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Development and Validation of an
Abridged Version of the REVEAL 2.0 Risk

Score Calculator, REVEAL Lite 2, for Use
in Patients With Pulmonary Arterial Hypertension

Raymond L. Benza, MD,; Manreet K. Kanwar, MD,; Amresh Raina, MD, Jacqueline V. Scott, MS; Carol L. Zhao, MS;
Mona Selej, MD, C. Greg Elliott, MD, and Harrison W. Farber, MD

BACKGROUND: Achievement of low-risk status is a treatment goal in pulmonary arterial
hypertension (PAH). Risk assessment often is performed using multiparameter tools, such as
the Registry to Evaluate Early and Long-Term PAH Disease Management (REVEAL) risk
calculator. Risk calculators that assess fewer variables without compromising validity may
expedite risk assessment in the routine clinic setting. We describe the development and
validation of REVEAL Lite 2, an abridged version of REVEAL 2.0.

RESEARCH QUESTION: Can a simplified version of the REVEAL 2.0 risk assessment calculator
for patients with PAH be developed and validated?

STUDY DESIGN AND METHODS: REVEAL Lite 2 includes six noninvasive variables—functional class
(FC), vital signs (systolic BP [SBP] and heart rate), 6-min walk distance (6MWD), brain natriuretic
peptide (BNP)/N-terminal prohormone of brain natriuretic peptide (NT-proBNP), and renal
insufficiency (by estimated glomerular filtration rate [eGFR])—and was validated in a series of an-
alyses (Kaplan-Meier, concordance index, Cox proportional hazard model, and multivariate analysis).

RESULTS: REVEAL Lite 2 approximates REVEAL 2.0 at discriminating low, intermediate, and
high risk for 1-year mortality in patients in the REVEAL registry. The model indicated that
the most highly predictive REVEAL Lite 2 parameter was BNP/NT-proBNP, followed by
6MWD and FC. Even if multiple, less predictive variables (heart rate, SBP, eGFR) were
missing, REVEAL Lite 2 still discriminated among risk groups.

INTERPRETATION: REVEAL Lite 2, an abridged version of REVEAL 2.0, provides a simplified
method of risk assessment that can be implemented routinely in daily clinical practice.
REVEAL Lite 2 is a robust tool that provides discrimination among patients at low, inter-
mediate, and high risk of 1-year mortality.

TRIAL REGISTRY: ClinicalTrials.gov; No.: NCT00370214; URL: www.clinicaltrials.gov;
CHEST 2021; 159(1):337-346

KEY WORDS: calculator; pulmonary arterial hypertension; risk; risk score

FOR EDITORIAL COMMENT, SEE PAGE 14

ABBREVIATIONS: 6MWD = 6-min walk distance; BNP = brain natri-
uretic peptide; c-index = Harrell’s concordance statisticc COMPERA =
Comparative, Prospective Registry of Newly Initiated Therapies for
Pulmonary Hypertension; CTD-PAH = connective tissue-associated
pulmonary arterial hypertension; eGFR = estimated glomerular filtra-
tion rate; ESC/ERS = European Society of Cardiology/European Res-
piratory Society; FC = functional class; FPHR = French Pulmonary
Hypertension Registry; IPAH = idiopathic pulmonary arterial
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hypertension; NT-proBP = N-terminal prohormone of brain natri-
uretic peptide; NYHA = New York Heart Association; PAH = pul-
monary arterial hypertension; PVR = pulmonary vascular resistance;
REVEAL = Registry to Evaluate Early and Long-Term PAH Disease
Management; SBP = systolic BP; WHO = World Health Organization
AFFILIATIONS: From the Ohio State University (Dr Benza), Colum-
bus, OH; Allegheny General Hospital (Drs Kanwar and Raina),
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Take-home Points

Study Question: To develop and validate a simplified
version of the REVEAL 2.0 risk assessment calculator
for patients with PAH.

Results: REVEAL Lite 2, an abridged version of
REVEAL 2.0 that uses six rather than 13 variables,
approximates REVEAL 2.0 at discriminating low,
intermediate, and high risk for 1-year mortality in
patients in the REVEAL Registry.

Interpretation: REVEAL Lite 2 provides a simplified
and robust method of risk assessment for imple-
mentation in routine clinical practice.

Despite advances in the treatment of pulmonary arterial
hypertension (PAH; World Health Organization
[WHO] group 1 pulmonary hypertension), no cure
exists for this progressive and ultimately fatal disease.
However, with timely and effective clinical intervention,
clinical status and survival are improved. The current
goal of PAH treatment is to enable patients to achieve a
low mortality risk status, which has been associated with
improved outcomes.' ” To enable such outcomes,
assessments of mortality risk should be made at PAH
diagnosis and at regular intervals during follow-up. The
results of these assessments should be used to guide
management, including proactive adjustment of
treatment if a low mortality risk status is not achieved."”

Current best practice is for risk assessments to be made
using multiparameter risk assessment tools, such as the
Registry to Evaluate Early and Long-Term PAH Disease
Management (REVEAL) risk calculator versions 1.0 or
2.0, the Comparative, Prospective Registry of Newly

Initiated Therapies for Pulmonary Hypertension
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(COMPERA) method,” the Swedish PAH Register
method,” the French Pulmonary Hypertension Registry
(FPHR) method,'” and the Bologna strategy.'' REVEAL
1.0 and 2.0 estimate PAH mortality risk by assigning
scores using up to 12 or 13 variables, respectively. The
scores are used to categorize patients into specific risk
strata.”” REVEAL 2.0 incorporates new variables and
expanded thresholds from REVEAL 1.0 to improve risk
discrimination. The COMPERA, FPHR, and Bologna
methods use data from up to six variables and assign
mortality risk based on thresholds published in the
European Society of Cardiology/European Respiratory
Society (ESC/ERS) pulmonary hypertension
guidelines.>'*'" Of clinical importance, REVEAL 2.0,
when compared with COMPERA and FPHR, showed
greater risk discrimination than either of the two ESC/
ERS-based risk assessment strategies.”

The need for timely and regular risk assessment in PAH
is acknowledged widely1’5’10’12’13; however, real-world
evidence indicates that risk assessment in the clinical
setting is suboptimal.'* Several barriers to practical
implementation have been documented, including the
complexity of tools,'” the number of parameters that
need to be included (with a reported 41% of patients
excluded from risk calculation analysis because of
insufficient measurements), and a desire to avoid
potentially unnecessary invasive procedures."*

To expedite risk assessment in the clinic, where
comprehensive data for all patients may be lacking and
time constrained, risk assessment tools using fewer
variables may be preferable. To this end, we developed
two simplified risk calculators, REVEAL Lite 1 and
REVEAL Lite 2. Both are based on the recently developed
and validated REVEAL 2.0 risk calculator,”'®"” but in an
abridged format. REVEAL Lite 1 uses only nine
noninvasive variables, whereas REVEAL Lite 2 uses only
six modifiable and noninvasive variables.'® Herein, we
present results from analyses conducted during
development and internal validation of REVEAL Lite 2.

Methods

Patient Characteristics

REVEAL Lite 2 was developed using data from patients enrolled in the
REVEAL (final database lock, February 4, 2013). The same patient
population used for REVEAL 2.0 development was used for the
current REVEAL Lite 2 analysis. Patients enrolled in REVEAL were
eligible if they were 18 years of age or older at diagnosis, met
hemodynamic criteria for PAH (ie, pulmonary capillary wedge
pressure = 15 mm Hg), and had = 12 months of follow-up data
available. This enabled the capture of all-cause hospitalization data
from the previous 6 months for development of the REVEAL 2.0 tool.
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TABLE 1 | Variables Included in the REVEAL 2.0 and REVEAL Lite 2 Risk Calculators and Associated Risk Scores

Parameter

REVEAL 2.0 (13 Variables)

REVEAL Lite 2 (6 Variables)

Cause

Heritable: +2
Demographics Men > 60 y: +2

Renal insufficiency
available: +1

NYHA or WHO FC FCI: -1
FC III: +1
FCIV: +2

All-cause hospitalization within +1

the previous 6 mo

Vital signs SBP < 110 mm Hg: +1
HR > 96 bpm: +1
6MWD = 440 min: -2

< 165 min: +1
BNP/NT-proBNP

Echocardiogram

Pulmonary function test

RHC within 1y mRAP > 20 mm Hg: +1
PVR < 5 Wood units: —1
Total score Sum of above scores +6

320-< 440 min: -1

BNP < 50 pg/mL OR NT-proBNP < 300 pg/mL: -2
BNP 200-< 800 pg/mL: +1
BNP =800 pg/mL OR NT-proBNP =1100 pg/mL: +2

Pericardial effusion: +1
% predicted Dico < 40%: +1 —

Connective tissue disease: +1 —
Portopulmonary hypertension: +3

eGFR < 60 mL/min/1.73 m? or defined by clinical judgment if eGFR is not

Sum of above
scores +6

Em dashes denote parameter not included in REVEAL Lite 2. 6BMWD = 6-min walk distance; BNP = brain natriuretic peptide; bpm = beats per minute;
Dico = diffusing capacity of the lungs for carbon monoxide; eGFR = estimated glomerular filtration rate; FC = functional class; HR = heart rate; mRAP =
mean right atrial pressure; NT-proBNP = N-terminal prohormone of brain natriuretic peptide; NYHA = New York Heart Association; PAH = pulmonary
arterial hypertension; PVR = pulmonary vascular resistance; REVEAL = Registry to Evaluate Early and Long-Term PAH Disease Management; RHC = right

heart catheterization; SBP = systolic BP; WHO = World Health Organization.

One year after enrollment was considered baseline for these analyses.
Patients were excluded from the analyses if they were participating in
a blinded clinical trial at enrollment or if they received a lung
transplant within 1 year of enrollment (e-Appendix 1; e-Fig 1).

Risk Assessment Tools

The relevant parameters and variables and associated scoring
included in the REVEAL 2.0 and REVEAL Lite 2 risk calculators
are presented in Table 1. REVEAL Lite 2 is based on REVEAL 2.0,
but includes only six noninvasive and modifiable parameters: New
York Heart Association (NYHA) or WHO functional class (FC),
vital signs (systolic BP [SBP] and heart rate), 6-min walk distance
(6MWD), brain natriuretic peptide (BNP)/N-terminal prohormone
of brain natriuretic peptide (NT-proBNP), renal insufficiency (if
estimated glomerular filtration rate [eGFR] <60 mL/min/1.73 m?
or reported as “renal insufficiency,” as assessed by the principal
investigator when eGFR was unavailable). For both REVEAL 2.0
and REVEAL Lite 2, patients were grouped into three risk
categories according to ESC/ERS guidelines.”” For the REVEAL
2.0 assessment, and based on the 1-year mortality outcomes in the
REVEAL derivation data (with scores ranging from 0 to 23), a
score between 0 and 6 was considered low risk, a score of 7 or 8
was considered intermediate risk, and a score of 9 or higher was
considered high risk.” For the REVEAL Lite 2 assessment (with
scores ranging from 1 to 14), a score between 1 and 5 was considered
low risk, a score of 6 or 7 was considered intermediate risk, and a score
of 8 or higher was considered high risk. Risk was calculated for both

risk calculators using data from a subpopulation of the REVEAL who
had survived = 1 year after enrollment. To provide proper reference for
REVEAL Lite 2 to REVEAL 2.0, the same dataset used for REVEAL 2.0
was also used for REVEAL Lite 2. REVEAL Lite 2 scores at time of
enrollment were recalculated for patients included in this analysis. A
correction factor of 6 was used for REVEAL Lite 2 calculations.

Statistical Methods

REVEAL Lite 2 is based on earlier versions of the REVEAL risk
assessment tools 1.0 and 2.0. Detailed descriptions of the statistical
methods used in their development have been described previously
for REVEAL 1.0° and REVEAL 2.0.” Patient data, definitions, and
algorithm of derivations from the development of REVEAL 2.0 were
used in the current analysis, in which baseline risk was calculated
based on the last available assessment at 12 months’ follow-up or an
earlier time point, starting from enrollment. A score of zero was
assigned for missing individual assessments.

The six noninvasive and modifiable parameters were classified onto
categorical values according to the REVEAL 2.0 risk calculator:
NYHA FC (-2, 0, 1, 2), SBP (0, 1), heart rate (0, 1), 6MWD (-2,
—1, 0, 1), BNP/NT-proBNP (-2, 0, 1, 2), renal insufficiency (0, 1).
The Cox proportional hazard model with the six parameters as
independent variables and survival time as the dependent variable
was used to derive the prognostic equation, in which stepwise
selection was used to rank the impact of these prognostic
parameters. The Cox proportional hazard model was used to
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compare the survival rate between risk groups, Harrell’s concordance
statistic (c-index) was used as a goodness-of-fit measure, and the
associated 95% CIs were used to evaluate the discrimination of the
risk assessment tools.

The Kaplan-Meier method was used to estimate 1-year survival from
baseline for each of the risk score groups for both risk calculators

(REVEAL 2.0 and REVEAL Lite 2). Simple K values were calculated
to examine the agreement between REVEAL 2.0 and REVEAL Lite
2 on risk group classifications. C-indexes were used to evaluate the
impact of missing factors when one or more individual factors
were missing from the model on the discrimination of REVEAL
Lite 2. All analyses were conducted using SAS version 9.4 software
(SAS Institute).

Results

In total, 2,529 of the 3,515 patients enrolled in REVEAL
Registry were eligible for inclusion in our analyses (e-Fig
1). Proportions of patients with available data for each
variable and handling of missing data were reported
previously.” Patient demographics and clinical
characteristics for these patients at 1 year after
enrollment are presented in Table 2. Approximately
50% of patients had idiopathic PAH (IPAH) and

25% had connective tissue-associated PAH (CTD-PAH).
Most patients (approximately 87%) were classified as
NYHA FC II/IIIL.

Estimation of 1-Year Mortality

Kaplan-Meier survival curves to 5 years by REVEAL 2.0
and REVEAL Lite 2 are shown in Figure 1A and 1B,
respectively. Both demonstrate clear separation of risk
between each risk stratum. The results of the Kaplan-
Meier, hazard ratio, and c-index calculations for 1-year
survival are presented in Table 3. These data show that
REVEAL Lite 2 approximates the “parent” REVEAL 2.0
risk calculator at discriminating among patients at low,
intermediate, or high risk for 1-year mortality (based on
c-index). This was the case regardless of whether the
data were compared using categorical or numerical
values. The c-indexes using categorical values were 0.73
(95% CI, 0.71-0.75) and 0.70 (95% CI, 0.68-0.72) for
REVEAL 2.0 and REVEAL Lite 2, respectively. The
c-indexes, using the original numerical values, were 0.76
(95% ClI, 0.74-0.78) and 0.73 (95% CI, 0.71-0.75) for
REVEAL 2.0 and REVEAL Lite 2, respectively. Because
REVEAL 2.0 was developed based on data at 12 months
of follow-up (as baseline), we also examined whether
REVEAL Lite 2 provides consistent discrimination at the
time of enrollment. When we applied REVEAL Lite 2 to
value at enrollment (N = 3,046 PAH patients), the
c-index was 0.71 (95% CI, 0.69-0.73), indicating good
discrimination. We calculated the c-index for IPAH

(n = 1,171) and CTD-PAH (n = 649) subgroups
separately using REVEAL Lite 2. C-indexes, using the
original numerical values, were 0.74 (95% CI, 0.71-0.77)
and 0.76 (95% CI, 0.73-0.79) and, using categorical

values, were 0.71 (95% CI, 0.68-0.74) and 0.72 (95% CI,
0.69-0.75) for IPAH and CTD-PAH, respectively.

TABLE 2 | Patient Demographics and Clinical
Characteristics at 1 Year After Enrollment

Patients With 1y of Follow-up
Characteristic (N = 2,529)
Age, mean (SD), y 53.6 (14.3)
Sex, No. (%)
Male 505 (20.0)
Female 2,024 (80.0)
Race, No. (%)
White 1,809 (71.5)
Black 330 (13.0)
Hispanic 228 (9.0)
Asian or Pacific Islander 85 (3.4)
Native American or 16 (0.6)
Native Alaskan
Other 22 (0.9)
Unknown 39 (1.5)
WHO group I PAH
subgroup, No. (%)
Idiopathic 1,171 (46.3)
Heritable® 74 (2.9)
Other 18 (0.7)
PAH associated with
Connective tissue 649 (25.7)
disease
Congenital heart disease 244 (9.6)
Portal hypertension 139 (5.5)
HIV 48 (1.9)
Other 186 (7.4)
Modified NYHA or WHO FC,
No. (%)°
I 203 (8.4)
II 1,003 (41.3)
11 1,116 (45.9)
v 108 (4.4)

FC = functional class; NYHA = New York Heart Association; PAH = pul-
monary arterial hypertension; WHO = World Health Organization.
?Some, but not all, had confirmed BMPR2 or ALK mutations.

PData were missing for 99 patients.

340 Original Research

[ 159#1 CHEST JANUARY 2021 |



Prognostic Equation was associated with higher risk of death (e-Table 1).

Cox proportional hazard multivariate analysis showed Predicted 1-year survival was computed as follows: S0(1)

By . . . .
that all variables and scores were independent exp”P"), where S0(1) is the baseline survivor function

IR : . .
prognosticators of survival and that higher risk score (0.925), Z'B is the linear component, and ¥ is the
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TABLE 3 | Hazard Ratios and Concordance Indexes for Estimation of 1-Year Mortality

Risk Assessment Kaplan-Meier Estimated
Strategy and Risk No. of Patients Mortality at 1y, HR (95% CI) Compared C-Index (95% CI),
Group (%) % (95% CI) With Low-Risk Group Three-Category/Original
REVEAL 2.0 (N = 2,529)
Low (score, = 6) | 1,073 (42.4) 1.9 (1.1-2.7) NA 0.73 (0.71-0.75)/0.76 (0.74-0.78)
Intermediate 692 (27.4) 6.5 (4.7-8.4) 2.73 (2.2-3.4)
(score, 7-8)
High 764 (30.2) 25.8 (22.7-28.9) 8.09 (6.6-9.9)
(score, = 9)
REVEAL Lite 2 (N = 2,529)
Low (score, = 5) 960 (38.0) 2.9 (1.8-3.9) NA 0.70 (0.68-0.72)/0.73 (0.71-0.75)
Intermediate 883 (34.9) 7.1 (5.4-8.8) 2.27 (1.8-2.8)
(score, 6-7)
High 686 (27.1) 25.1 (21.9-28.4) 6.35 (5.2-7.8)
(score, = 8)

c-index = Harrell's concordance statistic; HR, hazard ratio; NA = not applicable. See Table 1 legend for expansion of other abbreviation.

shrinkage coefficient (0.976). The core of the prognostic
equation is Z, the linear component of the Cox model
(e-Table 2).

All parameters were found to be highly predictive (based
on 7 * value for individual variables), with the
exceptions of heart rate and NYHA or WHO FC I
(e-Table 1). However, it is important to note that only
203 patients (8.4%) in the analysis sample had NYHA or
WHO FC I disease. The model indicated that the most
highly predictive parameter was BNP/NT-proBNP (y, >
value for high level, 56.4254; P < .0001), followed by
6MWD (% 2 value for = 440 m, 48.1825; P < .0001), and
NYHA or WHO FC IV ( % value, 38.0737; P < .0001).

Agreement Between Risk Calculators

Agreement between REVEAL 2.0 and REVEAL Lite 2
was examined using the simple k method and is
presented in Table 4. With all patients included and
missing variables scored as zero (analysis 1; N = 2,529),
the agreement between the two methods using the
simple k method was good at 0.62 (good, 0.61-0.80).
When risk scores were calculated based on patients
without missing BNP/NT-proBNP or 6MWD values
(analysis 2; n = 1,505), the K value improved to 0.67
(and the lower boundary of the CI increased to 0.64).
With either analysis 1 or 2, no patient was assessed as
low risk using REVEAL 2.0 who was found to be at high
risk using REVEAL Lite 2.

Handling of Missing Values

The impact of missing variables was evaluated using
c-index. Scenarios of missing one, two, and three

variables were used. The results are presented in Table 5.
REVEAL Lite 2 provided good discrimination between
risk groups missing any one variable. As presented in the
earlier section on prognostic equation, not all variables
within REVEAL Lite 2 are of equal prognostic value; the
three variables of most prognostic value are BNP/NT-
proBNP, 6MWD, and NYHA or WHO FC. At baseline,
BNP/NT-proBNP was missing in 797 patients, 6 MWD
was missing in 317 patients, and NYHA or WHO FC
was missing in 99 patients (Table 5). When any one of
six variables were missing, the c-index was = 0.70,
indicating good discrimination. Missing one of the
variables having higher prognostic value was associated
with greater reduction in discrimination. When one to
three variables from the three least important variables
were missing (ie, eGFR, SBP, heart rate, or a
combination thereof), REVEAL Lite 2 still provided
good discrimination between risk groups. However,
when two variables from the top three variables (BNP/
NT-proBNP, 6MWD, and NYHA or WHO FC) were
missing, the c-index would be < 0.70, which is below the
threshold for good discrimination.

Discussion

REVEAL Lite 2 is a multiparameter risk assessment tool
for patients with PAH that provides a simplified and
robust risk calculator for routine clinical
implementation. It is an abridged version of the
REVEAL 2.0 risk calculator that uses six (rather than 13)
exclusively noninvasive and modifiable variables.
REVEAL Lite 2 closely approximates REVEAL 2.0 at
discriminating among patients in the REVEAL Registry
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TABLE 4 | Effect of Missing Values on Agreement Between REVEAL 2.0 and REVEAL Lite 2

REVEAL Lite 2
Analysis Low Intermediate High Simple k Value (95% CI)
Analysis 1°
REVEAL 2.0
Low 844 229 0
Intermediate 102 477 113 0.62 (0.60-0.65)
High 14 177 573
Analysis 2°
REVEAL 2.0 .
Low 565 102 0
Intermediate 61 242 58 0.67 (0.64-0.71)
High 7 92 378

See Table 1 legend for expansion of abbreviations.
All patients included (n = 2,529); missing values counted as 0.

®Only patients with all values present for both BNP/NT-proBNP and 6MWD included (n = 1,505).

at low, intermediate, and high risk for 1-year mortality
(based on the c-index), using either categorical values
(low, intermediate, or high risk) or the original
numerical values (risk scores). The model indicated that
the most highly predictive parameter included in
REVEAL Lite 2 (based on the 7 * value) was BNP/NT-
proBNP, followed by 6MWD and NYHA or WHO FC.
Assessment of the level of agreement between REVEAL
Lite 2 and REVEAL 2.0 was found to be good (when
missing variables were scored as zero); agreement
increased when recalculated using data only from patients
without missing BNP/NT-proBNP or 6MWD values.

During the development of REVEAL Lite 2, we
conducted a series of rigorous analyses to validate the
results obtained using this abridged risk calculator by
comparing them with those produced by the parent risk
calculator, REVEAL 2.0. In the analysis of agreement
between REVEAL 2.0 and REVEAL Lite 2, using data
from all patients in the REVEAL cohort, including those
with missing values, one of the most important findings
was that no patients assessed as being at low risk using
REVEAL 2.0 were found to be at high risk using
REVEAL Lite 2; furthermore, only a small number of
patients found to be at low risk using REVEAL 2.0 were
assessed as being at intermediate risk using REVEAL
Lite 2 (n = 229). Therefore, REVEAL Lite 2 has clinical
usefulness in screening patients because it can be used as
a relatively quick and simple method for accurately
identifying patients predicted to have a low risk for 1
year of mortality.

Risk discrimination of patients enrolled in REVEAL
using REVEAL Lite 2 seems more accurate than that

obtained using risk assessment methods based on ESC/
ERS guidelines thresholds. For example, when two
versions of the FPHR method (four-variable and three-
variable formats) were used to assess risk in the same
subpopulation of patients from REVEAL, the c-indexes
obtained were 0.61 (95% CI, 0.59-0.63) and 0.67

(95% CI, 0.65-0.68)""; these are both lower than the
c-index obtained using REVEAL Lite 2 (0.70 [95% CI,
0.68-0.72]) (e-Table 3). This improved discrimination
may be because REVEAL Lite 2 variables are weighted.
In addition, neither the FPHR nor COMPERA method
fully account for missing data: the FPHR method cannot
be used if one variable is missing, whereas COMPERA
takes the average for missing variables. In general,
REVEAL Lite 2 provides the highest discrimination
when all six variables are measured. When missing
values exist, REVEAL Lite 2 still provides good
discrimination if = 50% of six variables are measured,
including at least two variables from the three top
prognostic variables. Missing variables are imputed as
zero when calculating REVEAL Lite 2 risk score. The
finding that having the three least discriminating
variables missing still allows REVEAL Lite 2 to assess
risk in patients is consistent with the FPHR approach
(ie, having only FC, 6MWD, and BNP/NT-proBNP is
sufficient); however, REVEAL Lite 2 also provides the
possibility to discriminate among low, intermediate, and
high risk. Another notable finding from our analyses is
that the c-index for risk discrimination obtained using
REVEAL Lite 2 was good when based on the three risk
categories (low, intermediate, and high), but was equally
robust when the risk scores were used. Our findings also
should prompt discussion around how risk categories
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TABLE 5 | Effect of Missing Values on Risk Discrimination Using REVEAL Lite 22

Lite 2 Model Description

Variables Included in the Model (N = 2,529; Missing Value
Assumed of 0 Risk Score)

C-Index (95% CI)

All 6 parameters/variables included

Missing 1 parameter/variable

No BNP/NT-proBNP

No 6MWD

No NYHA or WHO FC

No HR

No renal insufficiency

No SBP

Missing 2 parameters from top 3 parameters or
variables BNP/NT-proBNP, 6MWD, and NYHA or
WHO FC

Lite 2 (no BNP and 6MWD)
Lite 2 (no NYHA and 6MWD)
Lite 2 (no NYHA and BNP)

Missing 2 parameters or variables from SBP, renal

insufficiency, and HR
Missing SBP and renal insufficiency
Missing HR and SBP

Missing HR and renal insufficiency

Missing SBP, renal insufficiency, and HR (3
parameters or variables)

BNP/NT-proBNP, 6MWD, NYHA or WHO FC,
SBP < 110 mm Hg, HR >96 bpm, renal
insufficiency

6MWD, NYHA/WHO FC, SBP <110 mm Hg, HR >
96 bpm, renal insufficiency

BNP/NT-proBNP, NYHA or WHO FC, SBP
< 110 mm Hg, HR > 96 bpm, renal insufficiency

BNP/NT-proBNP, 6MWD, SBP < 110 mm Hg, HR
> 96 bpm, renal insufficiency

BNP/NT-proBNP, 6MWD, NYHA or WHO FC,
SBP < 110 mm Hg, renal insufficiency

BNP/NT-proBNP, 6MWD, NYHA or WHO FC,
SBP < 110 mm Hg, HR > 96 bpm

BNP/NT-proBNP, 6MWD, NYHA or WHO FC, HR
> 96 bpm, renal insufficiency

NYHA/WHO FC, SBP < 110 mm Hg, HR > 96,
renal insufficiency

BNP, SBP < 110 mm Hg, HR > 96, renal
insufficiency

6MWD, SBP < 110 mm Hg, HR > 96, renal
insufficiency

BNP/NT-proBNP, 6MWD, NYHA or WHO FC, HR
> 96 bpm

BNP/NT-proBNP, 6MWD, NYHA or WHO FC,
renal insufficiency

BNP/NT-proBNP, 6MWD, NYHA or WHO FC,
SBP < 110 mm Hg

BNP/NT-proBNP, 6MWD, NYHA or WHO FC

0.73 (0.71-0.75)

0.70 (0.68-0.72)

0.71 (0.69-0.73)

0.72 (0.70-0.74)

0.73 (0.71-0.75)

0.73 (0.71-0.75)

0.73 (0.71-0.75)

0.67 (0.65-0.69)

0.68 (0.66-0.70)

0.69 (0.67-0.71)

0.72 (0.70-0.74)

0.73 (0.71-0.75)

0.72 (0.70-0.74)

0.72 (0.70-0.74)

See Tables 1, 2, and 3 legends for expansion of abbreviations.

“No. of patients with missing variables at baseline: BNP/NT-proBNP, n = 797; 6MWD, n = 317; NYHA or WHO FC, n = 99; HR, n = 6; renal insufficiency, n =

0; SBP, n = 8.

are assigned and whether any additional categories are
needed to represent patients with risk scores that do not
fall into existing categories. Although categorizing risk
can provide clearer guidance to associate treatment with
risk and change in risk, the increase in the 1-year death rate
between intermediate-risk and high-risk groups from
7.1% to 25.1% suggests that more risk groups have yet to be
identified or that using continuous variables (ie, risk scores)
rather than risk category should be strongly considered.

In clinical settings, limitations in data availability, as well
as time constraints, may make a risk assessment strategy

that assesses fewer variables (such as REVEAL Lite 2)
more practical than existing methods. In our analyses,
we looked at the impact of missing data on REVEAL
Lite 2 and found that even if all three of the variables
classed as least valuable were missing (ie, heart rate, SBP,
and eGFR), REVEAL Lite 2 still provided good
discrimination among risk groups. However, in clinical
practice it would be very rare for patients to be missing
many of the six variables used in REVEAL Lite 2.
Furthermore, REVEAL Lite 2 achieved good
discrimination when applied at enrollment,
demonstrating that it can be used at the appropriate
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time point in routine clinical practice when patients
begin therapy. Another potential advantage of using
REVEAL Lite 2 is that like its parent risk calculator
(REVEAL 2.0), REVEAL Lite 2 uses weighting of
variables. Weighting is achieved by assigning an integer
score to a risk factor; this score is proportional to its
contribution to the overall risk rating. The use of
weighting improves the degree of agreement between
predicted and observed risk.” Other risk assessment
tools, such as the FPHR, COMPERA, and Bologna
methods,”'? either do not use weighting of variables
(FPHR and Bologna) or use only equal weighting
(COMPERA), rather than assigning different weight
based on predictive value and performance by statistical
model incorporated in the REVEAL risk assessment
tool, thus impacting their ability to assign risk
accurately. Previous analyses conducted in a
subpopulation of patients in the REVEAL Registry
demonstrated that the parent risk calculator REVEAL
2.0 has greater discrimination than COMPERA and
FHPR’ and that REVEAL Lite 2 has greater
discrimination than both FPHR and Bologna risk
assessment strategies.18

In the clinical setting, we recommend that the full REVEAL
2.0 score be used for baseline, 4- to 6-month, and yearly
evaluations in treatment-naive patients. The abridged
REVEAL Lite 2 form could be used in between these time
points to project a trajectory using a simpler three-
component system. In established patients, the full score
should be used for yearly assessments and the abridged
three-component score should be used in between to
monitor trajectory and to ensure that patients remain in the
low-risk category. We further recommend that if the
abridged three-component score indicates an increase in
risk status, a full REVEAL 2.0 score should be completed,
additional studies should be completed (ie, imaging), or
both. REVEAL Lite 2 is intended to complement rather
than replace REVEAL 2, and our recommendations aim to
facilitate appropriate incorporation of REVEAL Lite 2 into
routine clinical practice.

Our analyses do have some limitations. Because we used
a derivative cohort (ie, a REVEAL cohort) to confirm
our findings, REVEAL Lite 2 must be validated in a
nonderivative cohort and as needed in other WHO
group populations. In subgroup analysis, the

discrimination applied in IPAH and CTD-PAH causes
were as consistent as in the overall patient population
with c-indexes of more than 0.7. Patients in REVEAL
were treated at specialized PAH centers within the
United States; therefore, our results (using data
exclusively from REVEAL patients) may not be
applicable to PAH patients who receive treatment in
different clinical settings. The results of the present
study may be subject to survival bias because we used
data from patients in REVEAL who had survived for
= 1 year from enrollment (to account for all-cause
hospitalization data in the previous 6 months). Although
the time frame for enrollment in REVEAL was limited to
a population from 2013, the parent REVEAL 2.0 risk
calculator has been tested in large randomized trials of

o_
9-22 and

the four agents approved for PAH since 2013'
registries."
analyses, indicating good discrimination of the REVEAL
2.0 risk calculator in contemporary trials and registries.
A potential and timely advantage of REVEAL Lite 2 is its

applicability to remote telehealth, especially in the

17 . .
C-indexes were 0.7 or more in these

current coronavirus disease 2019 environment. Efforts
to improve further the usability of REVEAL Lite 2 are
ongoing, including potential incorporation of the tool
into electronic medical records.”’

Conclusions

REVEAL Lite 2 is an abridged version of REVEAL 2.0
that was developed to provide clinicians with a
simplified method of risk calculation that can be
implemented routinely in clinical practice. When
compared with REVEAL 2.0, REVEAL Lite 2 is robust,
providing good discrimination between patients at low,
intermediate, and high 1-year mortality risk. After being
validated independently, REVEAL Lite 2 could be used
for screening patients with PAH because it readily
discriminates between patients at low risk compared
with those not at low risk. A detailed analysis of the six
variables used in the REVEAL Lite 2 risk calculator
found that they were not equally valuable. Ideally,
missing values should be avoided whenever possible.
However, assessment of 1-year mortality risk based on at
least three REVEAL Lite 2 variables (including at least
two of the three most valuable variables [ie, BNP/NT-
proBNP, 6MWD, and WHO FC]) seems to be accurate.
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