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Baseline and Serial Brain Natriuretic
Peptide Level Predicts 5-Year Overall
Survival in Patients With Pulmonary
Arterial Hypertension

Data From the REVEAL Registry

Robert P. frantz, MD, Harrison W. Farber, MD, David B. Badesch, MD, C. Greg Elliott, MD, Adaani E. Frost, MD,
Michael D. McGoon, MD, Carol Zhao, MS; David R. Mink, MS, Mona Selej, MD, and Raymond L. Benza, MD

BACKGROUND: Plasma brain natriuretic peptide (BNP) level is a prognostic biomarker in
pulmonary arterial hypertension (PAH). Its impact on long-term overall survival (OS) was
investigated in the Registry to Evaluate Early and Long-term Pulmonary Arterial Hyper-
tension Disease Management (REVEAL), a 5-year observational, multicenter, US registry of
patients with PAH.

METHODS: Patients were = 18 years of age, met right heart catheterization criteria at rest, had
World Health Organization group I PAH, and had BNP measurement at enrollment.
Optimal BNP threshold was obtained via receiver operating characteristic curve analysis. OS
was compared in patients with low (= 340 pg/mL) vs high (> 340 pg/mL) BNP at baseline;
changes between baseline and last assessment were also examined. Patients were categorized
based on baseline (low or high) and follow-up (low or high) BNP values; hazard ratios (HRs)
for OS were estimated and compared using Cox regression.

RESULTS: Overall, 1,426 patients were analyzed. Mortality risk was significantly higher in
patients with baseline high vs low BNP (HR, 3.6; 95% CI, 3.0-4.2). BNP change analysis at =
1 year postenrollment demonstrated that the low-low group had the lowest and the high-high
group had the highest 5-year mortality risk (HR, 0.23; 95% CI, 0.19-0.27). Changes in BNP
score also correlated with change of risk of death.

CONCLUSIONS: Baseline BNP threshold of 340 pg/mL strongly predicted survival up to 5 years
in patients with PAH. A BNP reduction at 1 year since enrollment was associated with
decreased mortality risk, whereas an increase in BNP at 1 year was associated with an
increased mortality risk, supporting BNP as a surrogate marker of PAH survival.
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Pulmonary arterial hypertension (PAH) is a rare,
often fatal disease that is characterized
hemodynamically by increased pulmonary artery
pressure and pulmonary vascular resistance
culminating in right ventricular failure and death."”
Estimates of its prevalence range from 15 to 26 cases
per 1 million people.’”’

Much of what is known about this rare disease has been
derived from patient registries.”” The largest registry of
patients with PAH established to date is the multicenter,
observational US-based Registry to Evaluate Early and
Long-term Pulmonary Arterial Hypertension Disease
Management (REVEAL). Initiated in 2006, REVEAL has
enrolled > 3,000 patients with World Health
Organization (WHO) group I PAH.° The data from
REVEAL have allowed us to assess the relationship
between patient and disease-specific parameters and
clinical outcomes.

Previous analyses indicate that overall survival (OS)
rates of patients with PAH remain poor.”” The 5-year
OS rate was 65.4% for previously diagnosed

patients and 61.2% for newly diagnosed patients.”
Those with more advanced disease (New York Heart
Association [NYHA] functional class [FC] III or IV)
had even lower 5-year rates of OS (previously

diagnosed patients: FC III 57.0% and FC IV 27.2%;
newly diagnosed patients: FC III 60.0% and FC
IV 43.8%).

Plasma brain natriuretic peptide (BNP) is a
hormone secreted mainly by the cardiac ventricles,
with levels increasing in proportion to the degree of
right ventricular dysfunction in patients with
pulmonary hypertension.® Plasma BNP level has
been shown to be an independent predictor of
mortality in patients with PAH.”'" A previous
analysis from REVEAL indicated that a BNP

level > 180 pg/mL was predictive of an increased
risk of mortality at 1-year postenrollment. The 180
pg/mL BNP threshold was developed based on an
earlier REVEAL data cut (n = 2,716) to predict 1-year
survival and was used for calculation of a
multivariable prognostic score—the REVEAL PAH
risk score.'’ Patients with a baseline plasma BNP

> 180 pg/mL had a significantly lower

survival rate than those with a baseline plasma

BNP = 180 pg/mL (hazard ratio [HR], 3.2; 95% CI,
2.7-3.8; P < .001).

Using the final REVEAL database of 3,515 patients
followed over 5 years, the present analysis represents the
largest and longest BNP cohort to date.

Methods
Study Design and Analytic Cohort

The study design, including inclusion and exclusion criteria and
statistical methods, of the REVEAL Registry have been described
previously.® The study was conducted in accordance with the amended
Declaration of Helsinki, and the protocol was reviewed and approved
by the institutional review board at each participating center (e-
Appendix 1), with written informed consent obtained from all patients.®

This analysis included patients who had a BNP measurement at
enrollment, were = 18 years of age, had WHO group 1 PAH
(confirmed by right-sided heart catheterization), and had pulmonary
arterial wedge pressure = 15 mm Hg measured at rest at the time of
diagnosis. There were no protocol-driven measurements of BNP.
Where available, BNP level measured from clinical assessment was
collected at enrollment. Results of any subsequent BNP
measurements were collected on a quarterly basis thereafter; BNP
assay methodologies from each institution were not collected.
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analysis presented.

CORRESPONDENCE TO: Robert P. Frantz, MD, Department of Car-
diovascular Medicine, Mayo Clinic College of Medicine, 200 First St
SW, Rochester, MN 55905; e-mail: frantz.robert@mayo.edu
Copyright © 2018 American College of Chest Physicians. Published by
Elsevier Inc. All rights reserved.

DOT: https://doi.org/10.1016/j.chest.2018.01.009

chestjournal.org

Data included in this analysis are based on the final database as of
February 4, 2013.

Statistical Methods

Data were summarized by descriptive statistics. Optimal BNP
thresholds for predicting OS over 5 years were identified via
receiver operating characteristics analysis (e-Fig 1). BNP values
were categorized as high and low using these thresholds. Changes
in BNP were also examined, with patients categorized as low-low
(low BNP at baseline and last assessment), low-high (BNP
increased from low at baseline to high at last assessment), high-
low (BNP decreased from high at baseline to low at last
assessment), and high-high (high BNP at baseline and last
assessment). To minimize selection bias, patients who did not
have a BNP value postenrollment were classified as no change
and included in the low-low or high-high group, depending on
their initial BNP value. HRs for OS and comparisons between
groups based on the BNP threshold were calculated using Cox
regression. Survival status was based on patient vital status up to
the last follow-up visit; patients who received a transplant, either
before or after study enrollment, were treated in the analysis the
same as other patients. Correlation coefficients between plasma
BNP level on a log transformed scale and other prognostic
factors at baseline were calculated using Pearson correlation
coefficient.

BNP Score

BNP scores were developed based on the change in HR from the
Cox regression model. BNP values of < 50, 50 to < 80, 80
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to < 200, 200 to < 500, 500 to < 1,100, and = 1,100 pg/mL were
assigned scores of 0, 1, 2, 3, 4, and 5, respectively. Absolute value
change in BNP scores between baseline and postbaseline
assessments at 1, 2, 3, 4, and/or 5 years (+ 3 months) was 1

(1 score increase), 2 (2 score increase), or = 3 (= 3 score
increase), 0 (no change), -1 (1 score decrease), -2 (2 score
decrease), or = -3 (= 3 score decrease). BNP scores and change
in BNP scores were used for correlation with OS.

Results

Disposition and Characteristics of Patients

A total of 1,426 patients were included in the analysis
(e-Fig 2). Mean BNP level & SD for all patients was
325.4 £ 614.0 pg/mL at baseline. A BNP threshold of
340 pg/mL was identified by receiver operating
characteristics analysis as being predictive of OS up to
5 years postenrollment. In total, 1,051 patients had a
low (= 340 pg/mL) BNP level (mean, 106.1 £ 88.6 pg/
mL), and 375 patients had a high (> 340 pg/mL) BNP
level (mean, 940 + 949 pg/mL). Almost all baseline
demographics and disease characteristics differed
significantly between patients with a high vs low BNP
as shown in Table 1. Patients with low BNP were
younger, less likely to be newly diagnosed with PAH,
and had better NYHA/WHO FC, longer 6-min walk
distance (6MWD), and better hemodynamics by right
heart catheterization. PAH etiology also differed
significantly between patients with low BNP and
patients with high BNP (P < .05) (Table 1). Compared
with patients with high BNP, a greater proportion of
patients with low BNP had idiopathic PAH

(49.5% vs 42.9%), familial PAH (3.5% vs 2.1%),
portopulmonary hypertension (5.7% vs 4.0%), and
congenital heart disease (9.8% vs 5.6%), but a lower
proportion had connective tissue disease

(23.4% vs 36.8%) and PAH associated with drugs and
toxins (5.1% vs 6.1%), respectively.

Change in BNP Over Time

BNP assessment was performed annually on average
for patients who had at least one postenrollment BNP
assessment. The median time between enrollment and
last BNP assessment was 3 years (interquartile range,
1-5 years). The change in BNP value over time for each
of the 4 BNP shift groups (ie, low-low, low-high, high-
low, high-high) is shown in e-Figure 3. For patients
who had postbaseline values, (1) most had a low
baseline BNP level (= 340 pg/mL) at enrollment and
remained low at last assessment (n = 713, 62.9%), (2)
BNP levels continued to increase over time (until
approximately 3 years) in the group of patients who
shifted from a low to high BNP (> 340 pg/mL)

(n = 143, 12.6%), (3) BNP levels tended to decrease
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gradually over time (until approximately 3 years) in the
subset of patients who shifted from a high to low BNP
(n = 103, 9.1%), and (4) BNP levels remained high
over time in the subset of patients who had high BNP
levels (> 340 pg/mL) at baseline and at last assessment
(n = 174, 15.4%).

When differences between BNP groups by baseline
characteristics were examined (e-Table 1), compared
with patients in the low-low BNP group, patients in the
low-high group were significantly older (median, 55.6
vs 50.8 years; P = .0033), had lower median baseline
BMI (26.3 vs 27.9 kg/m’; P = .0068), had lower median
baseline glomerular filtration rate (68.9 vs 78.9 mL/min/
1.73 m% P = .0004), had lower median baseline mixed
oxygen venous saturation (63.0% vs 67.0%; P = .0055),
and had a difference in etiology, with a lower
proportion diagnosed with idiopathic PAH

(39.9% vs 51.0%) and a higher proportion diagnosed
with PAH associated with connective tissue disease
(35.7% vs 21.5%) (P = .0006), respectively. Compared
with patients in the high-low group, patients in the
high-high group were significantly older (median, 59.2
vs 54.7 years; P = .0017), had a shorter median baseline
6MWD (262.0 vs 327.0 m; P < .0001), had lower
median baseline BMI (25.5 vs 27.4 kg/mz; P = .0111),
had lower baseline median glomerular filtration rate
(62.5 vs 67.4 mL/min/1.73 m? P = .0449), and had a
difference in etiology, with a higher proportion
diagnosed with PAH associated with connective tissue
disease (40.8% vs 26.2%) (P < .0001), respectively. A
significantly higher proportion of patients in the high-
low group were also using IV/subcutaneous prostacyclin
compared with those in the high-high group

(17.5% vs 7.7%, respectively; P = .0057).

Survival Analysis

Five-year Kaplan-Meier survival curves for patients
with measurements of BNP at enrollment are
presented in Figure 1. Patients with a baseline BNP >
340 pg/mL had a significantly higher mortality risk
than those with a baseline BNP =< 340 pg/mL (HR, 3.6;
95% CI, 3.0-4.2; P < .001). Kaplan-Meier 5-year
survival estimates were 72.9% (95% CI, 70.0-75.6) for
patients with a BNP = 340 pg/mL and 32.5% (95% ClI,
27.4-37.8) for patients with a BNP > 340 pg/mL.
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TABLE 1 | Characteristics of Patients With PAH and a BNP Assessment at Enroliment (N = 1,426)

BNP at Enrollment
Characteristic = 340 pg/mL® (n = 1,051) > 340 pg/mL” (n = 375) P Value
Age, Yy 50.9 £+ 14.5 57.0 + 14.3 < .0001
Sex = .05
Male 205 (19.5) 86 (22.9)
Female 846 (80.5) 289 (77.1)
Race = .05
White 778 (74.0) 276 (73.6)
Black 122 (11.6) 59 (15.7)
Hispanic 97 (9.2) 26 (6.9)
Asian or Pacific Islander 34 (3.2) 7 (1.9)
Native American or Native Alaskan 7 (0.7) 1 (0.3)
Other 5(0.5) 2 (0.5)
Unknown 8 (0.8) 4(1.1)
BMI, kg/m? 28.7 £ 7.0 27.3+6.9 < .001
Newly diagnosed 211 (20.1) 129 (34.4) < .0001
PAH etiology < .05
Idiopathic 520 (49.5) 161 (42.9)
Familial 37 (3.5) 8 (2.1)
Connective tissue disease 246 (23.4) 138 (36.8)
Congenital heart disease 103 (9.8) 21 (5.6)
Portopulmonary hypertension 60 (5.7) 15 (4.0)
HIV 18 (1.7) 4(1.1)
Drugs and toxins 54 (5.1) 23 (6.1)
Other 13 (1.2) 5 (1.3)
NYHA/WHO functional class < .0001
I 78 (8.3) 5(1.6)
11 375 (40.1) 72 (22.6)
I 445 (47.6) 193 (60.5)
v 37 (4.0) 49 (15.4)
Disease characteristics
6MWD, m 382.6 + 122.4 (n = 933) 285.7 + 122.1 (n = 305) <.0001
eGFR, mL/min/1.73 m? 78.5 + 25.8 (n = 933) 64.8 £ 24.4 (n = 347) < .0001
Resting mPAP, mm Hg 48.9 + 14.3 (n = 1,043) 52.0 +£ 12.6 (n = 373) < .001
mRAP, mm Hg 8.3 £ 5.1 (n = 1,043) 11.5 + 5.7 (n = 346) < .0001
Cardiac index, L/min/m? 2.5+ 0.9 (n=3881) 2.1 £ 0.7 (n = 305) < .0001
PVRI, Wood units x m? 17.8 £ 11.5 (n = 870) 22.1 + 10.6 (n = 305) < .0001
Resting PAWP, mm Hg 9.7+ 4.0 (n=1,032) 9.8 +4.0 (n=372) = .05
Mixed venous oxygen saturation, % 65.6 + 8.6 (n = 730) 58.5 + 9.9 (n = 227) < .0001

Data are presented as mean + SD, No. (%), or as otherwise indicated. BMWD = 6-min walk distance; BNP = brain natriuretic peptide; eGFR = estimated
glomerular filtration rate; mPAP = mean pulmonary arterial pressure; mRAP = mean right atrial pressure; NYHA = New York Heart Association;
PAH = pulmonary arterial hypertension; PAWP = pulmonary arterial wedge pressure; PVRI = pulmonary vascular resistance index; WHO = World Health
Organization.

“The BNP threshold of 340 pg/mL was determined by receiver operating characteristic curve analysis as being optimal for predicting 5-year overall survival.

3.5% (n = 50) received a transplant during follow-up
(median time to transplant from study enrollment,
2.43 years).

These findings were consistent regardless of
underlying PAH etiology (e-Table 2). Overall, among
those patients included in the survival analysis,
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Figure 1 - Kaplan-Meier estimates of 5-y overall survival for patients with World Health Organization group 1 peripheral arterial hypertension
stratified by baseline BNP value. BNP = brain natriuretic peptide; HR = hazard ratio; mOS = median survival time.

OS by Change in BNP

Analysis of the change in BNP from baseline to the last
BNP assessment available within 1 year is presented in
Figure 2A. Patients were categorized as low-low

(BNP = 340 pg/mL at baseline and 1 year), low-high
(BNP increased from = 340 pg/mL at baseline to > 340
pg/mL at 1 year), high-low (BNP decreased from > 340
pg/mL at baseline to = 340 pg/mL at 1 year), and
high-high (BNP > 340 pg/mL at baseline and 1 year). Of
1,426 patients, approximately 80% had at least one
postenrollment BNP value. Patients without a BNP
value postenrollment were included in the low-low or
high-high group, depending on baseline BNP. For
patients with a postenrollment BNP assessment within 1
year (including those patients without postenrollment
values who were rolled into the low-low or high-high
groups as previously specified), the low-low group (n =
969, 244 events) had the lowest mortality risk, and the
high-high group (n = 300, 205 events) had the highest
mortality risk. The HR for the comparison of the low-
low group with the high-high group was 0.23 for
patients with 1-year postenrollment BNP (95% CI, 0.19-
0.27; P < .001). Changing from a high BNP at baseline
to a low BNP within 1 year (n = 75, 39 events) decreased
the overall risk of death by 40% (HR, 0.60; 95% CI, 0.43-
0.85; P = .004). Compared with the low-low group, the
low-high group (n = 82, 45 events) was associated with
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a significant increase in the risk of death for patients
with 1-year postenrollment BNP (HR, 3.2; 95% CI, 2.35-
4.46; P < .001). In contrast, patients in the low-high
group had a decreased risk compared with the high-high
group within 1-year postenrollment BNP (HR, 0.72;
95% CI, 0.52-1.004; P = .05).

For patients with a BNP assessment within 5 years, the
5-year Kaplan-Meier estimates of OS between BNP
groups were associated with similar, although more
pronounced, trends (Fig 2B). Patients in the low-low
group had a decreased risk of death compared with the
high-high group (HR, 0.12; 95% CI, 0.13-0.19; P < .001).
For patients in the high-low group, BNP values declined
quickly and remained low throughout the 5-year period.
Changing from high BNP to low BNP (n = 103, 38
events) within 5 years decreased the overall risk by
69% (HR, 0.31; 95% CI, 0.22-0.44; P < .001). Compared
with the low-low group, the low-high group (n = 143, 91
events) was associated with a significant increase in
mortality risk (HR, 3.9; 95% CI, 3.02-4.97; P < .001).
Patients in the low-high group had a decreased risk
compared with the high-high group (HR, 0.61; 95% CI,
0.48-0.78; P < .001).

A sensitivity analysis conducted in patients who had
BNP levels available, at baseline and last assessment,
yielded similar results (e-Appendix 2, e-Table 3).
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A Change in BNP level from baseline to last assessment within 1y (+ 3 mo) postenrollment*
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0.2 - Low-High (n = 82, [events = 45])
High-Low (n = 75, [events = 39))
—— High-High (n = 300, [events = 205])
00 T T T T T T T T T 1
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
Years From Enroliment
No. at Risk:
969 945 915 874 827 790 744 703 648 606 568
300 252 214 185 159 141 124 108 89 74 55

BNP level at baseline and at last assessment

(low: <340 pg/mL; high: >340 pg/mL) HR (95% CI) P value
Low-Low vs High-High 0.23 (0.19-0.27) <.001
Low-High vs Low-Low 3.2 (2.35-4.46) <.001
Low-High vs High-High 0.72 (0.52-1.004) .05
High-Low vs High-High 0.60 (0.43-0.85) .004

Figure 2 - A, B, Kaplan-Meier estimates of 5-y overall survival according to change in BNP value relative to baseline (N = 1,426). A, Change in BNP
from baseline to last assessment within 1 y postenrollment. Patients who did not have any BNP assessment within 1 y postbaseline were classified as no
change in BNP. B, Change in BNP from baseline to last assessment within 5 y of enrollment. Patients who did not have any BNP assessment post-
baseline were classified as no change in BNP. See Figure 1 legend for expansion of abbreviations.

Overall, BNP scores alone were highly correlated with
OS (e-Appendix 2, Fig 3), and risk of death correlated
proportionally and significantly with the change in
BNP score between baseline and postbaseline
assessment within 5 years of enrollment (e-Appendix 2,
e-Table 4).

Other BNP Correlations at Baseline

A significant positive correlation was demonstrated
between BNP and mean right atrial pressure (r = 0.3;
P < .001) and NYHA/WHO FC (r = 0.3; P < .001)
(Table 2). Glomerular filtration rate at enrollment

(r = -0.3; P < .001), the most recent 6MWD test

(r = -0.4; P < .001), and the most recent mixed
venous oxygen saturation (r = -0.3; P < .001)

were negatively correlated with BNP at baseline
(Table 2).
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Discussion

This analysis is the largest and longest cohort to examine
the role of BNP as a biomarker in PAH. Our findings
suggest that BNP level strongly predicts 5-year OS in
patients with PAH and that 340 pg/mL is a predictive
BNP threshold.

Patients who remained in the low BNP group had the
lowest mortality risk, and those remaining in the high
BNP group had the highest mortality risk. BNP reduction
within 1 year of enrollment was associated with a

40% decrease in the risk of mortality, whereas an
increased BNP was associated with a 3.2-fold increase in
risk of mortality. Use of two consecutive BNP assessments
provided a more reliable prediction of OS, especially for
improvement. This is supported by the observation that
some patients could start and end with a BNP value =< 340
pg/mL, but have transiently high BNP values (e-Fig 4).
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B Change in BNP level from baseline to last assessment within 5 y of enroliment’

BNP level at baseline and at last assessment

Survival Probability

—— Low-Low (n =908, [events = 198])
Low-High (n = 143, [events = 91])
High-Low (n = 103, [events = 38])

—— High-High (n = 272, [events = 206])

0-0 T T T T T T T T T 1
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
Years From Enroliment
No. at Risk:
908 884 854 816 778 741 703 668 620 584 547
272 224 186 155 131 113 99 85 68 54 37
BNP level at baseline and at last assessment
(low: <340 pg/mL; high: >340 pg/mL) HR (95% CI) P value
Low-Low vs High-High 0.12 (0.13-0.19) <.001
Low-High vs Low-Low 3.9 (3.02-4.97) <.001
Low-High vs High-High 0.61(0.48-0.78) < .001
High-Low vs High-High 0.31 (0.22-0.44) <.001

Figure 2 - Continued

These data confirm and expand on previous REVEAL
results, showing high levels of BNP at enrollment
were a strong indicator of increased mortality.'”""
Benza et al'” identified that a BNP threshold of 50 pg/
mL predicted better survival, whereas a threshold of
180 pg/mL predicted poor survival at 1 year. The
lower BNP threshold likely has a higher sensitivity but
lower specificity for risk, whereas the BNP threshold
in the current study likely has a higher specificity for
risk. An updated analysis of the REVEAL risk score
found that a threshold of 200 to 800 pg/mL imparts
the same degree of risk.'” Overall, BNP levels above
normal are associated with increased mortality risk.
Additionally, these findings are consistent with those
of a primary pulmonary hypertension cohort

(N = 60) where both high baseline plasma BNP and
increases in BNP over 3-month follow-up period were
strong predictors of mortality.” Further, a study of 55
patients with severe pulmonary hypertension
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(including 36 patients with idiopathic PAH) found
that N-terminal pro b-type natriuretic peptide (NT-
proBNP) was useful in long-term prognosis.'” A
separate study of 109 patients with systemic sclerosis
found that NT-proBNP levels > 395 pg/mL were
associated with pulmonary hypertension, and baseline
and serial changes in NT-proBNP over a 10-month
follow-up period were highly predictive of 1-year
survival.'* Results from the randomized clinical trial
of Aspirin and Simvastatin for Pulmonary Arterial
Hypertension (ASA-STAT) demonstrated that, among
65 patients with PAH, higher NT-proBNP levels at
baseline were independently (irrespective of age, sex,
PAH etiology, and 6MWD) associated with increased
risk of death or lung transplantation.'” Importantly,
whereas the follow-up period in these previous studies
was within 1 year of enrollment, our current analysis
demonstrates that BNP is useful in predicting PAH
mortality risk for up to 5 years.
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Baseline BNP vs highest
(>1,100 pg/mL) baseline BNP

Baseline BNP value, pg/mL HR (95% CI) P value
<50 0.10 (0.07-0.14) <.001
50-79 0.19 (0.13-0.29) <.001
80-199 0.29 (0.21-0.40) < .001
200-499 0.44 (0.32-0.60) <.001
500-1,099 0.68 (0.49-0.94) .02
>1,100 NA NA

Figure 3 — Kaplan-Meier estimates of 5-y overall survival, by BNP score at baseline. NA = not applicable. See Figure 1 legend for expansion of other

abbreviations.

Limitations

Other parameters known to have an impact on BNP
(ie, age, weight, renal function, NYHA/WHO FC,
mean right atrial pressure, mean pulmonary arterial
pressure, pulmonary vascular resistance, 6 MWD, peak
oxygen uptake, cardiac index)'*'”
for in this analysis. Although, the BNP score may
provide a simple tool to correlate a biomarker with
clinical outcome, its prognostic strength is likely
improved when combined with other known
prognostic PAH factors.'® In the current study, 3.5% of
patients received a transplant during follow-up, which
may have affected our analysis; however, the trend

were not accounted

chestjournal.org

between BNP change group and OS was consistent
when these patients were excluded from analysis.
Therefore, we do not think the predictive value of BNP
on clinical outcome was affected by transplantation. In
addition, this was an uncontrolled, observational
registry analysis. As such, patient visits were not
mandated, and study measurements were not
mandated nor acquired at predefined intervals.
Although statistically significant, correlations between
BNP and hemodynamic parameters were low
compared with other studies.*”'” These low
correlations may be reflective of timing of assessments
for hemodynamic variables which may not have been
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TABLE 2 | Correlation Coefficients Between BNP Level
and Other Parameters at Baseline

Characteristic No. Coefficient” P Value®
BMI, kg/m? 1,399 -0.11 < .001
Cardiac index, 1,077 -0.14 < .001
L/min/m?
GFR, mL/min/1.73 m? | 1,279 -0.32 < .001
mPAP at rest,” mm Hg | 1,416 0.13 <.001
mRAP, mm Hg 1,337 0.30 < .001
NYHA/WHO FC 1,252 0.30 < .001
PVR,© Wood units 1,385 0.09 < .001
6MWD,” m 1,238 -0.37 <.001
Mixed venous oxygen 957 -0.34 < .001
saturation,® %
PAWP® at rest 1,381 0.04 .140

FC = functional class; GFR = glomerular filtration rate; PVR = pulmonary
vascular resistance. See Table 1 legend for expansion of other abbreviations.
Pearson correlation coefficient and its P value of BNP on a log trans-
formed scale and other parameters.

®Most recent measurement.

“Fick hierarchy: preferred analysis variable.

contemporaneous with corresponding BNP
assessments; therefore, these data should be interpreted
with caution. Because the REVEAL Registry is a

US-based cohort, and reflected real-world clinical
practice in the United States between 2006 and 2012,
the generalizability of these observations to other
treatment eras and countries is unknown. Survival
analyses in PAH cohorts are prone to survivor bias
when patients with different disease durations are
pooled.”” Most patients included in the REVEAL
Registry (86.5%) had established disease at the time of
enrollment.'” However, time from diagnosis was not
independently associated with mortality. Because
treatment practice was evolving over the study period
(between 2006 and 2013), and the data collection of
PAH therapies was limited by patient start/stop date,
this study was not able to clearly define differences
between groups regarding monotherapy or
combination therapy.

Conclusions

Plasma BNP provides a simple, noninvasive, and
relatively inexpensive biomarker that can be monitored
to help inform therapeutic decisions. A BNP threshold
of 340 pg/mL strongly predicted 5-year OS. Importantly,
a change in BNP (and its score) correlated with changes
in mortality risk.
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