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ABSTRACT
Objective Group II pulmonary hypertension (PH) can 
be challenging to distinguish from Group I PH without 
proceeding to right heart catheterisation (RHC). The 
diagnostic accuracy of the H2FPEF and OPTICS scores was 
investigated in Scotland.
Methods Patients were included in the study if they were 
referred to the Scottish Pulmonary Vascular Unit between 
2016 and 2020 and subsequently diagnosed with Group 
II PH or Group I PH which was either idiopathic, heritable 
or pulmonary veno- occlusive disease. The established 
cut offs for the H2FPEF and for the OPTICS scores were 
applied retrospectively to predict the presence of Group 
II PH. The diagnosis from the scores were compared with 
the MDT consensus diagnosis following RHC.
Results 107 patients with Group I PH and 86 patients 
with Group II PH were included. Retrospective application 
of the OPTICS score demonstrated that pretest scoring 
would detect 28% of cases with Group II PH yet at the cost 
of misdiagnosing 4% of patients with Group I as Group II 
PH (specificity 0.96). The H2FPEF score had a far greater 
sensitivity (0.70) yet reduced specificity (0.91), leading to 
misdiagnosis of 9% of Group I PH cases.
Conclusion While the specificity of these scores was 
high, the lack of perfect specificity limits their utility 
as it results in missed patients with Group I PH. As a 
consequence, they cannot replace RHC as the means of 
diagnosing the aetiology of PH in their current form. The 
scores may still be used to support clinical judgement or 
to indicate the advisability for further provocative testing 
at RHC.

BACKGROUND
Group II pulmonary hypertension (PH) 
is vital to distinguish from Group I PH 
due to significant differences in manage-
ment and prognosis.1 Group II PH, attrib-
utable to left heart disease, is defined by 
an elevated pulmonary artery wedge pres-
sure ≥15 mm Hg, during right heart cath-
eterisation (RHC), in conjunction with 
pulmonary hypertension (mean pulmonary 
artery pressure (mPAP)≥25 mm Hg).1 2 Prior 
to invasive testing, Group II PH can be diag-
nosed when there is clear evidence of left 
heart disease on echocardiogram and other 

testing modalities.1 However, in the absence 
of clear features, or in cases where the extent 
of left heart disease appears insufficient to 
explain the elevated pulmonary artery pres-
sure, RHC may be required in order to clarify 
the aetiology.3 4 While confirming Group II 
PH on RHC may refine the diagnosis, it rarely 
changes the subsequent left heart failure 
management.

Patients with heart failure with preserved 
ejection fraction (HFpEF) are a heteroge-
neous group, who are more elderly and 
comorbid, and in whom clear echocardio-
graphic features of left heart disease can be 
lacking.5 6 Scoring systems have been devel-
oped to aid clinicians in determining the 

Key questions

What is already known about this subject?
 ► Distinguishing Group I pulmonary hypertension (PH) 
from Group II PH, without invasive testing by right 
heart catheterisation (RHC), can be challenging but 
is vital due to significant differences in their progno-
sis and management.

 ► Over the last decade, multiple algorithms have been 
proposed to predict the probability of Group II PH pri-
or to invasive assessment.

What does this study add?
 ► This diagnostic accuracy study examines the ability 
of two scores to predict Group II PH in Scotland.

 ► The H2FPEF and OPTICS scores have a high spec-
ificity, yet the lack of perfect specificity limits their 
utility given the risk of missing patients with Group 
I PH.

How might this impact on clinical practice?
 ► Patients with a positive H2FPEF or OPTICS score 
may still have a diagnosis of Group I PH.

 ► These scores should only be used alongside clinical 
judgement and not on their own.

 ► The ultimate use for such scoring systems may be 
limited to prompting clinicians to consider provoca-
tive testing during RHC in order to unmask left heart 
disease, rather than a diagnostic tool in their own 
right
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pretest probability of Group II PH at the time of referral 
in order to manage allocation and timing of RHC.6–12 
The H2FPEF score is a non- invasive score developed to 
elicit the probability of HFpEF in euvolemic patients 
with dyspnoea.12 It has been reported to provide a speci-
ficity between 69% and 91% of HFpEF if a total score of 
equal to or greater than 6 is calculated12 13 and provides 
prognostic information among patients with HFpEF.14 15 
Although not specifically designed for this purpose, it 
has been suggested as a diagnostic tool to predict Group 
II PH. In a prospective cohort in the Netherlands, the 
H2FPEF score was found to predict Group II PH with a 
sensitivity of 48%, yet also predicted HFpEF in a signifi-
cant number of patients who were found to have Group 
I PH at RHC (positive predictive value 88%).11 The 
H2FPEF score weights atrial fibrillation (AF) highly and 
while AF is a predictor of HFpEF, it coexists in patients 
with Group I PH due to right atrial dilation16 17 or as 
a non- contributing comorbidity, potentially leading 
to overestimation of Group II PH in this cohort. The 
OPTICS score was created for evaluating the pretest 
probability of Group II PH in new referrals to tertiary PH 
centres.11 The sensitivity of diagnosing Group II PH has 
been reported as 100% if a score of≥104 is calculated.11 
This score weights previous valvular surgery highly, while 
AF is less highly weighted.

The Scottish population has high rates of AF, obesity 
and diabetes which are likely to alter the accuracy of 
both scores. Consequently, we wished to investigate the 
diagnostic accuracy of the H2FPEF and OPTICS scores 
for predicting Group II PH among a cohort of patients 
referred to the tertiary pulmonary vascular unit for Scot-
land, the Scottish Pulmonary Vascular Unit (SPVU).

METHODS
The Standards for Reporting of Diagnostic Accuracy 
Studies (STARD) guidelines were used to structure the 
study.18 A retrospective analysis was undertaken of all 
patients who were referred to SPVU between 2016 and 
2020. Patients investigated at SPVU follow a standard 
diagnostic protocol of thoracic and cardiac imaging, 
exercise capacity testing and RHC. A final diagnosis is 
based on multidisciplinary consensus between pulmo-
nary vascular physicians and cardiopulmonary imaging 
specialists. The study was approved by the East of Scot-
land research ethics service (Ref 21/ES/0078).

Patients were included if they were accepted for inva-
sive investigation, underwent RHC and were subse-
quently diagnosed with Group II PH, or with Group I PH 
that included the subtypes idiopathic pulmonary arterial 
hypertension (IPAH), heritable pulmonary arterial hyper-
tension (HPAH) and pulmonary veno- occlusive disease 
(PVOD), as defined by established criteria.2 Patients with 
other suspected aetiologies for precapillary PH (such as 
evidence of chronic thromboembolic disease (CTED) 
or underlying connective tissue disease) were excluded 
in order to reflect true- to- life circumstances where the 

suspicion of a Group I cause is great enough in these 
cases to proceed with investigation, even when left heart 
disease risk factors are present.

Individual patient records were screened for the constit-
uent components of the H2FPEF and OPTICS score. 
The established cut- offs of≥6 for the H2FPEF and≥104 
for the OPTICS scores were used to denote whether the 
score indicated the presence of Group II PH.11 12 This 
was compared with the multidisciplinary team (MDT) 
consensus diagnosis of Group II PH. Group II PH was 
used to define cases of both isolated postcapillary and 
combined precapillary and postcapillary PH as either 
subgroup are not candidates for pulmonary vasodilator 
therapy outside clinical trials.1 False- positive cases, where 
patients with Group I PH were predicted to have Group 
II PH by either score, were analysed in further detail. 
Calibration was performed by systematically making 
incremental adjustments to the cut offs and weighting of 
components for both scores, in an attempt to improve 
the sensitivity while not adversely impacting specificity.

Statistical analysis
Patient demographics were presented as mean±SD unless 
otherwise stated. Unpaired t and χ2 tests were used to 
calculate differences between patient groups for contin-
uous and categorical variables respectively. A p value of 
<0.05 was considered as statistically significant. All data 
were analysed with GraphPad Prism (V.9.3.0 for Windows, 
GraphPad Software, San Diego, California, USA). For 
both the H2FPEF and the OPTICS scores, sensitivity, 
specificity, positive predictive value, negative predictive 
value, receiver operating curves and area under the curve 
(AUC) were calculated.

RESULTS
Seven hundred and eighty one diagnostic RHC were 
performed in the study period, with 107 patients with 
IPAH, HPAH or PVOD and 86 patients with Group II 
PH included in the analysis. Patient demographics are 
presented in table 1. When compared with patients with 
Group I PH, patients with Group II PH were more elderly, 
had a higher body mass index (BMI), were more likely to 
have high cardiovascular risk comorbidities, were more 
likely to present with a raised E/e′ ratio and LA dilation 
and had a lower mean pulmonary artery pressure and 
pulmonary vascular resistance at RHC.

Table 2 demonstrates the sensitivity and specificity for 
both scores from this cohort. Retrospective application 
of the OPTICS score demonstrates that pretest scoring 
would allow detection of between one in four and one 
in three cases of Group II PH (sensitivity 0.28) yet at the 
cost of misdiagnosing 4% of referred Group I cases (spec-
ificity 0.96). The H2FPEF score had a far greater sensi-
tivity (0.70) yet at the cost of reduced specificity (0.91), 
implying 9% of Group I cases would be misdiagnosed. 
ROC analysis demonstrated a similar area under the 
curve for both scores (see figure 1).
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Table 3 demonstrates the characteristics of false- 
positive cases for both scoring systems. Of 107 cases of 
Group I PH, 4 (3.7%) cases were mislabelled as Group 
II PH by the OPTICS score, all of whom were diagnosed 
with IPAH. Individual analysis of these patients reveals 

a high prevalence of cardiovascular risk factors, a mean 
OPTICS scores of 122 and a mean age of 78 years. Of 
these four patients, one patient did not symptomatically 
improve with treatment and three patients died within 8 
months of diagnosis. Ten cases (9.3%) were false positive 
by the H2FPEF score; in this cohort, the mean age was 
74 years and the mean H2FPEF score was 7.1. Of these, 
four patients had symptomatic and objective improve-
ment with treatment, five patients had no benefit and 
one patient was lost to follow- up; two patients died within 
a year of diagnosis. There was an overlap of two patients 
who were mislabelled by both scores.

Figure 2 demonstrates the proportion of individual 
patients stratified by diagnosis and OPTICS and H2FPEF 

Table 1 Patient demographics and haemodynamics

Group I pulmonary 
hypertension

Group II pulmonary 
hypertension P value

Number 107 86

Diagnosis, n (%)

  IPAH 76 (71)

  HPAH 7 (6)

  PVOD 25 (23)

Age (years) 62±15 69±10 <0.001

Male, n (%) 40 (37) 33 (38) 0.99

BMI (kg/m2) 30±7 33±6 0.01

BMI>30, n (%) 43 (40) 52 (49) 0.008

Medical history

Diabetes mellitus, n (%)

  T1DM 2 (2) 0 (0) 0.5

  T2DM 36 (34) 30 (35) 0.87

Atrial fibrillation, n (%) 13 (12) 64 (74) <0.001

Systemic hypertension

  Antihypertensive medications, n 0.8±1.0 1.1±0.9 0.01

  Antihypertensive medications≥2, n (%) 24 (22) 29 (34) 0.1

Dyslipidaemia, n (%) 44 (41) 52 (60) 0.009

Left- heart valvular surgery, n (%) 3 (3) 6 (7) 0.19

ECG index of SV1 +RV6 (mm) 11±5 15±7 <0.001

Transthoracic echocardiogram

  E/e′ ratio 9±4.8 16±7.5 <0.001

  LA dilation, n (%) 17 (16) 68 (79) <0.001

Right heart catheterisation

  Mean pulmonary artery pressure (mm Hg) 46±10 42±10 0.007

  Pulmonary artery wedge pressure (mm Hg) 7±3 20±4 <0.001

  Cardiac output (L/min) 3.8±1.0 4.6±1.8 <0.001

  Pulmonary vascular resistance (woods units, WU) 11±4 5±3 <0.001

  Mixed venous saturations (%) 61±9 61±9 0.95

Data are presented as mean±SD or actual number (%) where stated. NS indicates no significant difference between patient groups.
BMI, body mass index; E/e’ ratio, ratio between early mitral inflow velocity and mitral annular early diastolic velocity; HPAH, heritable 
pulmonary arterial hypertension; IPAH, idiopathic pulmonary arterial hypertension; LA, left atrium; PVOD, pulmonary veno- occlusive disease; 
SV1+RV6, sum of the s wave in v1 and r wave in v6; T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus.

Table 2 Validation metrics for the H2FPEF and OPTICS 
scores at predicting Group II pulmonary hypertension

Sensitivity Specificity PPV NPV Accuracy

OPTICS 0.28 0.96 0.86 0.62 0.66
H2FPEF 0.70 0.91 0.86 0.79 0.81

NPV, negative predictive value; PPV, positive predictive value.
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scores. The OPTICS score was unable to be calibrated 
without significantly increasing the chance of false posi-
tives. Applying the scores consecutively, in either order, 
did not improve sensitivity or specificity. However, by 
changing two variables of the H2FPEF score (BMI cut- 
off >35 as opposed to 30 and reducing the weighting of 
AF from 3 to 2), the specificity improved to 0.98 and the 
sensitivity fell to 0.41. This method identified two false- 
positive cases, neither of whom derived benefit from 
treatment.

DISCUSSION
Retrospective application of the OPTICS score demon-
strated that pretest scoring would detect 28% of cases 
with Group II PH yet at the cost of misdiagnosing 4% of 
patients with Group I PH as Group II PH (specificity 0.96). 
The H2FPEF score had a far greater sensitivity (0.70) yet 
reduced specificity (0.91), leading to misdiagnosis of 9% 
of Group I PH cases. This study is a further demonstra-
tion that the OPTICS score is able to correctly predict 
Group II PH in only a minority of patients, although 
maintaining a low false- positive rate. The H2FPEF score 
performed similarly, with a greater sensitivity yet crucially 
a lower specificity and hence a higher risk of false posi-
tives. While the specificity of these scores was high, the 
lack of 100% specificity might result in PH centres failing 
to proceed with invasive investigations in a subgroup of 
patients with Group I PH if the score is applied to screen 
new referrals.

The results from this study are similar to those from 
Jansen et al,11 in which the OPTICS score was found to 
have a sensitivity of 0.22 and specificity of 1.00, while 
the H2FPEF score’s sensitivity was 0.48 and specificity 
0.92. Our approach differed from that of Jansen, in that 
patients with clear other attributable causes of PH, such 
as evidence of CTED and connective- tissue disease, were 
not included in this study, as it is likely that regardless of 
left heart disease risk factors these patients are likely to be 
accepted for further investigation. This may explain that 

while the validation results from this cohort are similar to 
the results of Jansen et al, the OPTICS score had a lower 
specificity.

While this study did not systematically collate cardio-
vascular comorbidities, the study population is notice-
able for the high prevalence of risk factors for left heart 
disease in both Group I and Group II cohorts, under-
lining the difficulties in defining these conditions based 
on scoring systems alone, without proceeding to invasive 
investigation. This is further evidenced by the 4 out of 
107 patients who had IPAH and were mislabelled by the 
H2FPEF score yet went on to improve with pulmonary 

Figure 1 Receiver operator curves comparing the H2FPEF 
and OPTICS scores. AUC indicates area under the curve.

Table 3 Characteristics of patients with Group I pulmonary 
hypertension (PH) who were predicted to have Group II PH 
as based on the OPTICS and H2FPEF scores

OPTICS 
score

H2FPEF 
score

Number 4 10

H2FPEF score 6.7±1.5 7.1±0.9

OPTICS score 121±14 92±27

Diagnosis, n (%)

  IPAH −4 −9

  PVOD −1

Age (years) 77±9.9 74±7.2

Male, n (%) 2 (50) 4 (40)

BMI (kg/m2) 30±5.2 33±6

Medical history

  Diabetes mellitus, n (%) 2 (50) 4 (40)

  Atrial fibrillation, n (%) 3 (75) 9 (90)

  Systemic hypertension, n (%) 0 3 (30)

  Dyslipidaemia, n (%) 4 (100) 6 (60)

  Left- heart valvular surgery, n (%) 2 (50) 2 (20)

  ECG index of SV1 +RV6 (mm) 10±8 9.7±4

Transthoracic echocardiogram

  E/e′ ratio 24±8 13.7±5

  LA dilation, n (%) 4 (100) 8 (80)

Right heart catheterisation

  Mean pulmonary artery pressure 
(mm Hg)

44±11 41.6±7.2

  Pulmonary artery wedge pressure 
(mm Hg)

11±1.7 9.8±3.5

  Pulmonary vascular resistance (woods 
units, WU)

9.8±0.8 8.9±2.3

Data are presented as mean±SD or actual number (%) where 
stated. NS indicates no significant difference between patient 
groups.
BMI, body mass index; E/e’ ratio, ratio between early mitral inflow 
velocity and mitral annular early diastolic velocity; HPAH, heritable 
pulmonary arterial hypertension; IPAH, idiopathic pulmonary 
arterial hypertension; LA, left atrium; PVOD, pulmonary veno- 
occlusive disease; SV1+RV6, sum of the s wave in v1 and r wave 
in v6; T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes 
mellitus.
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vasodilator treatment. The accuracy of any test is depen-
dent on the studied population, and the high prevalence 
of cardiovascular comorbidities in Scotland, as compared 
with the Netherlands, is likely to have had an impact in 
decreasing the sensitivity and specificity of the OPTICS 
score, as both patients with Group I and Group II PH had 
a high prevalence of left- heart disease risk factors. As a 
consequence, the ultimate use for such scoring systems 
may be limited to prompting clinicians to consider 
provocative testing during RHC in order to unmask left 
heart disease, rather than a diagnostic tool in their own 
right.19 20

While ethnicity was not collected as part of this study, 
it can be presumed that this was generally a homoge-
neous white European population. The haemodynamic 
definition of PH may be changing, with a revised mPAP 
cut- off >20 mm Hg being considered. This will affect the 
performance of these scores and a reassessment would 
be required. This study was additionally limited by lack of 
a prospective cohort to validate our proposed revision of 
the H2FPEF score, which may be a future consideration 
for research.

In conclusion, this study quantifies the probability of 
misdiagnosing patients with Group II PH, prior to invasive 
investigations, based on the OPTICS and H2FPEF scores. 
Overall, the utility of both these scores in their current 
versions is diminished by the small but measurable risk of 
missing true Group I PH, which would deprive patients 
of effective treatment. Therefore, these scores cannot 
replace RHC for determining the aetiology of PH. The 
scores may, however, play a role in helping to support 
clinical decisions or to suggest the need for provocative 
testing at RHC. Further research should aim to validate 
these scores further with a focus on calibration to perfect 
the specificity without affecting sensitivity.
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