) 47 £10(n=9) 63 £ 17 (n=51) 0.003"
Mean PCWP (mmHg) 9+4(n=41) 9+4(n=9 9+3(n=32 0.722
Cardiac output (L/min) 40+1.4(n=57) 47+26(n=9 39+ 11 (n=49y) 0.632"
PVR (Wood units) 138 £75(n=41) 103 £49(n=9 147+£79n=32 0.154"
Sv02 (%) 67 £ 9 (n = 46) 70+5(n=28 66 £ 9(n=238) 01911

Data are presented as the mean + SD, *the median (interquartile range), or the percentage. Comparison between acute responders and non-responders using a "Mann-Whitney U test,
*Fisher’s exact test, or Slinear-by-linear association test. WHO, World Health Organization; LV, left ventricle; TR, tricuspid regurgitation jet; RAP, right atrial pressure; PAP, pulmonary arterial
pressure; PCWP, pulmonary capillary wedge pressure; PVR, pulmonary vascular resistance; Sv0,, mixed venous oxygen saturation.
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Table 3. Initial treatment of the idiopathic pulmonary arterial hypertension patients
after diagnosis

No. (%) of patients

Medications Acute Non-responders diagnosed  Non-responders diag-
responders before september 2003 nosed after September
=9 (n=30) 2003 (n = 21)
Digoxin 0(0) 8(27) 5(24)
Diuretics 0(0) 8 (27) 7(33)
Warfarin 0(0) 7(23) 7(33)
Nifedipine 8 (89) 3(10) 1(5)
Beraprost 6 (67) 27 (90) 7(33)
lloprost 0(0) 0(0) 5 (24)
Bosentan 1(11) 0(0) 7(33)
Ambrisentan 0(0) 0(0) 1(5)
Sildenafil 0(0) 0(0) 7(33)

Data are presented as the number (%).

without a reduction in cardiac output. In all acute responders,
both mean PAP and PVR decreased by > 20%.

Survival

Eight patients among the acute responders were initially treat-
ed with a fast-release preparation of nifedipine or a controlled
release formulation of nifedipine at a daily dose of 59 + 26 mg
(range, 30-90 mg) (Table 3). One patient in the acute responder
group was not treated with CCBs but with bosentan because
the patient did not show a positive acute response to oral nife-
dipine during acute vasodilator testing. Because the targeted
agents—prostanoids, endothelin receptor antagonists, and phos-
phodiesterase inhibitors—except beraprost were not approved
in Korea until 2004, most patients in the non-responder group
diagnosed before September 2003 were initially treated with
beraprost. Many non-responders diagnosed after September
2003 received treatment with targeted agents that included silde-
nafil, iloprost, bosentan, or ambrisentan.

All included patients were followed up for a mean of 62 + 56
months. During the follow-up period, patients visited the hos-
pital every 2 months on average. The mean duration of follow-
up in acute responders was 96 + 63 months (range, 12-166 mon-
ths). A total of 26 patients in this study died. In the acute respond-
er group, only the patient who was not treated with CCBs died
(at 21 months after diagnosis). Acute responders showed a sig-
nificantly higher survival rate than non-responders (P = 0.029
by the log-rank test). Kaplan-Meier survival estimates were 88%
for acute responders at 1, 3, 5, and 10 yr, and 85%, 71%, 55%, and
40% for non-responders, respectively (Fig. 2).

DISCUSSION

Our present study shows that a vasoreactive subset exists among
Korean IPAH patients and that the prognosis of this group is as
favorable as that of Western IPAH patients with vasoreactivity.
To the best of our knowledge, this is the second report about
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Fig. 2. Kaplan-Meier survival estimates in idiopathic pulmonary arterial hypertension
patients depending on vasoreactivity. When the survival rate of acute responders
(solid line) was compared to that of non-responders (dashed line), the difference was
significant (5-yr survival rates, 88% versus 55%; P = 0.029 by the log-rank test).

the baseline characteristics and prognosis of acute responders
among IPAH patients in Asia. Although one prospective cohort
study on Chinese idiopathic and familial PAH patients (13) and
another retrospective study on Japanese PAH patients (14) were
reported in 2007 and 2012, respectively, data about acute re-
sponders were not described. The first study on Asian IPAH pa-
tients with vasoreactivity was reported in 2009 (15). In that study,
aerosolized iloprost was evaluated as an acute vasodilator agent
in Chinese IPAH patients and acute responders were followed
up for 12 months. Although clinical and hemodynamic improve-
ment in acute responders was assessed after treatment with dil-
tiazem for 12 months, long-term survival was not shown because
of the limited duration of follow-up.

The proportion of acute responders among IPAH patients
varies depending on the definition of a positive acute response
used or the vasodilatory agents used in each study: 55% in the
NIH registry (7), 26.6% reported by Rich et al. (4), 12.6% report-
ed by Sitbon et al. (5), 10.3% in the French registry (8), 13.5% re-
ported by Jing et al. (15), and 15% in our present study. The base-
line clinical and hemodynamic characteristics of acute respond-
ers in our study were similar to those of acute responders re-
ported by two previous studies (5, 15). The acute responders
were in a better WHO functional class, had higher exercise tol-
erance on the 6-min walk test, and showed lower RAP, mean
PAP, and PVR, and higher cardiac output and SvO, than non-
responders, although none of these differences except for mean
PAP were statistically significant in our study. Based on these
findings that acute responders had a less severe disease at diag-
nosis, we hypothesize that the proportion of acute responders
among IPAH patients is higher when IPAH is diagnosed early
on its disease course than when diagnosed later. The diagnostic
gap between onset of symptoms and diagnosis was more than

http://dx.doi.org/10.3346/jkms.2014.29.12.1665
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2 yr in the NIH registry and this has not been closed in more re-
cent registries (3, 8, 16, 17). Nearly 75% of PAH patients were di-
agnosed in WHO functional class IIT or IV in the French registry
and the REVEAL registry (8, 16). If this diagnostic delay is reduc-
ed, IPAH patients may be more frequently diagnosed as being
vasoreactive. Our hypothesis needs to be verified in the future.

The survival of acute responders in our present study was
comparable to that of acute responders in previous studies (4,
5). All acute responders, except 1 who did not receive CCB ther-
apy, survived for a mean of 96 months after initiation of CCB
therapy. The 8 acute responders were treated with nifedipine at
a daily dose of 59 + 26 mg (range, 30-90 mg). This dose of nife-
dipine was much lower than that used in the previous studies
(172 + 41 mg (4), and 102 + 27 mg or 144 + 68 mg [5]). The treat-
ment was changed to sildenafil after 30 months of nifedipine
therapy in one acute responder and to ambrisentan after 154
months in another acute responder. The other acute respond-
ers maintained the initial dose of nifedipine. A distinctive fea-
ture of our present study was that long-term beneficial effects
of CCBs in acute responders were observed with a relatively low
dose of nifedipine.

Since the report of Rich et al. (4) in 1992, many studies deal-
ing with the acute vasodilator test had defined a positive acute
response as a decrease in both mean PAP and PVR by > 20%.
After Sitbon et al. (5) showed that a new criterion—a decrease
in mean PAP by > 10 mmHg to <40 mmHg with unchanged
or increased cardiac output—identified patients who benefited
from long-term CCB therapy better than the previous criterion,
current guidelines recommend the new criterion as a positive
acute response (1, 6). Given that the 6 patients who met the pre-
vious criterion but did not achieve the new one showed an ex-
cellent long-term outcome in the study reported by Sitbon et al.
(5), the new criterion is more specific but less sensitive than the
previous one (1). In our present study, only 1 patient met the
previous criterion but not the current one. This patient was not
treated with CCBs and the long-term response to CCBs was un-
known.

In our present study, 4 non-responders received treatment
with nifedipine. Although 1 of the 4 patients did not satisfy the
positive criterion on the acute vasodilator test, a considerable
reduction in both mean PAP (from 76 mmHg to 53 mmHg) and
PVR (6.9 Wood units to 5.9 Wood units) was seen. The patient
had been treated with a controlled release formulation of nife-
dipine 30 mg/day, had improved clinically and hemodynami-
cally, and had been under regular follow-up for 119 months
without changing medication. Two other patients initially re-
ceiving nifedipine therapy did not show clinical improvement
and 1 of them died 4 months after initiation of nifedipine thera-
py- The last patient was treated with nifedipine due to concur-
rent systemic hypertension.

Sixteen IPAH patients (21% of screened IPAH patients) were

http://dx.doi.org/10.3346/jkms.2014.29.12.1665

excluded from our current analyses because their acute vasodi-
lator test results were unavailable. RHC was not performed in 8
of the 16 excluded patients due to the following reasons: decom-
pensated right heart failure (n = 2), hemodynamic instability
and/or respiratory distress (n = 2), sudden cardiac death during
workups (n = 2), patient refusal (n = 1), and an unknown cause
(n = 1). Of these patients, 6 patients might have had an advanc-
ed disease and a selection bias might have occurred because
they were not included in the analysis. Only RHC without acute
vasodilator testing was done in the 8 other patients and there
was no plausible cause. Although the nature of a single-center
study prevents the results from being generalized to the Korean
population, the proportion of excluded cases implies that RHC
and acute vasodilator testing are not always performed in PAH
patients in Korea and, as a result, some acute responders can-
not be identified.

A study on the adherence of clinicians to the PAH diagnosis
guidelines was recently reported (18). Across the United States,
791 PAH patients who were examined by 60 pulmonologists,
cardiologists, and rheumatologists between August 2005 and
July 2007 participated in that study. RHC was not done in 77 of
these patients (9.7%). In addition, acute vasodilator testing was
performed in 32 of 91 patients who received CCB therapy for
PAH and only 6 patients were proven to be vasoreactive. There
has been no report about how often RHC and acute vasodilator
testing are conducted in Korea when diagnosing PAH. Because
echocardiography is a non-invasive method of evaluating he-
modynamics and availability of echocardiography is high, RHC
and subsequent acute vasodilator testing, which are invasive
methods, are sometimes not performed when diagnosing PAH
in Korea. As our study demonstrates, the prognosis for a vasore-
active subset of Korean IPAH patients is excellent. Therefore,
acute vasodilator testing should be included in diagnostic work-
ups for PAH to identify those patients who can benefit from CCB
monotherapy and to prevent complications that can develop
when PAH patients without vasoreactivity are treated with CCBs.

Our study has several limitations to note. First, due to its ret-
rospective nature, a selection bias might occur and some of the
baseline data were missing, particularly the hemodynamic data.
Second, the study patients we evaluated might not be represen-
tative of all Korean IPAH patients because they were enrolled
from a single tertiary referral hospital. Third, beraprost was pre-
scribed together with nifedipine in 6 of the 8 acute responders.
Although long-term beneficial effects of beraprost on the he-
modynamic and clinical outcomes in PAH patients are not prov-
en (19, 20) and beraprost is only weakly recommended by the
current guidelines (21), concurrent beraprost therapy might
have affected the long-term survival of acute responders in our
study. Finally, our study did not show direct hemodynamic im-
provement in acute responders because RHC was not repeated
during the follow-up period.
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In conclusion, vasoreactive patients exist among Korean IPAH
patients in a similar proportion to among Western IPAH patients.
Korean IPAH patients with vasoreactivity can benefit from long-
term treatment with CCBs and their prognosis is excellent. There-
fore, to identify and treat such a subgroup adequately, acute va-
sodilator testing should be performed at the time of diagnosis
of RHC for IPAH in Korea.
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