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BACKGROUND: Although most newly presenting patients with pulmonary hypertension (PH) have elevated pulmonary artery 
wedge pressure, identification of so- called postcapillary PH can be challenging. A noninvasive tool predicting elevated pulmo-
nary artery wedge pressure in patients with incident PH may help avoid unnecessary invasive diagnostic procedures.

METHODS AND RESULTS: A combination of clinical data, ECG, and echocardiographic parameters was used to refine a previ-
ously developed left heart failure risk score in a retrospective cohort of pre-  and postcapillary PH patients. This updated score 
(renamed the OPTICS risk score) was externally validated in a prospective cohort of patients from 12 Dutch nonreferral centers 
the OPTICS network. Using the updated OPTICS risk score, the presence of postcapillary PH could be predicted on the basis 
of body mass index ≥30, diabetes mellitus, atrial fibrillation, dyslipidemia, history of valvular surgery, sum of SV1 (deflection in V1 
in millimeters) and RV6 (deflection in V6 in millimeters) on ECG, and left atrial dilation. The external validation cohort included 81 
postcapillary PH patients and 66 precapillary PH patients. Using a predefined cutoff of >104, the OPTICS score had 100% speci-
ficity for postcapillary PH (sensitivity, 22%). In addition, we investigated whether a high probability of heart failure with preserved 
ejection fraction, assessed by the H2FPEF score (obesity, atrial fibrillation, age >60 yrs, ≥2 antihypertensives, E/e' >9, and pul-
monary artery systolic pressure by echo >35 mmHg), similarly predicted the presence of elevated pulmonary artery wedge pres-
sure. High probability of heart failure with preserved ejection fraction (H2FPEF score ≥6) was less specific for postcapillary PH.

CONCLUSIONS: In a community setting, the OPTICS risk score can predict elevated pulmonary artery wedge pressure in PH 
patients without clear signs of left- sided heart disease. The OPTICS risk score may be used to tailor the decision to perform 
invasive diagnostic testing.
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Because of profound differences in management, 
it is of great clinical importance to make a distinc-
tion between pre-  and postcapillary pulmonary 

hypertension (PH). Precapillary PH includes treatable 
conditions such as pulmonary arterial hypertension 
(PAH) and chronic thromboembolic PH (CTEPH).1,2 
When echocardiography shows clear signs of sys-
tolic left ventricular dysfunction or left- sided valvular 
disease, postcapillary PH is often diagnosed without 
performing a right heart catheterization (RHC). The 
distinction between pre-  and postcapillary PH is much 

more challenging in patients without clear signs of left- 
sided heart disease. Many of these patients suspected 
of PH are >60 years old and have multiple comorbidi-
ties.3 Particularly in patients with heart failure with pre-
served ejection fraction (HFpEF), echocardiography 
can remain inconclusive and further invasive diagnos-
tic steps may be required. In a considerable number 
of clinics, access to RHC is limited and may require 
referral to a tertiary PAH center.

Previous studies have indicated that 12% to 19% 
of patients referred to a tertiary PH center for RHC are 
found to have elevated pulmonary artery wedge pres-
sure (PAWP)—that is, postcapillary PH—despite a priori 
suspicion of precapillary PH.4–6 Because a diagnosis of 
postcapillary PH usually does not change heart failure 
management, a considerable proportion of patients 
undergo RHC without subsequent treatment implica-
tions. Conversely, many other patients are likely denied 
a proper diagnosis of (treatable) precapillary PH be-
cause RHC is perceived as too invasive or too costly 
and because the pretest likelihood of precapillary PH 
is low. To facilitate noninvasive prediction of postcapil-
lary PH, several scoring models have been developed. 
These models are typically based on echocardiogra-
phy or a combination of echocardiography and clinical 
parameters.7–12

We previously developed a left heart failure (LHF) 
risk score to predict elevated PAWP on the basis of 
medical history, ECG, and echocardiography.11 When 
this risk score was used with the highest possible 
specificity for the presence of elevated PAWP in in-
cident PH patients (to ensure recognition of all pos-
sible cases of precapillary PH), the score allowed 
identification of postcapillary PH in 20% of patients. 
In principle, use of the score would allow prevention 
of unnecessary RHCs in 20% of patients. However, 
left valvular heart disease worse than mild on echo-
cardiography was one of the strongest independent 
predictors of elevated PAWP in PH patients using the 
LHF risk score, whereas in daily practice, the possi-
bility of precapillary PH is generally not considered 
in patients with significant left- sided valve disease. 
It is thus desirable to refine the predictive algorithm 
and to tailor the risk score for use in a population of 
PH patients without significant valve disease but with 
still high pretest likelihood of postcapillary PH due to 
HFpEF.3

The H2FPEF score was originally developed in a 
primarily HFpEF population to discriminate between 
HFpEF and noncardiac causes of dyspnea and relies 
on 6 simple clinical characteristics and echocardio-
graphic measurements.12 One of these predictors is 
pulmonary artery systolic pressure >35  mm  Hg. In 
the setting of HFpEF, an elevated pulmonary artery 
systolic pressure would usually point to postcapillary 
PH. Up to 70% of patients with HFpEF may present 

CLINICAL PERSPECTIVE

What Is New?
• The OPTICS risk score, based on a combination 

of medical history and simple findings on ECG 
and echocardiography, accurately predicts the 
presence of postcapillary pulmonary hyperten-
sion (PH) in incident patients newly presenting 
with PH in a nonreferral setting.

• In patients with a new diagnosis of PH, a high 
H2FPEF score (obesity, atrial fibrillation, age >60 
yrs, ≥2 antihypertensives, E/e' >9, and pulmonary 
artery systolic pressure by echo >35 mmHg) does 
not exclude the possibility of precapillary PH.

What Are the Clinical Implications?
• Using the OPTICS risk score can help tailor the 

decision to perform invasive diagnostic testing.
• Treatable precapillary PH can be missed when 

the likelihood of postcapillary PH is based on 
the H2FPEF score.

Nonstandard Abbreviations and Acronyms

AUC  area under the receiver operating 
characteristics curve

CTEPH  chronic thromboembolic pulmonary 
hypertension

E/E’  ratio of peak early mitral inflow velocity 
to peak early diastolic velocity of the 
septal annulus

HFpEF  heart failure with preserved ejection 
fraction

LA left atrial
LHF left heart failure
PAH pulmonary arterial hypertension
PAWP pulmonary artery wedge pressure
PH pulmonary hypertension
RHC right-heart catheterization
RV6 R deflection in V6 in millimeters
SV1 S deflection in V1 in millimeters
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with postcapillary PH.2 Although the H2FPEF score 
has been well validated to assess the probability of 
HFpEF, it is unclear whether the score can also be 
used to predict the presence of elevated PAWP in 
patients with incident PH. Because the population of 
precapillary patients is currently aging and presents 
with more comorbidities, some patients with pre-
capillary PH may actually have a high probability of 
HFpEF. In that case, assessment of high probability 
of HFpEF, using the H2FPEF score, should not obvi-
ate the search of other causes of treatable precapil-
lary PH, such as CTEPH.

In this study, we aimed (1) to refine a previously de-
veloped LHF risk score for the detection of elevated 
PAWP in PH patients without clear signs of left- sided 
heart disease and (2) to externally validate this risk 
score (renamed OPTICS risk score) in a prospective 
cohort of PH patients in nonreferral centers. In addi-
tion, we investigated the specificity of a high H2FPEF 
score for postcapillary PH.

METHODS
Development OPTICS Risk Score
Patient Selection

The authors declare that all supporting data are avail-
able within the article (and its online supplementary 
files). The first part of our study refines the previously 
developed LHF score.11 In a retrospective cohort, 
we included all patients suspected of PAH who at-
tended our PH referral center between April 1998 and 
December 2012 and in whom, ultimately, a diagnosis 
was made of PAH or postcapillary PH. This cohort 
was 79% similar to the cohort previously studied by 
Jacobs et  al.11 In addition to the previously used ex-
clusion criteria of a likely diagnosis of postcapillary PH 
due to systolic heart failure (left ventricular ejection 
fraction <50%), we excluded left valvular disease that 
was more than mild on echocardiography, according 
to current guidelines.13

Study Design

Diagnosis of PH and PH classification in all patients 
followed standard criteria indicated by current guide-
lines.2 The classical definition of PH as a condition 
with mean pulmonary artery pressure >25  mm  Hg 
was used, not >20 mm Hg. The reason for using this 
definition was that specific treatments are currently still 
proven only when mean pulmonary artery pressure is 
≥25 mm Hg. Therefore, the importance of performing 
an RHC is still defined by the classical cutoff value. If 
PAWP was >15 mm Hg at rest or increased >18 mm Hg 
immediately after 500 mL of saline infusion over 5 min-
utes, a diagnosis was made of postcapillary PH.14,15 If 

no reliable wedge was obtained, left ventricular end- 
diastolic pressure was measured. RHC was performed 
at our institution by a team of 3 PH clinicians. PAWP 
was measured at end- expiration at rest and over mul-
tiple breathing- cycles. In cases of atrial fibrillation, we 
measured PAWP after the onset of the QRS complex 
and just before the v- wave.

Potential predictors of postcapillary PH were doc-
umented from the medical history, ECG, and echo-
cardiography. Potential predictors included age; body 
mass index >30 (in  kg/m2; obesity); sex; a medical 
history of hypertension, diabetes mellitus, dyslipidemia 
(nonfasting total cholesterol >5 mmol/L; high- density 
lipoprotein cholesterol <1.0 mmol/L and/or low- density 
lipoprotein cholesterol >3  mmol/L), atrial fibrillation 
(paroxysmal or persistent) or left heart disease (either 
coronary artery disease or history of left valvular sur-
gery without residual left valvular heart disease at PH 
diagnosis); and smoking history >1 pack- year. From 
the ECG, evidence of left ventricular hypertrophy (SV1 
[S deflection in V1 in millimeters] and RV6 [R deflection 
in V6 in millimeters]) and presence or absence of ECG 
evidence of left atrial (LA) dilation were taken. LA dila-
tion on ECG was defined as prolonged a P- wave du-
ration of >120 ms in leads I or II with a negative portion 
of the P- wave ≥1 mm in depth and ≥40 ms in duration 
in lead V1.16 From the echocardiographic parameters, 
only the presence of LA dilation was taken as potential 
predictor. LA dilatation on echocardiography was de-
fined as indexed LA volume above 34 mL/m2.17 When 
actual measurements were not available, the descrip-
tion (dilated/nondilated) of LA dilation was used. We did 
not include other echocardiographic descriptors of left 
ventricular diastolic function, such as the ratio of peak 
early mitral inflow velocity to peak early diastolic veloc-
ity of the septal annulus (E/E′), to stay as close as pos-
sible to the original LHF risk score. Echocardiographic 
examinations were scored by a cardiologist blinded 
to the diagnosis; ECG data were measured by an ob-
server blinded to the final diagnosis.

Statistical Analysis

All measurements were graded dichotomously (pre-
sent or absent), as mentioned in Study Design, ex-
cept ECG predictors SV1 and RV6. This finding is 
in line with what was used in the previous LHF risk 
score. Receiver operating characteristic curve analy-
sis was applied to assess the optimal cutoff point for 
age. The optimal cutoff point was obtained based 
on the highest sensitivity and specificity values. We 
observed that the optimal cutoff point for age was 
59  years old, with sensitivity of 75%, specificity of 
59%, and area under the receiver operating charac-
teristic curve (AUC) of 0.696 and thus dichotomized 
it to age ≥59 years old. Univariate logistic regression 
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was used to evaluate the effect of the predictor. 
Selecting all univariate predictors (P<0.10), a mul-
tivariate logistic analysis with stepwise backward 
elimination determined the final model. Throughout 
the analyses, a P value of <0.05 was considered sta-
tistically significant. The performance of the model 
was determined by its discriminative abilities, ob-
tained by AUC. The coefficients in the model were 
transformed into easy- to- use risk scores by dividing 
all regression coefficients by the lowest coefficient 
value. The clinical performance of the risk score was 
also evaluated via AUC, sensitivity, specificity, posi-
tive and negative predictive values, and probability, 
at different cutoff values of the OPTICS risk score. 
Because it is important not to misclassify any treat-
able precapillary PH, a specificity of 100% is consid-
ered most favorable.

External Validation of the OPTICS Risk 
Score
Patient Selection

In this preplanned prospective external validation 
study, data directly derived from the OPTICS net-
work of 12 Dutch nonreferral community hospitals 
were used to validate the refined OPTICS risk score. 
The OPTICS network was launched in January 
2015 and continues to collect data on incident PH 
patients in participating centers. To improve diag-
nostic and clinical care for PH patients, all partici-
pating centers adhere to the following (diagnostic) 
workflow. First, a team consisting of at least 1 car-
diologist and 1 pulmonologist identifies all patients 
with signs, symptoms, or risk factors for PH and 
undertakes further diagnostic steps (eg, computed 
tomography, pulmonary function test, echocardi-
ography), Second, after multidisciplinary consulta-
tion, the local PH team determines whether a RHC 
is required to rule out precapillary PH. In patients 
with overt postcapillary PH or PH due to pulmonary 
disease, RHC is not routinely performed, according 
to current guidelines.2 All patients discussed by the 
local PH team are anonymously entered in an online 
registry (part of PAHtool; Inovoltus). Detailed entry 
criteria for inclusion in the registry are (1) suspected 
PH on echocardiography (tricuspid regurgitation 
velocity >2.8  m/s and/or other echocardiographic 
signs for PH); (2) uncertainty about the cause of 
PH (defined as possible precapillary PH, warranting 
multidisciplinary consultation); or (3) incident cases, 
defined by either absence of signs of PH on a previ-
ous echo or RHC, or no previous investigations for 
PH performed. Patients with systolic heart failure 
(left ventricular ejection fraction <50%) or significant 
valvular heart disease (more than mild at PH diag-
nosis) are excluded from the registry.13 In addition, 

patients with scleroderma in whom echocardiog-
raphy is performed for PH screening purposes are 
excluded from the registry.

Study Design

The external validation study included all patients with 
a final diagnosis of PAH, CTEPH, or postcapillary PH, 
diagnosed between January 2015 and October 2018, 
in whom hemodynamics were performed because di-
agnostic doubt persisted after multidisciplinary consul-
tation (end- point final validation cohort; Figure 1). A final 
diagnosis of PH was made in the presence of mean 
pulmonary artery pressure ≥25 mm Hg. The presence 
of PAWP >15  mm  Hg at rest or left ventricular end- 
diastolic pressure >15 mm Hg resulted in a diagnosis 
of postcapillary PH. PAWP tracings were assessed 
during end- expiration at rest and over multiple breath-
ing cycles. In cases of atrial fibrillation, we measured 
PAWP after the onset of the QRS complex and just be-
fore the v- wave. The RHC was reviewed by either PH 
clinicians from the referral center or local experienced 
PH physicians specifically trained in RHC performance 
and evaluating PAWP tracings. In precapillary PH, sig-
nificant lung disease was ruled out by lung function 
testing (including spirometry and diffusion capacity) 
and high- resolution computed tomography, according 
to current guidelines.2 CTEPH was diagnosed based 
on a combination of findings from computed tomog-
raphy angiography, perfusion scintigraphy, and pulmo-
nary angiography.

The registry was approved by the local ethics com-
mittee in The Netherlands and was not considered to 
fall within the scope of the Medical Research Involving 
Human Subjects (medical research involving human 
subjects act [WMO]; approval number 2014326). All re-
quirements of the hospital research and ethics review 
board were met, and no informed consent statement 
was required.

Statistical Analysis

Patient characteristics were described as either 
mean±SD for continuous variables or absolute number 
(percentage) for categorical variables. Student t tests 
and χ2 tests were performed to compare patient char-
acteristics between patients with pre-  and postcapillary 
PH. Throughout the analyses, P<0.05 was considered 
statistically significant. Because there are no generally 
accepted approaches to estimate the sample size for 
a validation study, we used all data available for this 
study.18 In the external validation cohort, the developed 
OPTICS risk score was calculated for each patient, 
and sensitivity, specificity, negative predictive value, 
positive predictive value, accuracy, and probability 
were measured at a predefined cutoff value.
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Prediction of Postcapillary PH by the 
H2FPEF Score
The H2FPEF score enables discrimination of HFpEF 
from noncardiac causes of dyspnea and can assist 
in determination of the need for further diagnostic 
testing in the evaluation of patients with unexplained 
dyspnea.12 A higher score (eg, 6–9) can establish the 
diagnosis of HFpEF with reasonably high confidence. 
The H2FPEF score consists of the following compo-
nents: heavy (body mass index >30) and hyperten-
sive (≥2 antihypertensive medicines); atrial fibrillation 
(paroxysmal or persistent); PH (pulmonary artery sys-
tolic pressure >35 mm Hg); elderly (age >60 years); 
and filling pressure (Doppler echocardiographic E/e′ 
>9). For each clinical variable, a number of scoring 
points are given.12 With these clinical variables, a high 
probability of HFpEF assessed by the H2FPEF score 
may also be useful for the prediction of postcapillary 
PH.

To investigate whether the presence of PH in a 
patient with a high probability of HFpEF almost ex-
clusively points to the presence of elevated PAWP, 
we determined the sensitivity, specificity, negative 
predictive value, positive predictive value, accuracy, 
and probability of the H2FpEF scores. For the cal-
culation of the probability of HFpEF, a cutoff of ≥6 

points and the online tool of the continuous model of 
the H2FPEF score were used.12 Model discriminatory 
properties were evaluated using AUC. In addition, 
change in logistic regression coefficient was mea-
sured to explore whether the combined use of the 
OPTICS risk score and H2FPEF score could improve 
the prediction of elevated PAWP in patients with in-
cident PH.

RESULTS
Clinical Characteristics and Model 
Building OPTICS Risk Score
In total, 331 patients with precapillary PH and 75 pa-
tients with postcapillary PH were included in the devel-
opment cohort (Figure S1). Patient characteristics and 
hemodynamics at diagnosis are shown in Table 1. The 
mean age of patients with a diagnosis of precapillary 
or postcapillary PH was 53 or 64 years, respectively 
(P<0.001).

Univariate logistic regression was performed on 
predefined potential predictors of postcapillary PH, 
and results are presented in Table S1. Using backward 
multivariate logistic regression, the following parame-
ters were identified as predictors of postcapillary PH: 
body mass index ≥30, a medical history of diabetes 

Figure 1. Receiver operator characteristic (ROC) curve and optimal cutoff point of the OPTICS 
risk scoring system for prediction of postcapillary pulmonary hypertension.
AUC indicates area under the curve.



J Am Heart Assoc. 2020;9:e015992. DOI: 10.1161/JAHA.119.015992 6

Jansen et al Predicting Postcapillary Pulmonary Hypertension

mellitus, atrial fibrillation (paroxysmal or persistent), 
dyslipidemia and history of valvular surgery, the sum of 
SV1 and RV6 on ECG (in millimeters), and the presence 
of LA dilation on echocardiography (Table 2).

The following model was constructed:

This model had a high predictive value with R2=0.64 
and an AUC of 0.93 (Figure S2). The OPTICS risk score 
was derived from the model (Table 2). The OPTICS risk 
score resulted in similar predictive values (R2=0.64; AUC, 
0.93; 95% CI, 0.89–0.96), as shown in Figure 1. Table 
S2 shows the performance of the OPTICS risk score in 
terms of sensitivity, specificity, accuracy, positive and 

negative predictive values, and probability at different 
risk- score categories. Figure S3 shows the distribution 
of the OPTICS risk score for each group (precapillary PH 
and postcapillary PH). Using a risk score cutoff value of 
≥104, postcapillary PH could be noninvasively predicted 
in 24% of the postcapillary PH patients, with a positive 
predictive value of 100%, probability of 0.88, and 100% 
specificity (Figure 1). Using an OPTICS risk score ≥104, 
no precapillary PH patients were predicted as having 
postcapillary PH.

External Validation OPTICS Risk Score
Patient Selection and Clinical Characteristics

Between January 2015 and October 2018, 439 pa-
tients at community hospitals with signs of PH on 
echo were included in the OPTICS registry (Figure 2). 
Overall, 292 patients received a final diagnosis of 
postcapillary PH or PH due to lung disease, based on 

−5.44+ (1.54×BMI≥30)+ (1.88×DM)

+ (1.53×AF)+ (1.21×dyslipidemia)

+ (3.98×valve surgery)+ (0.07×ECG)

+ (1.48×LA dilatation)

Table 1. General Characteristics and Hemodynamics of the Development Cohort

Precapillary PH Postcapillary PH P Value

Patients, n 331 73

Age, y 53±17 64±14 <0.001

Male, n (%) 95 (29) 16 (22) NS

BMI, kg/m2 25.9±5.8 31.7±7.5 <0.001

BMI ≥30* 74 (22.4%) 42 (61%) <0.001

Medical history of

Diabetes mellitus, n (%)* 55 (17) 44 (60) <0.001

Atrial fibrillation, n (%)* 29 (9) 30 (41) <0.001

Hypertension, n (%) 77 (23) 44 (60) <0.001

Dyslipidemia, n (%)* 37 (11) 22 (30) <0.001

Smoking >1 pack- year, n (%) 159 (49) 37 (52) NS

Valvular surgery without residual left 
valvular disease, n (%)*

4 (1) 15 (21) <0.001

Coronary artery disease, n (%) 24 (7) 20 (27) <0.001

Left heart disease, n (%) 27 (8) 28 (38) <0.001

ECG

LA dilatation, n (%) 44 (14) 5 (7) NS

SV1+RV6, mm* 11±6 15±8 <0.001

Echocardiography

LA dilation, n (%)* 66 (20) 49 (70) <0.001

RHC

mRAP, mm Hg 7 (4–12) 9 (6–14) 0.001

mPAP, mm Hg 49±16 40±12 <0.001

Cardiac output, L/min 5.0±2.0 5.4±1.3 NS

Heart rate, beats/min 80±14 74±13 0.006

PVR, dyn·s·cm−5 655 (407–1014) 287 (170–412) <0.001

Wedge pressure, mm Hg 8 (5–11) 21 (19–23) <0.001

Mixed venous O2 saturation, % 64±10 66±9 NS

Data are given as mean±SD, median (interquartile range), or percentage. BMI indicates body mass index; LA, left atrial; mPAP, mean pulmonary arterial 
pressure; mRAP, mean right atrial pressure; NS, not significant; PH, pulmonary hypertension; PVR, pulmonary vascular resistance; RHC, right heart 
catheterization; and SV1+RV6, sum of S wave in V1 and R wave in V6 on ECG (in mm).

*Independent predictors of the OPTICS risk score.
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multidisciplinary consultation and without a perceived 
need to perform RHC. The OPTICS validation cohort 
consisted of the 147 patients for whom the presence 
of treatable precapillary PH could not be excluded 
and who thus underwent RHC. Clinical characteris-
tics of these patients are presented in Table 3.

The majority of the population in The Netherlands is 
of white descent, although race and ethnicity are not 
routinely documented. The mean age of patients with 
a final diagnosis of precapillary or postcapillary PH 
was 66 or 69 years, respectively. Patients with post-
capillary PH had significantly higher body mass index, 
presented more often with LA dilatation, and had more 
comorbidities, lower mean pulmonary artery pressure, 
and lower pulmonary vascular resistance (all P<0.05).

External Performance of the OPTICS Risk Score

Using the proposed risk score cutoff of ≥104, among 
5 patients in whom the presence of precapillary PH 
could not be excluded, 1 patient could be noninvasively 
predicted as postcapillary PH (sensitivity 22%) without 
missing any precapillary cases (specificity of 100% and 
positive predictive value of 100%). Sensitivity, specific-
ity, and probability of the prediction of postcapillary 

PH are presented in Figure 3. The OPTICS risk score 
could not be obtained in 15 patients (10%) because of 
missing data. AUC in the external validation cohort for 
OPTICS risk score was 0.81 (95% CI, 0.73–0.88). A 
continuous scale of the predicted probabilities accord-
ing to several cutoff points is shown in Figure 4.

Prediction of Postcapillary PH by the 
H2FPEF Score

The H2FPEF score was able to predict postcapillary 
PH when applying a cutoff ≥6, with sensitivity of 48% 
and specificity of 92% (Figures 3 and 5). A high prob-
ability of HFpEF, using the cutoff ≥6 with the H2FPEF 
score, was present in 5 precapillary PH patients (4 
CTEPH and 1 PAH due to congenital heart disease). 
In addition, using the continuous model of the H2FPEF 
score (probability >0.9 for the prediction of HFpEF), 
14 patients with precapillary PH had a high probabil-
ity of HFpEF (6 CTEPH, 4 idiopathic PAH, 2 PAH due 
to congenital heart disease, 1 PAH due to connec-
tive tissue disease, and 1 pulmonary veno occlusive 
disease). The H2FPEF score could not be calculated 
in 2 patients because of missing data. AUC in the 
external validation cohort for H2FPEF score was 0.79 
(95% CI, 0.72–0.87), as shown in Figure 3.

Table 2. Results From the Backward Multivariate 
Logistic Regression Identifying Independent Predictors 
of Postcapillary PH and the Subsequently Derived OPTICS 
Risk Scoring System

OR (95% CI) P Value
OPTICS Risk 

Score*

BMI ≥30, kg/m2 4.64 (2.12–10.15) <0.001 22

Medical history of

Diabetes 
mellitus

6.49 (2.99–14.12) <0.001 26

Atrial fibrillation, 
any

4.65 (1.79–12.07) 0.001 21

Dyslipidemia 3.27 (1.31–8.11) 0.01 17

Valvular surgery 
without residual 
left valvular 
disease

52.96 
(9.23–303.79)

<0.001 56

ECG

SV1+RV6 per 
mm

1.07 (1.02–1.13) 0.006 1x (SV1+RV6)

Echocardiography

LA dilation 4.33 (1.97–9.52) <0.001 21

BMI indicates body mass index; OR, odds ratio; PH, pulmonary hypertension; 
and SV1+RV6, sum of S wave in V1 and R wave in V6 on ECG (in mm).

*Total risk score is calculated as follows. For presence of a BMI >30, the 
patient is attributed 22 points. If a medical history of diabetes mellitus is 
present, an additional 26 points are scored, and if a history of atrial fibrillation 
is present (paroxysmal or permanent atrial fibrillation), an additional 21 
points are scored. History of Dyslipidemia gets 17 points , and 56 points are 
scored for a history of valvular surgery without residual left valvular disease. 
SV1+RV6 on ECG in millimeters is the risk score attributed for the ECG in 
each patient. For the presence of left atrial dilatation on echocardiography, 
the patient is attributed 21 points. The total score in each patient constitutes 
the OPTICS risk score for that individual.

Figure  2. Flowchart representing patients’ numbers and 
study methods of the external OPTICS cohort.
CTEPH indicates chronic thromboembolic pulmonary hypertension; 
IPAH, idiopathic pulmonary arterial hypertension; LVEDP, left ventricular 
end- diastolic pressure; PAH, pulmonary arterial hypertension; PAH- 
CHD, pulmonary arterial hypertension due to congenital heart disease; 
PAH- CTD, pulmonary arterial hypertension due to connective tissue 
disease; PCWP, pulmonary capillary wedge pressure; PH, pulmonary 
hypertension; PVOD, pulmonary veno occlusive disease; and RHC, 
right heart catheterization.
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We performed a probability analysis to explore 
whether combined use of the H2FPEF score (continu-
ous model) and the OPTICS risk score could improve 
the prediction of elevated PAWP in PH patients. Only 
postcapillary PH was predicted when a probability >0.9 
for both scores was present (Figure  6). By using the 
OPTICS score combined with the H2FpEF score, an 
additional value was observed in the multivariate anal-
ysis for the prediction of postcapillary PH (42% change 
in logistic regression coefficient for the H2FPEF score, 
0.706–0.410).

DISCUSSION
In daily clinical practice, it is often difficult to distinguish 
between pre-  and postcapillary PH. RHC is frequently 

required when echocardiography alone remains incon-
clusive. Because RHC is invasive and costly and often 
requires referral to a PH expert center, it is desirable 
that the procedure be performed only in patients with 
a high pretest likelihood of treatable precapillary PH. A 
noninvasive tool for the prediction of elevated PAWP in 
PH patients with high specificity may help avoid unnec-
essary diagnostic procedures. In the updated OPTICS 
risk score, we show that prediction of elevated PAWP 
in PH patients is possible using easily obtained nonin-
vasive variables. The OPTICS risk score, developed in 
a tertiary PAH center, showed good performance in the 
setting of nonreferral community hospitals. The score 
accurately predicted elevated PAWP in 22% of the PH 
patients without clear signs of left heart disease, with 
specificity of 100%. The H2FPEF score, developed 

Table 3. General Characteristics and Hemodynamics of the Validation Cohort

Precapillary PH Postcapillary PH P Value

Patients, n 66 81

Age, y 66±13 69±11 0.042

Male, n (%) 37 (56) 33 (41) NS

BMI, kg/m2 27.3±5.5 31.3±7.3 <0.001

BMI ≥30, n (%)* 13 (20) 37 (46) 0.002

Medical history

Diabetes mellitus, n (%)* 10 (15) 30 (37) 0.005

Atrial fibrillation, n (%)* 9 (14) 34 (42) <0.001

Hypertension, n (%) 39 (59) 71 (88) <0.001

Dyslipidemia, n (%)* 15 (23) 42 (52) 0.001

Smoking >1 pack- year, n (%) 34 (52) 43 (53) NS

Valvular surgery without residual left 
valvular disease, n (%)*

2 (3) 5 (6.2) NS

Coronary artery disease, n (%) 12 (18) 30 (37) 0.020

Left heart disease, n (%) 14 (21) 32 (40) 0.028

ECG

LA dilatation, n (%) 11 (18) 6 (10) NS

SV1+RV6, mm* 14±6 15±6 NS

Echocardiography

LA dilation, n (%)* 17 (30) 56 (70) <0.001

RHC

mRAP, mm Hg 10 (7–11) 12 (9–16) 0.001

mPAP, mm Hg 45±11 36±9 <0.001

Cardiac output, L/min 4.9±1.7 5.5±1.5 0.028

Heart rate, beats/min 80±16 73±15 0.031

PVR, dyn·s·cm−5 551 (390–890) 204 (147–274) <0.001

Wedge pressure, mm Hg 11±3 21±6 <0.001

Mixed venous O2 saturation, % 63±12 64±8 0.725

NT- proBNP, pg/mL 1244 (320–2881) 687 (271–1463) 0.137

Data are given as mean±SD, median (interquartile range), or percentages. BMI indicates body mass index; LA, left atrial; mPAP, mean pulmonary arterial 
pressure; mRAP, mean right atrial pressure; NS, not significant; NT- proBNP, N- terminal pro- B- type natriuretic peptide; PH, pulmonary hypertension; PVR, 
pulmonary vascular resistance; RHC, right heart catheterization; and SV1+RV6, sum of S wave in V1 and R wave in V6 on ECG (in mm).

*Independent predictors of the OPTICS risk score.
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to predict HFpEF in patients with unexplained dysp-
nea, was able to predict postcapillary PH (sensitivity 
48%). However, a high probability of HFpEF with the 
H2FPEF score was also detected in precapillary PH pa-
tients (specificity of 92%). This result underscores the 
fact that a high probability of HFpEF, assessed by the 
H2FPEF score, should not obviate the search for other 
causes of treatable precapillary PH, such as CTEPH.

Risk factors for postcapillary PH are well known.15,19–22  
However, the distinction between pre-  and postcap-
illary PH remains challenging. Any effort made to im-
prove this distinction is helpful, but it should not lead 
to missing treatable precapillary PH. Early diagnosis 
and treatment of PAH is essential to improve clinical 
outcomes.2,23 From our data, histories of valvular sur-
gery, diabetes mellitus, and atrial fibrillation were inde-
pendent predictors of postcapillary PH. Atrial fibrillation 
and diabetes mellitus are both well- known risk factors 
for postcapillary PH.15,19,22 Interestingly, dyslipidemia is 
an independent predictor for postcapillary PH due to 
HFpEF. Dyslipidemia is a known risk factor for the de-
velopment of left heart disease but is also frequently 
observed in patients with HFpEF.15,24 Several reports 
have shown that left valvular heart disease is a risk fac-
tor for the development of postcapillary PH.20–22 The 
current study showed that prior left valvular surgery 

without residual left valvular heart disease is still a 
strong risk factor for the development of postcapil-
lary PH. This risk factor was also reported by Vachiéry 
et al15 in the series world symposium on PH. Another 
study has shown that 15% of patients with severe mi-
tral regurgitation and without any complications before 
valvular surgery (eg, no atrial fibrillation or PH) develop 
congestive heart failure during 15 years of follow- up.25 
In contrast with previous research, in the current study, 
older age was not found to be an independent predic-
tor of postcapillary PH.12,15,22 This finding is in line with 
the observation of a changing phenotype of precapil-
lary PH in the current era: PAH patients are older at the 
time of diagnosis and have more comorbidities.26,27 For 
accurate noninvasive prediction of postcapillary PH, 
the data from medical history, ECG, and echocardi-
ography must be combined, like the OPTICS score, 
because a single risk factor has insufficient discrimi-
natory power.

Although our updated OPTICS risk score was de-
veloped from a retrospective single- center cohort, 
we externally validated our risk score in a prospec-
tive setting of community hospitals. By excluding 
patients with overt left valvular disease, our updated 
risk score differs from the original LHF risk score.11 
A history of left heart disease, including a history 

Figure 3. External validation of the OPTICS risk score and H2FPEF score.
AUC indicates area under the curve.
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of coronary artery disease and/or left valvular dis-
ease, was not included in the updated OPTICS risk 
score. Coronary artery disease is well known as a 
common risk factor for postcapillary PH and LHF; 
however, a history of coronary artery disease is less 
common in patients with postcapillary PH due to 
HFpEF.13 Bonderman et al8 adopted a different strat-
egy to facilitate noninvasive decision- making by ex-
cluding the presence of precapillary PH. A decision 
tree was developed that combines the absence of 
right ventricular strain on ECG with low NT- proBNP 
(N- terminal pro- B- type natriuretic peptide) levels to 
effectively exclude precapillary PH.8 Our model dif-
fers from the model by Bonderman et  al8 because 
we aimed to identify postcapillary PH as an alterna-
tive cause of PH, whereas Bonderman et  al aimed 
to exclude precapillary PH. High NT- proBNP levels 
are known to reflect right ventricular dysfunction and 
dilatation.28 However, not all patients with precap-
illary PH have elevated NT- proBNP at diagnosis; in 
particular, normal NT- proBNP is frequently found in 
those with PAH associated with connective tissue 

disease.29 These precapillary PH patients with nor-
mal NT- proBNP may have relatively mild disease, 
possibly with adaptive right ventricular remodeling. 
Nevertheless, the model of Bonderman et  al8 and 
our OPTICS risk score may have additional value in 
reducing the need for RHC.

The OPTICS risk score and the H2FPEF score 
similarly integrate clinical and imaging data that 
are easy to obtain. However, each model adopts a 
different strategy to facilitate noninvasive diagnos-
tic decision- making, either by prediction of HFpEF, 
which includes elevated systolic pulmonary artery 
pressure (SPAP) as a variable, or by prediction of 
postcapillary PH. In the present external validation 
study, we show that in the setting of community hos-
pitals, application of the updated OPTICS risk score 
ensures that no patients with treatable precapillary 
PH are labeled as having elevated PAWP. In contrast, 
a high probability of HFpEF assessed by the H2FPEF 
score (score ≥6 or probability >0.9 with the contin-
uous model) was not found exclusively in patients 
with postcapillary PH. In our cohort, 5 precapillary 

Figure 4. Description of the OPTICS risk score and point allocation for each clinical parameter, 
with associated probability of having postcapillary PH, based on the total score as estimated from 
the model.
HDL- C indicates high- density lipoprotein cholesterol; LDL- C, low- density lipoprotein cholesterol; PH, 
pulmonary hypertension; RV6, deflection in V6 in millimeters; and SV1, deflection in V1 in millimeters.
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PH patients had a score ≥6, and 14 precapillary PH 
patients had a high probability of HFpEF >0.9 with 
the continuous model. A high probability of HFpEF 
in precapillary PH patients, assessed by the H2FPEF 
score, could be due to HFpEF as a comorbidity. 
We observed multiple comorbidities at diagnosis in 
these patients, and atrial fibrillation was especially 
prevalent. Elevated right- sided filling pressures and 
structural changes can cause primarily dilatation of 
the right atrium and right ventricle, with subsequent 
tricuspid regurgitation, and this may trigger atrial 
fibrillation and atrial flutter.30,31 In our cohort, we ob-
served atrial fibrillation (predominantly paroxysmal 
atrial fibrillation) in 9% to 14% of the precapillary PH 
patients—in line with the COMPERA (Comparative, 
Prospective Registry of Newly Initiated Therapies 
for Pulmonary Hypertension) registry.32 In addition, 

postcapillary PH due to HFpEF or combined pre-  
and postcapillary PH could stay unrecognized in a 
standard RHC procedure. Invasive hemodynamics 
measured during exercise RHC may have revealed 
postcapillary PH in these patients. In contrast, most 
of these precapillary PH patients with a high proba-
bility of HFpEF did have symptoms of chronic throm-
boembolic disease, which is treatable. Importantly, 
this result emphasizes the fact that even when there 
is a high suspicion of HFpEF in a new patient with 
dyspnea due to PH, other treatable causes of PH 
such as venous thromboembolic disease should be 
excluded, preferably by perfusion scanning.2

In the present study we purposely chose not to 
create a new tool for the detection of PH with a high 
sensitivity for precapillary PH. Several widely used 
methods are sensitive enough to detect PH, such 
as echocardiographic tricuspid regurgitation veloc-
ity, dilatation of ventricle or atrium, and midsystolic 
notching of the pulmonary artery flow in combination 
with clinical risk factors.2 All patients included in our 
cohort were suspected of PH and had signs of PH on 
echocardiography. In addition, we chose not to item-
ize more complex echocardiographic parameters 
such as pulse- wave Doppler of the right ventricle out-
flow tract.9,10 Notwithstanding the promising perfor-
mance of these parameters in distinguishing between 
pre-  and postcapillary PH, they are not always eas-
ily assessable in busy, nonexpert settings. As such, 
in the present study we favored testing the use of 
risk scores incorporating unambiguous and easy- to- 
obtain variables for the detection of postcapillary PH.

Despite the potential reduction of unnecessary 
patient referrals when applying the OPTICS risk 
score, about 78% of patients with postcapillary PH 

Figure  5. Pyramid graphs from the validation cohort of patients with postcapillary PH and precapillary PH, divided 
according to the OPTICS risk score outcomes or H2FPEF score outcomes of individual patients.
The blue line represents a cutoff of ≥104 for the OPTICS risk score and ≥6 for the H2FPEF score. PH indicates pulmonary hypertension.

Figure  6. Probability analysis of postcapillary PH by 
H2FPEF score and OPTICS score, divided according to PH 
group.
PH indicates pulmonary hypertension.
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in our study still presented with a low OPTICS risk 
score. These patients typically had no previous his-
tory of coronary artery disease, a preserved ejection 
fraction, and no signs of left ventricular hypertrophy 
or valvular dysfunction. Therefore, the clinical signifi-
cance of a low OPTICS risk score seems to be limited, 
and a low risk score does not appear to be partic-
ularly useful in predicting precapillary PH. Perhaps 
a score that incorporates more sophisticated mea-
sures of diastolic dysfunction could improve the non-
invasive diagnosis for this specific group of patients 
with postcapillary PH. For instance, a recent study 
demonstrated the independent predictive value of 
LA strain and isovolumetric relaxation time derived 
from echocardiography as indicators of elevated fill-
ing pressures in HFpEF.33 However, the potential in-
cremental value in predicting postcapillary PH in the 
community setting needs to be addressed in future 
studies.

Limitations
The development cohort was assembled over a rela-
tively long time period from 1998 to 2012. Therefore, 
echocardiographic data were heterogeneous and, at 
times, incomplete. E/e′ data, for example, were often 
lacking in the development cohort. This is probably 
explained by the fact that the E/e′ ratio was added 
to the advised parameters to register in 2016.13,34 
However, we tried to stay as close as possible to 
the original LHF risk score by using this cohort of 
patients. For external validation, we included only 
patients in whom RHC was performed, which may 
have result in a selection bias. Nevertheless, this bias 
would not have resulted in better performance of the 
OPTICS score. In addition, the diagnosis of pre-  ver-
sus postcapillary PH relied primarily on PAWP and 
left ventricular end- diastolic pressure tracings at rest 
or combined with saline infusion, which can be con-
sidered an oversimplification of the real- world setting. 
In addition, because Doppler echocardiographic E/e′ 
was not available in 24% of patients, we interpreted 
the missing values as an absent E/e′ >9. This may 
have resulted in lower sensitivity of the H2FPEF score 
but would not have affected the specificity of the 
score.

Clinical Implications
Based on the current data, the use of the OPTICS 
risk score in daily clinical practice will enable predict-
ing postcapillary PH in a subset of patients for whom 
RHC is considered. A high OPTICS score can tailor 
the diagnostic workup and should prompt further 
investigation into the possible presence of postcap-
illary PH, even when echocardiography does not pro-
vide obvious evidence of the presence of left- sided 

heart disease. A high probability of HFpEF with the 
H2FPEF score was not found exclusively in postcap-
illary PH patients. Therefore, a high probability of 
HFpEF in a new patient with PH does not obviate the 
search for other causes of treatable precapillary PH, 
such as CTEPH. Of note, the referral of patients with 
a high suspicion of postcapillary PH can still be con-
sidered if diagnostic doubt persists or when severe 
PH or RV dysfunction is present and improved prog-
nostication is desirable. In addition, when postcapil-
lary PH with a precapillary component is suspected 
(ie, combined post-  and precapillary PH), patients 
may still benefit from referral to expert centers for 
trial participation or disease management. Potential 
applications of the OPTICS score outside daily clini-
cal practice include improving or comparing patient 
phenotypes and redefining inclusion criteria for clini-
cal trial participation.

CONCLUSIONS
This study shows that in the real- world community 
hospital setting, the new updated OPTICS score 
can predict the presence of elevated PAWP in PH 
patients without clear signs of left- sided heart dis-
ease. For patients in whom precapillary PH cannot 
be excluded, the OPTICS score could aid in guiding 
the decision to refer a patient to PH expert cent-
ers and may help avoid unnecessary diagnostic 
procedures.
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Table S1. Odds ratios for post-capillary PH from univariate logistic regression. 

 
OR (95% CI) P-value 

Males 0.69 [ 0.38-1.28] 0.242 

Age ≥ 59 years 4.13 [2.34-7.27] < 0.001 

BMI ≥ 30 kg/m
2
 5.38 [ 3.11-9.31] <0.001 

Medical history of      

Diabetes 7.61 [4.39-13.21] <0.001 

Atrial fibrillation, any 7.27 [3.98-13.27] <0.001 

Hypertension 5.00 [2.94-8.53] <0.001 

Dyslipidaemia 3.42 [1.86-6.26] <0.001 

Smoking > 1 pack year 1.15 [0.69-1.92] 0.594 

Valvular surgery 21.1 [6.78-65.95] <0.001 

Coronary artery disease 4.83 [2.49-9.35] <0.001 

Left heart disease 7.01 [3.79-12.95] <0.001 

ECG     

Left atrial dilatation 0.49 [0.18-1.27] 0.141 

SV1+RV6 per mm 1.08 [1.04-1.12] <0.001 

Echocardiography     

Left atrial dilation 9.19 [5.16-16.39] <0.001 

 

BMI: body mass index, SV1+ RV6: sum of S wave in V1 and R wave in V6 on ECG (in mm), 

Atrial fibrillation, any: paroxysmal or permanent atrial fibrillation 

 

 

 

 

 

 



 
 

Table S2. Sensitivity, specificity, positive predictive value, negative predictive value and 

accuracy at various cut-off points using the OPTICS risk scoring system. 

 

Risk score Sensitivity Specificity PPV NPV Accuracy Probability 

≥ 0 100 0 17 Na 17 0.00 

≥ 13 100 37 25 100 48 0.01 

≥ 26 97 51 28 99 58 0.03 

≥ 39 92 71 39 98 74 0.07 

≥ 52 89 82 50 97 83 0.15 

≥ 65 75 93 70 95 90 0.31 

≥ 78 58 97 79 92 90 0.53 

≥ 91 38 98 83 89 88 0.74 

≥ 104 23 100 100 86 87 0.88 

≥ 117 16 100 100 86 86 0.95 

≥ 130 9 100 100 84 85 0.98 

≥ 143 6 100 100 84 84 0.99 

 

Data are presented as %. NA: not applicable. PPV: positive predictive value, NPV: negative 

predictive value 

 

 

 

 

 

 

 

 

 



 
 

Figure S1. Flow chart representing patients’ numbers and study methods of the 

development cohort. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PH: Pulmonary Hypertension, PAH: Pulmonary Arterial Hypertension, IPAH: idiopathic 

pulmonary arterial hypertension, HPAH: hereditary pulmonary arterial hypertension, PAH-

CHD: PAH due to congenital heart disease, PAH-CTD: PAH due to connective tissue disease, 

PVOD: pulmonary veno-occlusive disease, PCWP: wedge pressure, LVEDP: left ventricular 

end diastolic pressure 

 

 



 
 

Figure S2. Receiver operator characteristic curve of the multivariate risk model for 

prediction of post-capillary PH in a population at risk for pre-capillary PH. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Figure S3. Pyramid graph from the development cohort of patients with post-capillary PH 

and pre-capillary-PH, divided according to the OPTICS risk score outcomes of individual 

patients. 

 

 

 

 

 

 

 

 

 

 

 

 


