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by a chronic elevation of pulmonary vascular resistance,
right heart failure, and ultimately death. PAH subtypes
are heterogeneous in terms of prognosis and response

activation of provirus integration site for Moloney murine

emerged as attractive noninvasive tools for assessment
and monitoring of PAH severity.

proproliferative and antiapoptotic phenotype.

PAH on right ventricle function rather than the underlying
causative process per se (that is pulmonary vascular
remodeling).
vascular remodeling disease due to vasoconstriction and
pulmonary artery smooth muscle cell (PASMC) proliferation

which

that may correlate with PAH severity.
vascular remodeling in PAH.
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The aim of the present study was to assess the relevance of

patients with heritable/idiopathic PAH (IPAH) and PAH

Clinical assessment and management
presentation and according to current recommendations.
plasma levels would correlate with PAH severity.

MATERIALS AND METHODS
Study population

Consecutive adult patients from the PAH clinic of our

this protocol. Functional status was determined using the
Society recommendations.
Resting hemodynamics
were assessed according to our routine protocol.
Vasoreactivity testing was performed using inhaled nitric
For
positive acute vasoreactivity test were used for analyses.

PAH forms. This cohort was completed by PAH patients for
whom blood sample was drawn at the time of a visit rather than
and patients with

P

to their availability and in agreement with the guidelines.

Statistical analysis

normal echocardiography. Healthy volunteers (HV) free of
any disease were also recruited by advertisement. Patients
with other types of PAH, with active or recent ( 3 years)

percentages for categorical variables and mean standard
deviation for continuous variables. Controls and PAH
cases were compared using unpaired Student t
2
test

imposing equality constraints, and we tested whether the

participants gave informed written consent.

Pim-1 determination

variance across groups. Reported P values are based on
these restrictions. Posteriori comparisons were performed

with P 0.2 on univariate analysis. Before the model was
built and to appreciate the appropriate functional form
between dependent variable and continuous variables, a
the normal distribution and where the smoothing method

Blood samples were then immediately centrifuged
at

gam analyses suggested linear relationships. Stepwise
multivariate regression model. An alternative procedure
to select variables was to use the best subset selection
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of variables with interaction terms was performed using
information criteria were computed to validate the model
selected. Conclusions were similar for both methods. The
candidate models. After model building, the adequacy of the
of variances. Receiver operating characteristic (ROC) curves

the data for comparing the area under the curve (AUC) among

as a P 0.05. All analyses were conducted using the statistical

RESULTS
Patient characteristics
resistance. For survival analyses, the date blood drawn for

The baseline characteristics of the study population are
presented in Table 1

regression analysis was used to determine the variables
therapy, including endothelin receptor antagonists (n
phosphodiesterase type 5 inhibitors (n 3), prostacyclin

variables with P

Table 1: Baseline characteristics for the population according to PAH status
Characteristics
Age (years)
Female, n (%)
Body mass index (kg/m2)
Clinical status, n (%)
Healthy volunteers
Idiopathic or heritable PAH
Vasoreactive idiopathic PAH
Connective tissue disease*
Congenital heart disease**
Time since diagnosis (years)***
WHO functional class, n (%)
Class I
Class II
Class III
Class IV
6-minute walk distance (m)
Hemodynamics$¥
Mean pulmonary artery pressure (mmHg)
Cardiac index (L/min/m2)
Pulmonary vascular resistance (wood units)
Mixed oxygen venous saturation (%)
NT-pro-brain natriuretic peptide (pg/mL)
Creatinine clearance (Cockcroft) (mL/min)
Predicted DLCO (%)
Maximal tricuspid velocity (m/sec)
Pim-1 (ng/mL)

n (Controls/PAH)

Controls (n 50)

PAH (n=49)

P value

(50/49)
(50/49)
(50/49)
(50/49)

52 19

52 15

0.98
0.52

25 4

26 6
0.01
-

-

5 (10)

-

9 (18)

(0/40)
(50/49)

0.01
2 (4)
20 (41)

(19/46)
(12/44)
(12/44)

(17/49)
(50/49)
(26/48)
(50/49)
(50/49)

1 (2)
0
510 121
20 5
0.8
1.7 0.8
72
92 27
74 24
2.6 0.4
7.2 2.4

6 (12)
144

0.01

47 14
2.8 0.9
8.8 4.0
64 10
1917 2497
82 26
68 29
4.2 0.7
25 (51)
9.6 4.0

0.01
0.05
0.01
0.01
0.01
0.05
0.41
0.01
0.01
0.01

Values are means±SD or numbers (%). DLCO: carbon monoxide diffusing capacity; NT: N-terminal; PAH: pulmonary arterial hypertension; WHO: World
Health Organization. *Includes 15 systemic sclerosis, one systemic lupus erythematosus and one rheumatoid arthritis in the control group and 12 systemic
sclerosis and four mixed connective tissue disease in the PAH group. **Includes seven patients with Eisenmenger physiology and two persistent PAH after
corrective surgery. ***Excluding patients with congenital heart disease. 6-minute walk distance was not available for three patients (one hospitalized in critical
care unit and two for concomitant musculoskeletal disorders). $Hemodynamic values reported were on acute vasoreactive testing or on calcium channel blockers
for the vasoreactive idiopathic PAH patients (n 5). ¥
Eisenmenger physiology
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analogues (n

5), and combination therapy (n

3),
four IPAH) and no transplantation was performed. The

Pim-1 levels according to clinical conditions and
capacity to discriminate proliferative pulmonary
arterial hypertension

2 years, respectively. Variables associated with poor
survival are shown in
. By forward stepwise
clearance remained independent predictors of mortality.

P 0.01). This was
mainly attributed to the IPAH (10.0

Fig. 1, P
positively with age (r
P 0.008) and creatinine
clearance (r
P 0.001), whereas it was unrelated to
P
PAH status (P 0.003) and creatinine clearance (P
for age (P
Fig. 2).
for this optimal threshold, are shown in Table 2. Similar

Figure 1:
P

Pim-1 levels, pulmonary arterial hypertension
severity, and outcomes
Table 3)

A

B

hypertension (PAH). *P 0.05 versus healthy volunteers and vasoreactive
idiopathic PAH and **P 0.05 versus healthy volunteers, vasoreactive
idiopathic PAH and patients with connective tissue disease using the Tukey’s
comparison technique.

C

Figure 2:
P
disease population (n
P

(A) Idiopathic IPAH and PAH related to connective tissue disease from controls [n
(B) Vasoproliferative IPAH from vasoreactive IPAH (n
P
(C) PAH among the connective tissue
P
n
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favorably compared to other predetermined prognostic
factors for its capacity to predict survival (Fig. 3A). The

predictive values, likelihood ratio for Pim-1 blood level
to diagnose proliferative PAH according to the optimal
threshold values determined from the ROC curves

Pim-1 (ng/mL)
Sensitivity
Positive
predictive value
Negative
predictive value
Positive
likelihood ratio
Negative
likelihood ratio

Proliferative
PAH*from
controls
(n=85) (%)

Proliferative
IPAH from
VR-IPAH
(n=24) (%)

PAH in CTD
population
(n=33)
(%)

7.8¥
89
62
62

8.2¥
79
100
100

8.8¥
75
77
75

89

56

77

Table 3: Univariate correlate analyses of Pim-1 blood
level with traditional markers of severity in PAH

NA
0.18

P 0.01). Similar
results were obtained when analyses were restricted

0.21

CTD: connective tissue disease; IPAH: idiopathic pulmonary arterial
hypertension; NA: not applicable; PAH: pulmonary arterial hypertension;
VR-IPAH: vasoreactive idiopathic pulmonary arterial hypertension; ROC: receiver
operating characteristic.*Proliferative PAH included IPAH and PAH related to
CTD. ¥Proposed optimal threshold from receiving operating curves analysis

Overall PAH patients

n

r

P value

6-MWD
NT-proBNP
Cardiac index
Pulmonary vascular resistance

46
49
44

0.42

0.01
0.01
0.01

6MWD: 6-minute walk distance; NT-proBNP: N-terminal pro-brain
levels (P 0.01 by ANOVA)

Table 4: Univariate and multivariate predictors of death in the PAH population
Univariate
HR (95 % CI)
Pim-1 (per 1 ng/mL )
Age (per additional year)
WHO class (Class IV versus I, II and III)
NT-proBNP (per 100 pg/mL )
6 MWD (per 10 meters )
Creatinine clearance (per 1 unit )
Cardiac Index (per 500 mL/mn/m2 )
CI:
Organization

1.04
0.91
0.95
0.48

(1.02-1.06)
(0.85-0.96)
(0.92-0.97)
(0.26-0.78)

Multivariate
P value
0.01
0.01
0.01
0.01
0.01
0.01
0.01

HR (95 % CI)

P value
0.01

0.01
-

HR: hazard ratio; 6MWD: 6-minute walk distance; NT-proBNP: N-terminal pro-brain natriuretic peptide; WHO: World Health

A

B

Figure 3:
of death within the study period in the PAH cohort (n
factors in PAH (P

(A) Receiver operating characteristic (ROC) curves for the prediction

(B)
P
78
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P

0.01) for

stage, these observations suggest that the pathophysiology
of PAH may be heterogeneous across the diverse PAH
pathway may play a predominant role in IPAH and

DISCUSSION
assay potentially useful for diagnosis in PAH. Of particular
The present study revealed that (1) circulating plasma
comparable to natriuretic peptides to detect PAH among
recommended for PAH detection.
normal echocardiography at diagnosis.
combination of noninvasive tools may eventually prove
to be very useful in identifying early PAH among patients
to the active pulmonary vascular remodeling in PAH.

larger prospective cohorts.

Many abnormalities contribute to pulmonary vascular
remodeling in PAH, including increases in the blood content
alterations
in the RhoA/ROCK pathway, and BMPR2 regulation and
There are

including functional capacity, cardiac imaging, and
Although very useful,

proproliferative and antiapoptotic phenotype is mainly due
The mechanism accounting

cancers by increasing cell proliferation and resistance
to apoptosis.

costly,
invasive and/or not widely available. For these reasons,
attractive noninvasive tool for assessment and monitoring
of PAH. Brain natriuretic peptides, troponin, serum
creatinine, uric acid,
as well as others
were shown to predict survival in PAH. Importantly, these

ventricle function rather than the underlying causative
process per se (that is pulmonary vascular remodeling).
with PAH severity.

with a discriminative capacity (AUC

0.80) comparable

remained independently associated with survival in a

compared to controls, whereas it remained in the normal
Pulmonary Circulation | January-March 2013 | Vol 3 | No 1

remodeling severity in PAH.
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To date, limited information is available about the

data
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