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The CPET-HFpEF Score: a noninvasive test  
for the diagnosis of heart failure  
with preserved ejection fraction

T. Nitschke1, C. Baukmann1, H. Heuer2

	� Introduction

Heart failure with preserved ejection fraction (HFpEF) is often 
underdiagnosed. Nearly half of all patients with heart failure 
have a heart failure with preserved ejection fraction. HFpEF 
is a syndrome characterized by symptoms and signs of heart 
failure, an ejection fraction ≥ 50 and no previous LVEF < 50%, 
evidence of elevated filling pressure at rest or during exercise, 
and elevated levels of natriuretic peptides. The gold standard 
diagnostic test involves testing and exercising haemodynamic 
assessments during right heart catheterization, but this test is 
not universally available [1].

The clinical diagnosis is still challenging, and the key clinical cor-
relates are exercise intolerance and dyspnoea [2]. The absence 
of noninvasive gold standard tests is of increasing concern [3]. 
Two scoring tools have been developed to assist in the nonin-
vasive diagnosis of HFpEF in patients with exercise intolerance 
and exertional dyspnoea: The HFA-PEFF includes parameters 
from echocardiography, such as signs of functional and struc-
tural abnormalities and the measurement of natriuretic peptides 
[4]. The H2FPEF score incorporates parameters of the medical 
history and measurements of echocardiography [5]. However, 
there is still a diagnostic gap if the results are intermediate. The 
recommendations advise the performance of an exercise test.

Cardiopulmonary exercise testing (CPET) is the most compre-
hensive whole-body testing technique for assessing, quantify-
ing and differentiating the reasons for exercise intolerance and 
dyspnoea [6]. According to the 2021 ESC guidelines for the dia
gnosis and treatment of acute and chronic heart failure, there is 
a IIa recommendation for cardiopulmonary exercise testing to 
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Abstract: Introduction: The diagnosis of heart failure 
with preserved ejection fraction (HFpEF) is still chal-
lenging, with the gold standard being invasive test-
ing. For noninvasive diagnosis two multiparameter 
risk scores exist, the HFA-PEFF and the H2FPEF-scor-
ing systems. Both integrate morphological evidence 
of structural heart disease from echocardiography, 
historical features or laboratory assessment of 
natriuretic peptides. However, there is still a gap in 
accuracy when these results are inconclusive. Here, 
we present a noninvasive test for the diagnosis of 
HFpEF that is based on cardiopulmonary exercise 
testing (CPET) parameters.

Methods / results: CPET is the gold standard for 
identifying the cause of unexplained dyspnoea and/
or exercise intolerance, the main symptoms of heart 
failure. CPET was performed with a total of 100 
patients, 50 with HFpEF estimated by the HFA-PEFF 
score of 6 and 50 patients without a diagnosis of 
heart failure. For our score we only used parameters 
with the highest diagnostic accuracy for diagnosing 
heart failure, which was estimated via an unpaired 
t-test. Thresholds for the diagnosis of HFpEF were es-
timated via logistic regression analysis and adjusted 
by the known threshold, described in the literature. 
The accuracy of various combinations of parameters 
for the score was tested via ROC-curve-analysis. By 
combining five parameters of the CPET (VO₂peak 
indexed by body weight, VE/VCO₂ slope, oxygen 
uptake efficiency slope [OUES], VO₂/WR slope and 
the increase in PetCO₂ during exercise [PetCO₂ delta]) 
we obtained a sensitivity of 91% and a specificity of 
96% for the diagnosis of HFpEF. By adding the NT-

proBNP value, the sensitivity improved to 100% and 
the specificity remained at 96%.

Conclusion: The CPET-HFpEF score allows the con-
firmation of the diagnosis of HFpEF in patients with 
exercise intolerance and dyspnoea with one compre-
hensive whole-body testing technique. In combina-
tion with the determination of NT-proBNP, the high 
diagnostic accuracy can be further improved.

Keywords: heart failure, HFpEF, cardiopulmonary 
exercise testing, CPET

Kurzfassung: Der CPET-HFpEF-Score: ein 
nichtinvasiver Test zur Diagnose der Herz
insuffizienz mit erhaltener Ejektionsfraktion. 
Einleitung: Die Diagnose der Herzinsuffizienz mit 
erhaltener Ejektionsfraktion (HFpEF) ist nach wie vor 
schwierig, der Goldstandard ist eine invasive Rechts-
herzkatheteruntersuchung. Für die nichtinvasive 
Diagnose gibt es zwei Multiparameter-Risikoscores, 
das HFA-PEFF- und das H2FPEF-Scoring-System. 
Beide integrieren morphologische Anzeichen einer 
strukturellen Herzerkrankung aus der Echokardio-
graphie, Daten der Krankengeschichte und der HFA-
PEFF-Score die Bestimmung von natriuretischen 
Peptiden. Es gibt jedoch immer noch eine Lücke in 
der Genauigkeit, wenn der Score nicht eindeutig ist. 
Wir haben einen nicht-invasiven Test zur Diagnose 
von HFpEF entwickelt, der Parameter der Spiroergo-
metrie (CPET) verwendet.

Methoden / Ergebnisse: Die Spiroergometrie ist 
der Goldstandard für die Identifizierung der Ursache 
von ungeklärter Dyspnoe und/oder Belastungsinto-

leranz, den Hauptsymptomen der Herzinsuffizienz. 
Wir führten den Test bei 100 Patienten durch, von 
denen bei 50 Personen HFpEF diagnostiziert wurde 
(ein Wert von 6 im HFA-PEFF-Score) und 50 Patienten 
ohne Diagnose einer Herzinsuffizienz waren. Für den 
Score wurden die Parameter der Spiroergometrie mit 
der höchsten diagnostischen Genauigkeit verwen-
det, die durch einen ungepaarten t-Test ausgewertet 
wurden. Die Schwellenwerte wurden mit Hilfe einer 
logistischen Regressionsanalyse abgeschätzt und an 
die in der Literatur beschriebenen Schwellenwerte 
angepasst. Die Genauigkeit der Ergebnisse wurden 
durch eine ROC-Kurven-Analyse geprüft. Durch die 
Kombination von fünf Spiroergometrie-Parametern 
(VO₂peak/Körpergewicht, VE/VCO₂-Slope, Sauer-
stoffaufnahmeeffizienz-Slope [OUES], Energieeffi-
zienz [VO₂/WR-Slope] und der Anstieg von PetCO₂ 
während der Belastung [PetCO₂ delta]) erhielten wir 
eine Sensitivität von 91 % und eine Spezifität von 
96 % für die Diagnose HFpEF. Durch Bewertung des 
NT-proBNP-Wertes verbesserte sich die Sensitivität 
auf 100 % bei einer gleichbleibenden Spezifität von 
96 %.

Schlussfolgerung: Der CPET-HFpEF-Score er-
möglicht es, die Diagnose HFpEF bei Patienten 
mit Belastungsintoleranz und Dyspnoe durch die 
Spioroergometrie zu bestätigen. In Kombination mit 
der Bestimmung von NT-proBNP kann die hohe dia-
gnostische Genauigkeit weiter verbessert werden. 
J Kardiol 2025; 32 (9–10): 200–7.

Schlüsselwörter: Herzinsuffizienz, HFpEF, Spiro-
ergometrie, CPET
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identify the cause of unexplained dyspnoea and/or exercise in-
tolerance [7]. It is a safe technique and a suitable choice for the 
assessment of most patients. During CPET, ventilation, oxygen 
uptake and carbon dioxide output are measured breath-to-
breath. The CPET also reports parameters incorporated in a 
standard exercise stress test. These include repeated registra-
tion of the ECG, stress and recovery heart rate, blood pressure, 
exercise workload and exercise time. While many parameters 
of the CPET are affected by heart failure, most lack specificity 
for the condition. The diagnosis of heart failure by CPET is 
therefore still challenging, but CPET is the standard for assess-
ing, quantifying, and differentiating the origin of dyspnoea and 
exercise impairment [8].

The purpose of this work was to improve the quality of diagnosis 
for HFpEF patients by developing a score using CPET parameters, 
which are typically altered in heart failure patients. Because dys
pnoea and exercise intolerance are typical clinical signs of HFpEF, 
an exercise test is the best way to detect heart failure. In 2018 
VO₂peak measured noninvasively via CPET was examined by 
Borlaug and colleagues for the diagnosis of HFpEF.  A VO₂peak 
< 14 ml/kg/min or > 20 mm/kg/min was useful to rule-in and 
rule-out HFpEF, but patients with a mildly depressed VO₂peak 
value require additional testing to clarify the diagnosis because 
noncardiac disease may also lead to a reduced VO₂peak [9].

	� Methods

This study included 100 participants. The inclusion criterion 
for 50 patients with HFpEF was a diagnosis of HFpEF corre-
sponding to the 2021 ESC guidelines for the diagnosis and treat-
ment of acute and chronic heart failure, which was additional 
validated by the HFA-PEFF-algorithm with a maximal score 
of 6. This diagnostic algorithm showed acceptable specificity 
and sensitivity for the diagnosis and exclusion of HFpEF [10]. 
For all patients an evaluation of their medical history, CPET, 

NT-proBNP and echocardiography were performed. Patients 
with a reduced breathing reserve, decreased oxygen saturation 
during exercise or signs of pulmonary disease were excluded.

The control group included 50 participants with no evidence 
of heart failure or cardiac disease. The medical history was re-
corded, and a CPET and echocardiography were performed.

CPET
Every patient performed a symptom limited CPET on a cycle 
ergometer (Ergoselect, Ergoline, Software Custo Diagnos-
tic, Version 4.5.8) via an incremental exercise protocol. The 
planned exercise duration was tailored to reach 8–12 min 
maximal duration. We used a multistage exercise protocol with 
increasing intensity every 2 minutes. The initial workload was 
personalized for each patient. Patients were instructed to exert 
maximal effort. If a respiratory exchange rate (RER) greater 
than 1.05 was reached, the CPET was considered complete. 
Pharmacological therapy was continued before and through-
out exercise testing.

The ventilatory expired gas analysis was performed by using 
a metabolic card Metalyzer 3B-R2, Cortex, together with the 
software Meta Soft Studio version 5.8.7. Before each test, the 
equipment was calibrated in a standard fashion. First, spiro
metry was performed to estimate the FEV₁ and FEV values. 
ECG and blood pressure data were documented routinely 
during the test. Ventilation, oxygen uptake and carbon dioxide 
production data were acquired breath by breath. For data inter-
pretation the measurements were averaged every 20 seconds.

The following parameters were analysed for the use of our score:

VO₂peak (VO₂ at peak exercise)
Peak oxygen consumption is the most important parameter for 
measuring exercise capacity. VO₂peak is also a significant prog-

Abbreviations

AUC	 area under the curve
BMI	 body mass index
CKD	 chronic kidney disease
COPD	 chronic obstructive pulmonary disease
CO₂	 carbon dioxide
CPET	 cardiopulmonary exercise testing
ECG	 electrocardiogram
E/E´	 ratio of early diastolic mitral inflow to mitral 

annular tissue velocities
EF	 ejection fraction
FEV	 forced expiratory volume
FEV₁	 forced expiratory volume in 1 second
GFR	 glomerular filtration rate
HFpEF	 heart failure with preserved ejection fraction
HR	 heart rate
HRR	 heart rate recovery
MMV	 maximal voluntary ventilation
O₂	 oxygen
OUES	 oxygen uptake efficiency slope
PA	 pulmonary artery

PACO₂	 partial pressure of CO₂ in arterial blood
PetCO₂	 end tidal pressure of carbon dioxide
PetCO₂ delta	 difference in the increase in PetCO2
RER	 respiratory exchange ratio
ROC	 receiver operating characteristics
RR	 respiratory rate
VE	 ventilation
VE/VCO₂	 carbon dioxide minute VE equivalent
VE/VCO₂ slope	 slope of carbon dioxide minute VE equivalent
VE/VO₂	 oxygen minute VE equivalent
VO₂	 oxygen uptake
VO₂/HR	 oxygen pulse
VO₂/WR ratio	 aerobic capacity
VO₂peak	 peak oxygen consumption
VO₂/VT₁% 	 oxygen uptake at the first ventilatory treshold
VT	 tidal volume
VT₁	 first ventilatory threshold
VT₂	 second ventilatory threshold
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nostic factor [11]. During a progressive exercise stimulus, the 
VO₂ value increases linearly in proportion to work. VO₂max 
has been defined by a plateau, but it is often not observed. 
Therefore, VO₂peak is the highest value of O₂-consumption 
and is commonly used as the expression of maximal oxygen 
uptake. VO₂peak can be reported as an absolute value, indexed 
per body weight (peak VO₂ ml/kg/kg) or as a percentage of the 
predicted value (VO₂peak %) [12].

In heart failure the reduction in VO₂peak is sensitive for HF-
pEF but nonspecific. The oxygen uptake at the first ventila-
tory threshold (VT₁) (VO₂/VT₁%) is normally 40–75% of the 
predicted oxygen uptake. The lack of VO₂ at VT₁ has a strong 
independent prognostic role [13]. For the determination of 
VO₂ at VT₁ we used a combination of several methods. With 
the V-slope method we determined the point at which the in-
cremental volume of VCO₂ becomes greater than that of VO₂ 
because of the additional CO₂ produced by lactic acid buffer-
ing. Second, we used the end-tidal CO₂ versus the end-tidal O₂ 
method, the point when end-tidal O₂ increased, and end-tidal 
CO₂ slightly decreased. Third we applied the oxygen minute 
VE equivalent (VE/VO₂) versus the carbon dioxide minute VE 
equivalent (VE/VCO₂), and we used the point of continuous 
increase in VE/VCO₂.

VE/VCO₂ slope
The VE/VCO₂ slope reflects ventilatory efficiency and is a pow-
erful prognostic marker. An elevated VE/VCO₂ slope during 
exercise is attributed to the combination of hyperventilation 
and increased dead space ventilation. The VE/VCO₂ slope is 
increased in patients with HFpEF, but it is also increased in a 
broad spectrum of other diseases [6, 14]. The VE/VCO₂ slope 
was estimated between one minute after starting exercise and 
VT₂.

VO₂/HR (O₂ pulse)
The oxygen pulse is the ratio of VO₂ to heart rate and reflects 
the amount of oxygen extracted per heartbeat. The O₂ pulse is 
correlated with cardiac output. A low O₂ pulse can be related 
not only to a reduced stroke volume, but also to decreased 
skeletal muscle O₂ extraction. The increase should be linear. 
A flattening of the curve or the occurrence of a plateau can be 
signs of myocardial dysfunction. The O₂ pulse is affected by the 
intake of betablockers [14, 15].

VO₂/WR ratio (aerobic capacity)
The VO₂/WR ratio describes the change in oxygen-uptake in 
correlation with stress and reflects the ability of oxygen to be 
delivered to working muscles. It increases linearly during ex-
ercise, as a progressive workload demands progressive oxygen 
consumption. In heart failure reduced values imply impaired 
O₂ delivery [6, 16]. The VO₂/WR ratio was estimated begin-
ning one minute after starting the exercise and ending at the 
second ventilatory threshold (VT2).

OUES
The oxygen uptake efficiency slope (OUES) describes the rela-
tionship between oxygen uptake and ventilation during incre-
mental exercise. A logarithmic transformation of the increase 
in ventilation results in linear behaviour with a slope that is not 
dependent on the maximal exercise. OUES is defined as the 

regression slope “a” in VO₂ = a logVE + b. The OUES was es-
timated in the same time frame as the VO₂/WR ratio. Patients 
with heart failure have significantly lower OUES values than 
patients without heart failure [17, 18].

Heart rate recovery
Heart rate recovery (HRR) is defined as a reduction in heart 
rate from peak exercise to one minute later. In heart failure a 
decreased HHR can be detected and predicts mortality [19].

PetCO₂ kinetics
PetCO₂ is the end-tidal concentration of CO₂ in the exhaled 
air and correlates with PaCO₂. At rest PaCO₂ is approximately 
2 mmHg higher than PetCO2, and during exercise PetCO₂ is 
approximately 4 mmHg higher than PaCO₂ [20]. Typically, the 
PetCO₂ is approximately 33 mmHg at baseline and increases 3–6 
mmHg during exercise. In patients with heart failure the produc-
tion of CO₂ is reduced, and the increase is less than 3–5 mmHg. 
The difference in the increase in PetCO₂ (difference between 
PetCO₂ at the beginning of the examination versus the high-
est value of PetCO₂ during examination) will be called „PetCO₂ 
delta” in the following text. In chronic obstructive pulmonary 
disease (COPD) the increase is also reduced, but PetCO₂ in HF 
decreases at peak exercise, whereas it plateaus in COPD [21].

Respiratory exchange rate (RER)
The RER is calculated as the ratio between the carbon-dioxide 
output and oxygen uptake. The RER increases with exercise, 
and a RER value exceeding 1.05 indicates a good effort.

Breathing reserve
Breathing reserve is the percentage of a subjects’ maximal vol-
untary ventilation (MVV) that is not used at peak exercise. The 
MVV is approximated by multiplying the forced expiratory 
volume (FEV) by 35. Values less than 20% suggest a ventilatory 
limitation and may help to discriminate between patients with 
heart failure and those with a pulmonary disease [22].

Statistical analysis
Statistical calculations were performed using R studio Version 
2024.04.0+735. The selected parameters were tested by an un-
paired t-test. For the score we choose the significant parameters 
explained previously and performed a receiver operating 
characteristic curve (ROC curve) analysis. After this, we de-
termined the parameters for the score and performed a logistic 
regression analysis of each parameter. The location parameter 
was also used for estimating the best threshold. With different 
parameters and thresholds, we performed ROC-curve analysis 
to identify the most significant score-system.

This investigation conforms with the principles outlined in 
the Declaration of Helsinki. This study was approved by the 
ethics committee of the University Witten-Herdecke. Written 
informed consent was obtained from all participants.

	� Results

The mean age of the population was 74.4 ± 12.0 years, and 32% 
of the participants were women. The mean body mass index 
was 27.2 kg/m². Subjects with HFpEF were older and had more 
comorbidities (Table 1).
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Figure 1: AUC (area under the curve) of the eight reliable parameters

PetCO₂ delta

OUES

VO₂peak indexed by body weight /ml/min/kg

VO₂peak absolute / l/min 
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VO₂peak /% predicted value
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Table 2 shows the mean values and their standard deviation for 
the HFpEF and control groups for the selected parameters of 
the echocardiography. These results showed typical values for 
patients with and without the diagnosis of HFpEF.

Table 3 shows the mean values and their standard deviation 
for the HFpEF and control groups for the selected parameters 
of the CPET which are described in the literature as typically 
affected in patients with heart failure [12, 14]. We compared 
these parameters between patients with HFpEF and the control 
group by performing an unpaired t-test, the results of which 
are shown in the rightmost column. Additionally, we com-
pared the NT-proBNP values of both groups. Ten of the twelve 
investigated parameters were significantly different between 
the HFpEF patients and the control group.

Additionally, we performed ROC-curve analysis of the para
meter with the highest accuracy, shown in Figure 1. We se-
lected the parameters VO₂peak indexed by body weight, the 
VE/VCO₂ slope, OUES, the VO₂/WR ratio and PetCO₂ delta.

For the discrimination between HFpEF patients and patients 
without heart failure we evaluated the thresholds of the dif-
ferent parameters. First, we considered the known thresholds 
described in the literature. Additionally, we performed a logis-
tic regression analysis of each parameter using the inflection 
point, the point where the curve crosses the value 0.5 of the 

ordinate, to fit the best threshold shown in Figure 2. Finally, we 
performed a ROC curve analysis with different thresholds and 
estimated the best value for the AUC. The aim of choosing a 
threshold was to find a value with good discrimination but also 
according to the values described in the literature.

Because oxygen uptake is one of the most important param-
eters with high prognostic power, we examined VO₂peak, 
VO₂peak as a percentage of the predicted value and VO₂peak 
indexed by body weight. The ROC curve analysis revealed that 
the VO₂peak indexed by body weight had the best AUC value. 
Because VO₂peak depends on sex, age, fitness level, height and 
weight we selected VO₂peak indexed by body weight for the 
score. A value above 20 ml/min/kg is unlikely for patients with 
heart failure, so we selected this value as the threshold [21].

The VE/VCO₂-slope was selected as the second parameter be-
cause of its high specificity for heart failure. A value less than 30 
nearly excludes heart failure. However, increased values have a 
low sensitivity and are not specific for a cardiac limitation [22].

OUES typically changes in patients with heart failure. We chose 
1.6 as the threshold. The threshold in the literature is not con-
sistently determined [6, 17]. We selected this threshold after 
first performing a logistic regression analysis and using the 
location parameter. Second, we chose thresholds nearby and 
performed ROC curve analysis.

Table 1: Baseline characteristics of the population

HFpEF Control
Mean Std Mean Std

Age, y 82.7 5.0 66.1 11.2
BMI, kg/m² 27.3 4.4 27.2 4.0
History of arterial hypertension 96 % 72%
History of diabetes mellitus 24 % 10 %
CKD, GFR < 60 ml/min 48 % 8 %
History of atrial fibrillation 70 % 20 %
Atrial fibrillation at the time of 
examination

40 % 0 %

Table 2: Results of echocardiography

HFpEF Control t-tTest
Mean Std Mean Std p

Left atrial size, ml/m² 53.7 19.7 26.5 10.8 < 0.0001
E/E´ 12.2 4.6 7.1 1.9 < 0.0001
Estimated PA pres-
sure, mmHg

43.1 10.9 32.0 5.5 < 0.0001

EF % 57 6,5 61 5.8 0.002

Table 3: Results of the unpaired t-test

HFpEF Control t-test
Mean Std Mean Std p

VO₂ peak, l/min 1.04 0.27 1.87 0.55 < 0.0001
VO₂peak % pre
dicted

79.78 18.89 98.82 21.04 < 0.0001

VO₂peak,  
ml/min/kg

13.16 4.14 22.16 4.14 < 0.0001

VO₂ % predicted 
at VT1

52.7 13.75 53.54 14.71 0.7686

VE/VCO₂ slope 40.8 6.5 28.83 4.13 < 0.0001
VO₂/HR, ml/min 10.26 1.28 13.66 3.46 < 0.0001
VO₂/HR % pre
dicted

52.7 13.75 53.54 13.75 0.1717

OUES 1.28 0.33 2.27 0.65 < 0.0001
VO₂/WR ratio,  
ml/min/W

7.57 2.48 10.09 1.99 < 0.0001

PetCO₂, mmHg 28.92 4.0 31.56 2.95 0.00031
PetCO₂ delta, 
mmHg

3.84 2.57 7.5 2.53 < 0.0001

HR-recovery, 
beats/min

-5.6 4.17 -11.63 5.96 < 0.0001

NT-proBNP, pg/ml 2234 2117 110 118 < 0.0001

Table 4: Point system for the different parameters included in 
the score: a score ≥ 3 indicates HFpEF and a score of 0–2 indi-
cates no heart failure.

Parameter Definition Points

VO₂peak indexed by body weight < 20 ml/min/kg 1
VE/VCO₂ slope > 30 1
VO₂/WR ratio < 8 ml/min/W 1
OUES ≤ 1.6 1
PetCO₂ delta ≤ 4 mmHg 1

Table 5: Point system including NT-proBNP: a score ≥ 4 indica-
tes HFpEF, 0–3 indicates no heart failure.

Parameter Definition Points

VO₂peak indexed by body weight < 20 ml/min/kg 1
VE/VCO₂ slope > 30 1
VO₂/WR ratio < 8 ml/min/W 1
OUES ≤ 1.6 1
PetCO₂ delta ≤ 4 mmHg 1
NT-proBNP ≥ 300 pg/ml 1
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A decreased VO₂/WR-ratio is a sign of impaired cardiac func-
tion. The VO₂/WR ratio is useful for differentiating between 
cardiac and pulmonary diseases. The threshold varies in the 
literature. We selected a threshold of 8 ml/min/W because pa-
tients with heart failure often have a value under 8 ml/min/W 
[20] and the inflection point of the regression analysis was 
nearby.

An altered PetCO₂ kinetic reflects heart failure. An increase of 
3 or more mmHg during exercise is described as normal [14, 
21]. We chose a threshold of 4 mmHg or less for PetCO₂ delta 
by performing various ROC curve analyses.

HFpEF-CPET score
The HFpEF-CPET score was generated by assigning one point 
for each of the following criteria: VO₂ indexed by body weight 
< 20 ml/min/kg, VE/VCO2 slope > 30, VO₂/WR-ratio < 8 ml/
min/watt, OUES ≤ 1,6 and PetCO₂ delta ≤ 4 mmHg (see also 
Table 4). The total score ranges from 0 to 5 points. A score of 
3–5 points indicates a positive diagnosis of HFpEF, and a score 
of 0–2 points indicates a negative diagnosis of HFpEF. In our 
patient population, the AUC in the ROC curve analysis was 
0,976, yielding a sensitivity of 91% and a specificity of 96% for 
diagnosing HFpEF.

An improvement in the AUC was achieved by combining of 
the previous parameters with the results of the NT-proBNP 
measurements. We selected a threshold of 300 pg/ml for all 
patients for simplicity. This threshold was proposed in the 2021 
ESC guidelines for patients with acute heart failure [7]. If the 
NT-proBNP value is evaluated, a score of 0–3 points indicates 
a negative diagnosis of HFpEF. A score of 4–6 points indicates 
a positive diagnosis of HFpEF and an AUC value of 0.99, a sen-
sitivity of 100%, and a specificity of 96% are achieved (Table 5).

	� Discussion

The CPET is a unique test used to evaluate the capacity of a pa-
tient and to assess exercise intolerance and dyspnoea. However, 
to discriminate between heart failure and other causes of exer-
cise intolerance, a single parameter of the CPET is not specific 
enough. Previous investigations revealed a high probability of 
heart failure if the VO₂peak was reduced and the VE/VCO₂ 
slope was elevated. Neither parameter is specific for cardiac 
limitation, and with intermediate results further investigations 
are needed [9]. In the previous sections we aimed to create a 
score to confirm the diagnosis of HFpEF by combining several 
parameters that are affected by cardiac limitations.

We compared twelve parameters of the CPET in patients with 
HFpEF with a control group with no evidence of heart failure. 
To create the score, we wanted to combine no more than six 
parameters to keep the score as simple as possible. We selected 
the VO₂peak indexed by body weight, the VE/VCO₂ slope, the 
VO₂/WR ratio, the OUES and the increase in PetCO₂ during 
exercise because these parameters yield the best results by per-
forming ROC-curve analysis and are covering different aspects 
of CPET.

Peak oxygen consumption and ventilatory efficiency meas-
ured by VE/VCO₂-slope are the most important parameters 

for evaluating the reasons of exercise intolerance. Reduced 
OUES and aerobic capacity measured by the VO₂/WR ratio 
are relatively specific for heart failure. Low PetCO₂ delta re-
flects low CO₂-production and is reflected in heart failure but 

Figure 2: Logistic regression of the five parameters of the HFpEF-CPET score
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also in lung diseases. The thresholds for differentiating be-
tween HFpEF and no evidence of heart failure were selected 
by considering the thresholds mentioned in the literature, the 
inflection points, logistic regression analysis and ROC curve 
analysis. A score with these five parameters obtained a high 
sensitivity and specificity for the diagnosis of HFpEF in our 
patient population. By adding the value of NT-proBNP we 
achieved an improvement in sensitivity, while the specificity 
remained the same. Compared with the two noninvasive scor-
ing systems for diagnosing HFpEF, the H2FPEF score and the 
HFA-HPFF score [23], the CPET-HFpEF score clearly improve 
the diagnostic power.

Churchill and Li demonstrated good overall performance of 
the HFA-PEFF algorithm and the H2FPEF score in patients, 
who underwent cardiopulmonary exercise testing with inva-
sive hemodynamic monitoring. But they highlighted potential 
misclassification, particularly at low scores. While the full 
HFA-PEFF algorithm achieved a sensitivity and specificity of 
72% and 91%, respectively, the H2FPEF score lead to a sensitiv-
ity of 31% and a specificity of 92% [24].

We abstained from integrating the O₂-pulse, oxygen uptake at 
the first ventilatory threshold and heart rate recovery into the 
score for several reasons. Because the O₂ pulse is influenced by 
the use of betablockers and we did not interrupt the medication 
before the CPET, its inclusion could influence the results. Ad-
ditionally, we found no significant difference in the predicted 
O₂ pulse between the two groups making it unsuitable for scor-
ing. These results may have been influenced by the different 
age of both groups. The oxygen uptake at the first ventilatory 
threshold (VO₂/VT1%) was not significantly different between 
the two groups. Although heart rate recovery was significantly 
different, including it in the score had no additional benefit 
discriminating between HFpEF patients and non-HFpEF pa-
tients, as determined by ROC curve analysis.

Limitations
The score was developed for patients with unexplained dys
pnoea or exercise intolerance and a preserved ejection fraction 
on echocardiography to differentiate between HFpEF and no 
evidence of heart failure. The diagnosis of HFpEF was not con-

firmed by invasive haemodynamic assessment with right heart 
catheterization, but we used the maximal score of HFA-PEFF 
algorithms for the diagnosis of HFpEF. Additionally, this was 
a single-center study, and the sample size was relatively small.

Finally, the control group differed in terms of age and some co-
morbidities. For example, patients with atrial fibrillation were 
significantly more common in the HFpEF group, but atrial fi-
brillation is a significant concomitant phenomenon of HFpEF. 
Probably this score will also improve the diagnosis of HFrEF 
and HFmrEF, but this was not subject of the study.

	� Conclusion

The gold standard for diagnosing HFpEF is the invasive meas-
urement of elevated filling pressures. With the CPET it is pos-
sible to verify typical signs of heart failure, such as exercise in-
tolerance and dyspnoea and objective parameters of impaired 
cardiac function in just one comprehensive examination. The 
HFpEF-CPET score is a test that makes the diagnosis of HFpEF 
very accurate and additionally provides information about the 
prognosis and fitness level of the patient. The combination of 
five parameters of the CPET has very high diagnostic value and 
discriminates well between patients with HFpEF and patients 
without heart failure. Furthermore, in combination with NT-
proBNP the diagnostic power can be further increased.
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