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Abstract: Normal resting mean pulmonary artery pressure (PAP) is 8-20 mmHg. Pulmonary hypertension
is defined as mean PAP of >25 mmHg. Borderline PAP levels of 21-24 mmHg are of unclear significance.
We sought to determine the clinical characteristics and survival of subjects with mean PAP of 21-24 mmHg.
We examined 1,491 patients enrolled in the Cleveland Clinic Pulmonary Hypertension Registry between
February 1990 and May 2012 with baseline right heart catheterization. The relationship between PAP and
all-cause mortality was assessed by Cox models and a tree-based analysis. Sixty-three patients had border-
line PAP (underlying conditions: 12 left heart disease, 20 respiratory disease, 17 connective-tissue disease,
4 others, and 10 none). We then compared 3 groups: borderline PAP without heart or lung disease (n = 31),
normal PAP without heart or lung disease (n = 51), and category 1 pulmonary arterial hypertension (PAH;
n = 387). Borderline-PAP patients had levels of hemodynamic and functional compromise between those
for normal-PAP patients and those for patients with PAH. Borderline PAP was associated with increased
mortality compared to normal PAP (hazard ratio: 4.03 [95% confidence interval: 0.78-20.80], P = 0.099). A
tree-based analysis demonstrated almost identical cut points in mean PAP (<20, 21-26, and >27 mmHg)
associated with differential survival (P < 0.001). Connective-tissue disease and an elevated transpulmonary
gradient were predictors of worse survival in the borderline-PAP population. Borderline PAP elevation is
associated with decreased survival, particularly in the context of connective-tissue disease and an elevated

transpulmonary gradient.
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INTRODUCTION
A diagnosis of pulmonary arterial hypertension (PAH)
carries deep psychological' and financial® consequences.
Patients and families fear the dismal prognosis of the
disease,® which remains suboptimal even in the current
treatment era.* Thus, a careful definition of the disease
is critical. While the sharp distinction between pulmo-
nary hypertension, a hemodynamic and pathophysiologic
state, and PAH, a group of relatively rare conditions, is of
paramount importance,’ a key step is the determination
of whether abnormally elevated pulmonary artery pres-
sure (PAP) is present.

Pulmonary hypertension was first defined as a level of
mean PAP greater than 25 mmHg during the First World
Symposium on Pulmonary Hypertension sponsored by

the World Health Organization (WHO) in 1973; the cut-
off was arrived at by debate and consensus among
experts.® The World Symposium conference held in 2008
modified this slightly (mean PAP >25 mmHg),” but ac-
knowledged that a recent systematic review of all the
available literature identified the normal resting mean
PAP in adults to be 14 + 3.3 mmHg.® By adding 2 stan-
dard deviations to that normal mean PAP, an upper limit
of normal of 20 mmHg was obtained, thus leaving an
area, mean PAP between 21 and 24 mmHg, of unclear
significance. While the term “borderline pulmonary hy-
pertension” was contemplated, the idea was rejected, and
the need to characterize patients with PAP in this range
was emphasized.” The debate carried on in the most re-
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cent World Symposium, held in Nice in February 2013.
We conducted this study to assess the clinical charac-
teristics and survival of patients with mean PAP between
21 and 24 mmHg, compared to those with normal PAP
and those with category 1 PAH.

MATERIAL AND METHODS
Population and data collection
The Cleveland Clinic Pulmonary Hypertension registry
was established in May 2005 (IRB protocol 8097). Consec-
utive patients seen by the Pulmonary Vascular Group be-
fore May 2005 were entered retrospectively, and those
seen after that date were entered prospectively. For this
study, the registry was queried in May 2012. Data col-
lected include demographics, comorbidities, body mass
index, right heart catheterization (RHC), Doppler echocar-
diography, 6-minute walk distance, pulmonary function
testing, B-type natriuretic peptide levels, complete blood
counts and chemistries, and PAH-targeted therapies,
both at baseline and during follow-up. A group of expert
heart failure cardiologists performed all RHC. Pressure
tracings were recorded on a paper strip, and hemody-
namic measurements were obtained by averaging several
breathing cycles at end-expiration. The mid-right atrium
level was used as the zero reference level, estimated by
the midaxillary line or the top of the humerus head.
Patients with baseline RHC data available before the
start of PAH-targeted therapies were included and di-
vided into three groups: those with normal PAP, defined as
mean PAP less than or equal to 20 mmHg; those with
borderline PAP, defined as mean PAP between 21 and
24 mmHg (inclusive); and those with pulmonary hyper-
tension, defined as mean PAP greater than or equal to
25 mmHg. For patients with normal and borderline PAP,
we investigated the reason RHC was indicated and all
underlying comorbidities. Specifically, we collected infor-
mation regarding underlying conditions known to be as-
sociated with pulmonary vascular disease according to the
latest WHO diagnostic classification of pulmonary hyper-
tension.” Any patient with pulmonary artery wedge pres-
sure (PAWP) greater than 15 mmHg and/or Doppler
echocardiographic evidence of valvular disease or left ven-
tricular dysfunction was classified as having left heart
disease. Respiratory disease was defined as the presence
of any of the following: ratio of forced expiratory volume
in 1 s to forced vital capacity less than or equal to 0.60, total
lung capacity or forced vital capacity percent predicted
less than or equal to 60%,'® obstructive sleep apnea, com-
bined restrictive and obstructive lung disease, or alveolar
hypoventilation syndrome. Connective-tissue disease was

Volume 3 Number 4 December 2013 | 917

diagnosed by expert rheumatologists at the Cleveland
Clinic.

Among patients with mean PAP greater than or equal
to 25 mmHg, we identified those with diagnostic category
1 PAH first by selecting patients with PAWP less than
or equal to 15 mmHg plus pulmonary vascular resistance
greater than or equal to 3 Wood units plus preserved pul-
monary function. The latter was defined as a ratio of forced
expiratory volume in 1 s to forced vital capacity greater than
0.60 and total lung capacity or forced vital capacity percent
predicted greater than 60%. Then, each case was reviewed
by one of the authors in order to classify the patient into
one of the current diagnostic categories based on the diag-
nostic impression of the treating pulmonary hyperten-
sion expert and the author’s interpretation of the medical
record data. In case of discrepancy or doubt, the case was
discussed among all the authors to reach a conclusion by
consensus.

All-cause mortality was determined in all subjects by
manual and electronic query of the medical record and
the Social Security Death Index in May 2012. Patients
who were alive at that point were censored for the sur-
vival analysis. Entry point into the study was the date of
the diagnostic RHC. All baseline variables described were
obtained closest to the RHC.

Statistical methods
Analyses were performed with R, version 2.14.2.'" Cate-
gorical variables were summarized as frequency (%), and
continuous variables were summarized as mean =+ stan-
dard deviation. Comparisons across the three groups were
performed with y? tests, the Fisher exact test, or the Kruskal-
Wallis test, as appropriate. Pairwise comparisons between
groups were done with the Fisher exact test or the x” test
for categorical variables and with the Wilcoxon rank-sum
test for quantitative and ordinal variables. Kaplan-Meier
curves were used to describe the time from the diagnos-
tic RHC to all-cause mortality. Patients were censored
if they underwent lung transplantation. Groups were com-
pared with the log-rank test, and 1-, 3-, and 5-year estimates
of survival were calculated with their respective 95%
confidence intervals (Cls). Univariate Cox proportional-
hazard models were used to estimate the hazard ratios
(HRs) for death according to baseline mean PAP and
with respect to other study variables. A multivariable Cox
model was used specifically to adjust for patients’ age and
sex.

We applied a tree-based procedure using the R func-
tion RrPART to identify cut points of mean PAP that had
optimal discriminatory ability with regard to all-cause
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mortality as the outcome. Beginning with the entire set
of patients, each possible threshold of mean PAP was
evaluated to find the split that formed two groups with
the greatest difference in patient survival, as measured by
estimated event rates after exponential scaling.'” Within
the patient subsets defined by the first split, the process
was repeated to identify optimal splits at a second level.
This repeated splitting was stopped when the goodness
of fit of the tree model could no longer be improved with
further splits or when resulting subgroups fell in size to
less than 20 patients. Analyses comparing the tree-based
groups with respect to survival were then performed to
demonstrate the utility of the identified splits. These anal-
yses allowed us to use our data to estimate which cut
points of mean PAP might be best for discriminating sur-
vival, rather than assessing only previously established
cut points. We also performed standard receiver operat-
ing characteristic (ROC) curve analysis.

RESULTS

Population and baseline characteristics

Figure 1 depicts a flow chart of the study population.
There were 1,491 patients seen by the Cleveland Clinic
Pulmonary Vascular Program with a baseline RHC (be-
fore targeted therapy) between February 1990 and May 2012.
Eighty-five patients (5.7%) had a mean PAP less than or
equal to 20 mmHg, 63 (4.2%) had a mean PAP between 21
and 24 mmHg, and 1,343 (90.1%) had a mean PAP greater
than or equal to 25 mmHg. Among patients with pulmo-
nary hypertension, 387 had WHO category 1 PAH, accord-
ing to established diagnostic guidelines:” 150 idiopathic
(38.7%), 20 heritable (5.2%), 9 anorexigen-induced (2.3%),
and 208 associated PAH (53.7%; 111 connective-tissue dis-

Baseline RHC

n=1,491
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ease, 49 congenital heart disease, 44 portal hypertension,
3 human immunodeficiency virus infection, and 1 chronic
hemolytic anemia).

Table 1 shows the associated conditions in the 63 pa-
tients with mean PAP between 21 and 24 mmHg and the
85 patients with mean PAP less than or equal to 20 mmHg.
Eight patients with borderline PAP believed to be due to
heart disease had a PAWP of >15 mmHg, including all
5 with diastolic dysfunction and 3 with valvular heart dis-
ease. Hereafter, we compare subjects without left heart
or respiratory disease (1 = 31 for borderline PAP, n = 51
for normal PAP) with WHO group 1 PAH patients, unless
otherwise noted.

All patients with borderline elevation in mean PAP
had dyspnea on exertion upon presentation. Other com-
mon symptoms included chest discomfort (36%), cough
(32%), fatigue (29%), and peripheral edema (29%). Symp-
toms in the normal-PAP group included dyspnea (76%),
chest discomfort (41%), light-headedness (33%), fatigue
(33%), cough (31%), and peripheral edema (22%). The
indication for RHC and the clinical features of subjects
with normal PAP, borderline PAP, and category 1 PAH
are shown in Table 2. Subjects with borderline PAP had
hemodynamic and functional compromise between those
for normal-PAP subjects and those for PAH patients.
Scleroderma patients had normal PAWP: a median of
9.5 mmHg (interquartile range [IQR]: 7.25-11.75). The
rest of the borderline-PAP cohort, excluding those with
heart and lung disease, had similar PAWP: median of
11 mmHg (IQR: 8-14), P = 0.26. When subjects with heart
and lung disease were included, the rest of the borderline-
PAP subjects had a higher PAWP: a median of 12 mmHg
(IQR: 9-14), P = 0.048. Baseline echocardiographic data
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Table 1. Associated conditions in patients with normal and
borderline mean pulmonary artery pressure (PAP)

Normal Borderline
PAP® (%), PAP (%),
Underlying condition n=85 n=03
Heart disease 12 (14.1) 12 (19)
Diastolic dysfunction 4 5
Valvular disease 5 5
Systolic dysfunction/
pulmonary vein stenosis 1/0 1/1
Post-heart transplant 2 0
Respiratory disease 24 (28.2) 20 (32)
Chronic obstructive
pulmonary disease 2 5
Obstructive sleep apnea 12 4
Interstitial lung disease 10 3
Overlap syndrome 0 3
Mixed restriction and
obstruction 0 2
Other” 0 3
Connective-tissue disease 11 (12.9) 17 (27)
Scleroderma 4 11
Mixed connective-tissue
disease 1
Rheumatoid arthritis 1 2
Systemic lupus
erythematosus 3 0
Dermatomyositis 2 0
Others 5(5.9) 4 (6)
Chronic thromboembolic
disease 0 2
Portal hypertension 1 1
Anorexigen 2 1
Hyperthyroidism 1 0
Sickle cell disease 1 0
None 35 (41.2) 10 (16)

 One subject had both interstitial lung disease and valvular
heart disease; another one had both rheumatoid arthritis and
chronic obstructive pulmonary disease.

b Other respiratory diseases included 1 case each of cystic
fibrosis, alveolar hypoventilation, and extraparenchymal restric-
tion.

were available for 39 of the 51 normal-PAP subjects and
26 of the 31 borderline-PAP subjects. Right ventricular sys-
tolic pressure was higher in borderline-PAP patients (me-
dian: 47 mmHg [IQR: 34-57.5]) than in normal-PAP sub-
jects (median: 37 mmHg [IQR: 26.2-45.7], P = 0.003).
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Survival and mean PAP cut points

There was a progressively worse survival as mean PAP
increased from normal to borderline to overt PAH. One-,
3-, and 5-year survival among the three groups was as
follows: 100%, 97.8% (CI: 85.8%-99.7%), and 97.8%
(CI: 85.8%-99.7%) for normal PAP; 100%, 96.8%
(CI: 79.2%-99.5%), and 80.9% (CI: 55.9%-92.6%) for
borderline PAP; and 80.9% (CI: 76.6%-84.6%), 65.1%
(CI: 60.196-69.8%), and 53.4% (CI: 47.9%-58.5%) for PAH,
respectively (P < 0.001; Fig. 2). Borderline PAP was asso-
ciated with a 4-fold increase in mortality, compared to nor-
mal PAP. This result was of borderline statistical signif-
icance. PAH was associated with a 15-fold increase in
mortality, compared to normal PAP, and a 3.7-fold in-
crease when compared to borderline PAP. These results
were largely unchanged when adjusted for age and sex
(Table 3). When patients with heart or respiratory co-
morbidity were included in the normal- and borderline-
PAP groups, the increasing hazard of death was similar,
although with a smaller effect size (Table 4).

The tree-based analysis identified 26 and 21 mmHg
as the levels of mean PAP with the highest ability to sep-
arate survivors and nonsurvivors. On the basis of these
optimal splits, three groups of patients are formed: mean
PAP less than or equal to 20 mmHg, mean PAP between
21 and 26 mmHg, and mean PAP greater than or equal
to 27 mmHg. One-, 3-, and 5-year survival in each of these
groups was 100%, 97.9% (CI: 85.8%-99.7%), and 97.9%
(CI: 85.8%-99.7%) for mean PAP of <20 mmHg; 100%,
97.3% (CI: 82.3%-99.6%), and 83.8% (CI: 61.5%-93.8%)
for mean PAP of 21-26 mmHg; and 80.6% (CI: 76.3%—
84.3%), 64.6% (CI: 59.4%—69.3%), and 52.7% (CI: 47.2%—
57.9%) for mean PAP of >27 mmHg, respectively (P <
0.001; Fig. 3; Table 5). An ROC curve analysis was also
used to identify an optimal mean PAP cutoff, and just as
in the tree-based procedure, the optimal split was between
<26 and >27 mmHg (Fig. 4A), with the next optimal split
at <20 versus 21-26 mmHg in the <26-mmHg subset
(Fig. 4B).

Predictors of survival in borderline-PAP patients

When borderline PAP elevation was associated with
connective-tissue disease, the prognosis was worse than
that for other associated conditions or none (5-year sur-
vival: 67.1% [CI: 33.1%-86.6%] vs. 100%, P = 0.04; see
Fig. 5A). An elevated transpulmonary gradient (TPG)
was also associated with worse survival (Fig. 5B; HR for
a l-unit increase in TPG: 1.75 [95% CI: 1.10-2.76], P =
0.017). Similarly, higher pulmonary vascular resistance
(PVR) also carried a worse prognosis (HR for 1-Wood
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Table 2. Clinical features of patients with normal PAP, borderline PAP, and PAH

Normal PAP, n =51 Borderline PAP, n = 31 PAH, n =387 P
Age, years 51+17% 59 + 14 54 + 15 0.07
Female sex, n (%) 45 (88.2) 27 (90) 299 (77.3) 0.07
RHC indication, n (%)

Elevated RVSP 29 (56.9) 22 (70.9)

Dyspnea of obscure etiology 16 (31.4) 6 (19.3)

Scleroderma plus dyspnea 3(5.9) 3(9.7)

Other” 3(5.9) . . .
BMI > 30, n (%) 15 (29.4) 9 (30), n=30 140 (37.6), n= 372 0.4
MAP, mmHg 93 + 14 93 +12 95+ 15 0.82
HR, beats/min 78 + 15 74 + 10 83 +14° <0.001
RAP, mmHg 4.20 +2.19% 6.81 + 3.66 10.08 + 6.73¢ <0.001
CI, L/min/rn2 3.23£0.89 3.04 £ 0.64 2.43 +0.88° <0.001
PVR, Wood units 1.46 + 0.61* 2.22 +£1.00 10.99 + 6.45°¢ <0.001
TPG, mmHg 7.59 + 2.65% 11.94 £ 2.93 41.07 + 14.32¢ <0.001
6MWD, m 408 + 141, n =129 391 £ 101, n =20 321 + 117, n = 308° <0.001
BNP (IQR), pg/mL 28 (15-69), n. =29 36 (26-141), n =18 187 (67-500), n = 254° <0.001

Note: Data are mean + SD unless otherwise noted. P values are adjusted for age. PAP: pulmonary artery pressure; PAH: pul-
monary arterial hypertension; RHC: right heart catheterization; RVSP: right ventricular systolic pressure; BMI: body mass index;
MAP: mean arterial pressure; HR: heart rate; RAP: right atrial pressure; CI: cardiac index; PVR: pulmonary vascular resistance; TPG:
transpulmonary gradient; 6GMWD: 6-minute walk distance; BNP: B-type natriuretic peptide; IQR: interquartile range.

? P < 0.05 between borderline PAP and normal PAP.

b1 chest discomfort, 1 family history of PAH, and 1 light-headedness.

¢ P < 0.05 between borderline PAP and PAH.
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Figure 2. Survival of patients with normal pulmonary artery
pressure (PAP), borderline PAP, and group 1 pulmonary arte-
rial hypertension (PAH). P = 0.099 for the pairwise comparison
between normal and borderline PAP; P = 0.002 for the pairwise
comparison between group 1 PAH and borderline PAP.

unit increase: 3.41 [95% CI: 1.25-9.34], P = 0.006). A lim-
ited 6-minute walk distance and the presence of right
atrial dilation on echocardiography were also predictors
of worse survival (Fig. 5C and 5D, respectively), as well
as higher B-type natriuretic peptide levels (HR for every
50-pg/mL increase: 1.25 [95% CI: 1.00-1.55], P = 0.006).

Follow-up RHC

Six subjects of the 31 with borderline PAP underwent
a second RHC after a median of 16 months (range: 1-
39 months). Three patients had associated connective-
tissue disease, 1 had chronic pulmonary embolism, and 2
had no underlying conditions. Indications for the repeat
RHC were as follows: persistently elevated right ventricu-
lar systolic pressure on echocardiography in 4 patients and
the need to obtain hemodynamic measurements during
exercise in 2. Three patients (2 with connective-tissue dis-
ease and 1 with chronic pulmonary embolism) had a mean
PAP greater than 25 mmHg, while the other 3 remained
without pulmonary hypertension. There was 1 death in
each of these groups. On average, there was a trend toward
hemodynamic deterioration. The diastolic PAP increased by
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Table 3. Hazard of death according to mPAP
Univariate HR Adjusted HR*

Variable Reference Comparator HR (95% CI) P HR (95% CI) p
mPAP Normal Borderline 4.03 (0.78-20.80) 0.09 3.08 (0.60-15.90) 0.18
mPAP Normal PAH 15.0 (3.72-60.3) <0.001 13.5 (3.35-54.40) <0.001
mPAP Borderline PAH 3.72 (1.53-9.04) 0.004 4.38 (1.80-10.70) 0.001
Age Per 5 years 1.15 (1.10-1.21) <0.001
Sex Female Male 1.17 (0.83-1.63) 0.37

Note: mPAP: mean pulmonary artery pressure; HR: hazard ratio; CI: confidence interval; PAH: pulmonary arterial hypertension.

* Adjusted for age and sex.

a median of 4 mmHg (95% CI: 0-10 mmHg), cardiac in-
dex decreased by a median of 0.34 L/min/m* (95% CI:
0.18-1.40), and PVR increased by a median of 1.27 Wood
units (95% CI: 0.07-2.68).

Six of the 85 subjects with normal PAP underwent a
second RHC after a median of 23 months (range: 5-123
months). Two of them had a mean PAP of >25 mmHg
with a PAWP of >20 mmHg in the context of underlying
left ventricular diastolic dysfunction, suggestive of decom-
pensated heart failure with preserved ejection fraction.
Two additional subjects had mild pulmonary hyperten-
sion in the second RHC due to interstitial lung disease
associated with scleroderma.

DISCUSSION

The recent Pulmonary Hypertension World Symposium
and a systematic review of the literature on PAP in healthy
dults® led to a more evidence-based definition of pulmo-
nary hypertension (mean PAP >25 mmHg) while high-
lighting an area of borderline elevated mean PAP, be-

7

tween 21 and 24 mmHg, of unclear significance. Our
study represents the first report of subjects evaluated at
a referral pulmonary hypertension center who, on RHC,
had such borderline elevated pulmonary pressures. The
main finding of this study is that in our cohort, border-
line elevation in mean PAP was associated with levels of
hemodynamic compromise and survival between those
for normal-PAP subjects and those for patients with overt
group 1 PAH.

We show that, similar to patients with overt PAH,
patients with borderline elevated PAP are a highly het-
erogeneous group. The majority of patients had an un-
derlying condition known to be associated with pulmo-
nary vascular disease. Half of the patients had either left
heart disease or respiratory disease. Another common as-
sociated condition was connective-tissue disease, especially
scleroderma. Mean PAP levels between 21 and 24 mmHg
have been described in patients with severe chronic obstruc-
tive pulmonary disease,'® obstructive sleep apnea,'* and
scleroderma.’® Pulmonary hypertension is also thought

Table 4. Hazard of death according to mPAP including patients with heart and respiratory disease in the normal- and

borderline-PAP cohorts

Univariate HR

Adjusted HR?

Variable Reference Comparator HR (95% CI) P HR (95% CI) P
mPAP Normal Borderline 2.24 (0.81-6.17) 0.12 1.77 (0.64—4.89) 0.27
mPAP Normal PAH 8.34 (3.70-18.8) <0.001 8.23 (3.65-18.5) <0.001
mPAP Borderline PAH 3.72 (1.97-7.03) <0.001 4.64 (2.45-8.80) <0.001
Age Per 5 years 1.17 (1.11-1.22) <0.001
Sex Female Male 1.27 (0.92-1.75) 0.15

Note: mPAP: mean pulmonary artery pressure; HR: hazard ratio; CI: confidence interval; PAH: pulmonary arterial hypertension.

* Adjusted for age and sex.
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Figure 3. Survival of patients according to the tree-based analysis—
identified cut points. P = 0.088 for the pairwise comparison be-
tween mean pulmonary artery pressures (PAPs) of <20 and
21-26 mmHg; P < 0.001 for the pairwise comparison between
mean PAPs of 21-26 and >27 mmHg.

to be common in patients with heart failure due to left
ventricular diastolic dysfunction.16 Taken together, these
data emphasize the importance of a careful diagnostic as-
sessment in patients found to have borderline elevation
in PAP, similar to that suggested for overt pulmonary hy-
pertension,”” to understand the pathophysiology behind
it and ideally target the underlying medical condition. In-
terestingly, a sizable minority of patients in our cohort
(16%) had no associated underlying condition. This may
be suggestive of a group with a possible phenotype of idio-

pathic pre-pulmonary hypertension that may be at an in-
creased risk of subsequent development of PAH. This,
however, remains a hypothesis that requires further testing
with larger cohorts and repeated hemodynamic evaluation.

Our findings suggest that borderline elevation in PAP
is associated with hemodynamic impairment levels be-
tween those of subjects with normal PAP and those of
patients with overt PAH, with an impact on functional
capacity and long-term survival. Borderline elevation in
PAP has been reported to be associated with higher mor-
tality in chronic obstructive pulmonary disease'” and idio-
pathic pulmonary fibrosis."® However, in our patients
with preserved lung function we also found an associa-
tion between borderline PAP and mortality. Furthermore,
the tree-based analysis arrived at almost the same splits
in mean PAP as cut points associated with different sur-
vival outcomes. This type of classification and regression
tree analysis uses the data to estimate which cut points
of mean PAP might be best for discriminating survival,
rather than assessing previously established cut points,
while taking into account the timing of the mortality
events and the varying length of follow-up. Thus, it is
quite compelling that, using this technique, we arrived
at mean PAP cut points that correspond almost exactly
to the current definition of normal PAP (<20 mmHg), bor-
derline PAP (21-26 mmHg), and overt PAH (>27 mmHg).
Of note, the tree-based procedure is an improvement over
ROC analysis with respect to mortality, since the latter
accounts for neither the timing of the mortality events
nor the varying length of follow-up. Nonetheless, the fact
that both arrived at the same cutoffs strengthens our con-
clusions. Whether a mean PAP cutoff of 27 mmHg may
be more appropriate for overt PAH is of doubtful clinical
significance, but it is suggested by our data (Table 5). This
requires further exploration in other cohorts.

Table 5. Hazard of death according to tree analysis—identified mPAP cutoffs

Univariate HR Adjusted HR*

Variable Reference Comparator HR (95% CI) P HR (95% CI) p
mPAP <20 mmHg 21-26 mmHg 4.02 (0.81-19.9) 0.09 2.94 (0.59-14.6) 0.19
mPAP <20 mmHg >27 mmHg 15.2 (3.77-61.2) <0.001 13.9 (3.44-55.9) <0.001
mPAP 21-26 mmHg >27 mmHg 3.78 (1.68-8.52) 0.001 4.73 (2.09-10.7) <0.001
Age Per 5 years 1.16 (1.10-1.22) <0.001
Sex Female Male 1.16 (0.83-1.62) 0.37

Note: mPAP: mean pulmonary artery pressure; HR: hazard ratio; CI: confidence interval; PAH: pulmonary arterial hypertension.

* Adjusted for age and sex.
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ciated with survival was between
<26 and >27 mmHg (A), with the

I I I I T I T
00 02 04 06 08 10

1 - Specificity

Furthermore, our findings suggest that borderline ele-
vation in resting PAP has a negative impact on long-term
survival, particularly in the context of underlying connective-
tissue disease, and that it may constitute a “pre-PAH” state
or an intermediate stage of pulmonary vascular disease.
Notably, all 5 deaths observed in the borderline-PAP co-
hort occurred in patients with connective-tissue disease,
mostly scleroderma. The fact that half of the patients in
whom a repeat RHC was obtained had mean PAP greater
than 25 mmHg, a finding also reported in scleroderma,*®
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also supports this notion. An elevated TPG has been
recently shown to predict the onset of overt pulmonary
hypertension in scleroderma.'® We now report that an ele-
vated TPG predicts worse survival in patients with bor-
derline PAP. Borderline PAP elevation has also been noted
to be associated with decreased exercise capacity in sclero-
derma.”® Resting mean PAP of 21-24 mmHg is also fre-
quently seen in patients who develop significant elevations
in pulmonary pressures during exercise.”** These data
should not be interpreted to suggest that treatment with
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PAH-targeted therapies is indicated in patients with bor-
derline elevation in PAP. However, on the basis of these
data we suggest that randomized controlled trials of PAH-
targeted therapies in patients with borderline PAP ele-
vation may be warranted, particularly in those with the
highest chance of an adverse outcome, such as those with
scleroderma or an elevated TPG.

It should be noted that in the Cox models, the difference
in survival between the normal-PAP and borderline-PAP
cohorts was of borderline statistical significance. As this
is a retrospective, exploratory analysis, it is possible that
this trend may become statistically significant with a larger
number of patients. As the borderline cohort was older
than the normal cohort, older age may have contributed
to the worse outcome. Another limitation is that we were
unable to determine the cause of death in 3 subjects with
borderline PAP. One patient developed PAH 1 year after
the baseline RHC and then died of aspiration pneumonia
2 years later. Another subject died of sepsis due to hospital-
acquired pneumonia.

In conclusion, our study shows that the context of the
clinical situation, i.e., the underlying medical condition,
is important for interpreting the significance of border-
line elevation in PAP. In the absence of heart or lung dis-
ease, borderline elevation in PAP is associated with levels
of hemodynamic compromise and survival between those
of patients with normal PAP and those of patients with
overt PAH. Underlying connective-tissue disease and an
elevated TPG confer a worse prognosis on patients with
borderline PAP.
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