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Given the sobering rise of heart failure (HF) with a preserved

ejection fraction (HFpEF) and the increasing financial burden of

HF-related hospital readmissions, it is imperative to identify

patients at increased risk of rehospitalization in order to initiate

aggressive medical and healthy living interventions.1,2 Cardiopul-

monary exercise testing (CPX) has gained much scientific traction,

showcasing its usefulness for predicting rehospitalizations, ad-

verse events, and mortality.3–5 Although the evidence demon-

strating the prognostic strength of CPX in HFpEF patients lags

behind the mounting evidence collected in HF patients with a

reduced ejection fraction (HFrEF), the few studies that exist reveal

similar observations between the 2 phenotypes. The study by Palau

et al., published in Revista Española de Cardiologı́a,6 demonstrates

for the first time the power of percent-predicted peak oxygen

consumption (VO2) in identifying HFpEF patients that were at an

increased risk of recurrent hospital admissions over a 3-month

period. Their findings contribute valuable data that extend the

evidence supporting the application of CPX in clinical settings and

encourage the use of percent-predicted peak VO2 in patients with

HFpEF, which has been established as a powerful prognosticator in

HFrEF.3,5,7 Of note, Palau et al. identified an independent, linear

association with recurrent all-cause and cardiovascular mortality

as well as acute HF admissions in an elderly, highly symptomatic

HFpEF cohort. A 10% reduction in percent-predicted peak VO2 was

associated with a 32% increased risk of recurrent hospitalization,

which remained significant when the minute ventilation/carbon

dioxide production (VE/VCO2) slope was added to the multivariate

model. However, the VE/VCO2 slope on its own was not predictive

of recurrent hospitalizations. Globally, these findings are a

valuable contribution to the limited HFpEF literature showcasing

the value of CPX in predicting recurrent hospital readmissions.

Many of the initial investigations related to the exploration of

CPX markers have been conducted in patients with HFrEF. Since

the initial landmark studies highlighting the strength of mortality

prediction using peak VO2,
8–10 many efforts have been made to

identify stronger predictive measures. Assessment of ventilatory

efficiency (ie, the VE/VCO2 slope) has emerged as a more telling

predictor of events, hospitalizations, morbidity, and mortality in

patients with HFrEF, compared with peak VO2.
11,12 Similarly,

identification of a cyclic or oscillatory breathing pattern13–15 in

roughly 30% of HFrEF patients16,17 in response to increasing

exercise intensity (ie, exercise oscillatory ventilation [EOV]) has

also emerged as an equally–if not more–predictive marker of

cardiac events compared with VE/VCO2 slope in HFrEF.11,12 In

contrast, a clear ranking of the most powerful event predictors has

not emerged in the HFpEF population. Guazzi et al. reported the

superior prognostic power of EOV compared with VE/VCO2 and

peak VO2, while VE/VCO2 outperformed peak VO2 in predicting

cardiac events in patients with HFpEF.18 Yan et al. confirmed the

stronger predictive power of VE/VCO2 compared with peak VO2,

but did not assess EOV.19 It is worth mentioning that neither of

these studies calculated percent-predicted peak VO2, a robust

predictor–more so than peak VO2 alone–in a cohort with a wide

age range. Indeed, the severity of a person’s disease state greatly

impairs oxidative capacity; however, the inevitable decline in peak

VO2 with age confounds comparisons of peak VO2 across various

ages (ie, 50-year-old and 70-year-old HF patients). It may therefore

be more accurate to calculate a patient’s percentage of predicted

peak VO2 to establish prognostic significance in a cohort of varying

ages. Furthermore, percent-predicted peak VO2 has been shown to

be equally–if not more–predictive of adverse events than VE/VCO2

when the Wasserman/Hansen20 prediction equation is used in

patients with HFrEF.21 Shafiq et al. were the first to evaluate the

predictive power of percent-predicted peak VO2 in patients with

HFpEF.22 Their comprehensive, retrospective analysis tested the

strength to predict mortality and cardiac transplants in 173 HFpEF

patients and the findings partly contradicted previous findings in

patients with HFrEF or HFpEF. Percent-predicted peak VO2 (chi-

square = 15.0, hazard ratio per 10%, P < .001) was found to be the

strongest predictor of events, followed by peak VO2 (chi-square =

11.8, P = .001). However, the VE/VCO2 slope (chi-square = 0.4, P =

.54) and EOV (chi-square = 0.15, P = .70) were not significant

predictors. Although the current study by Palau et al. did not

evaluate EOV, their observation of percent-predicted peak VO2

outperforming the VE/VCO2 slope (which was not a significant

predictor on its own) in predicting recurrent hospitalizations was
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similar to the observations by Shafiq et al. With few studies

evaluating the prognostic usefulness of CPX in HFpEF patients, and

only 1 study including all measures (peak VO2, VE/VCO2, percent-

predicted peak VO2, EOV), it is difficult to make objective

comparisons among the available reports. The conflicting out-

comes among the existing HFpEF studies regarding the VE/VCO2

slope may certainly be due to differences in cohort characteristics.

Notable differences among the HFpEF studies discussed include

disease state, age, and sex distribution of the HF cohorts. Patients in

the studies by Guazzi et al. and Yan et al., demonstrating the VE/

VCO2 slope as a powerful prognostic marker, had an average slope

of �35 and �36, respectively, compared with �30 in the cohort

reported by Shafiq et al. Additionally, EOV was only prevalent in 7%

of the group described by Shafiq et al., whereas average prevalence

rates have previously been reported to be closer to 30%, suggesting

that the disease state of the cohort studied by Shafiq et al. may not

have been as advanced as that of the patients in the studies by

Guazzi et al. and Yan et al. Despite the reported average peak VO2

of 10 mL�kg�1�min�1 and VE/VCO2 slope of �36 in the study by

Palau et al., the latter was not found to be a significant predictor of

multiple hospital readmissions in a 3-month period (P = .08). While

previous studies have endorsed the use of the VE/VCO2 slope to

identify patients at risk for time-to-first cardiac hospitalization,

the same studies did not assess its ability to predict recurrent

hospital visits, as done in the study by Palau et al. Moreover, an

observation period longer than 3 months may be needed to

establish VE/VCO2 as a significant predictor of recurrent hospita-

lizations. There have also been differences in the age and sex

distributions of patients with HFpEF among the available studies.

The sample of HFpEF patients in the current study were older (72.5

� 9.1 years) and had a higher percentage of women (53%) than the

other patient samples from previous studies. This is in line with

epidemiologic characterization studies of HFpEF patients, who have

been identified to be older and to consist of a higher proportion of

women than patients with HFrEF. In contrast, participants in the

study by Shafiq et al.22 were on average younger (54 � 14 years),

mostly male (65%), similar to patients in the study by Guazzi et al.,23

in which more than 80% were men and the mean age was 58 years,

while participants in the study by Yan et al.19were also composed of a

greater proportion of men (71.4%) but were older (68.8 � 9.0 years).

The wide variance in participant characteristics has been thought to

be associated with practitioner biases favoring CPX referrals for

relatively younger HFpEF men in clinical settings. Although it is

currently difficult to make direct comparisons among studies with

differing HFpEF cohorts, it is encouraging that agreements exist

between contrasting cohorts on the strongest prognostic measures

(ie, Guazzi et al.18,23 and Yan et al.19).

As our understanding of the clinical and prognostic implications

of CPX outcomes continues to evolve, an area worth exploring

relates to the 3-dimensional characterization of response to

exercise, including cardiopulmonary, electrocardiographic, hemo-

dynamic, and subjective symptom responses. Each of the CPX

measures discussed in this editorial comment (peak VO2, percent-

predicted peak VO2, VE/VCO2 slope, EOV) and other studies (ie,

heart rate recovery, blood pressure response, symptoms) have

been recognized to identify patients with an increased risk of

recurrent hospitalizations, cardiac events, and/or death in one or

more investigations. With much of the current scientific effort

placed on highlighting the measure with the greatest predictive

power, opportunities to better guide medical treatment by

developing either a composite CPX score or a comprehensive

outcome table may have been overlooked. Arena et al.21 identified

the presence or absence of unfavorable CPX measures (ie, VE/VCO2

slope � 36, percent-predicted peak VO2 < 47%, left ventricular

ejection fraction � 25%, New York Heart Association class III/IV)

and compared adverse event rates among those that had 0, 1, 2, 3,

or 4 abnormal values in HFrEF patients; they found a significant

increase in adverse event rates with the increased number of

abnormal characteristics.21 While additional investigative inquiry

is required to support the implementation of this model, it is still

attractive, particularly when considering the number of studies

that are in disagreement regarding the single most powerful event

predictor. The lack of agreement on the single most powerful

prognosticator may also partly contribute to practitioners’ hesitant

adoption of CPX over traditional symptom-limited tests. A more

attractive, comprehensive model using color-coded tables to

facilitate the interpretation of CPX outcomes has been proposed

and presented in a number of guideline statements and

reviews.4,5,24 These tables present each CPX measure (ie, the VE/

VCO2 slope, percent-predicted peak VO2, EOV, hemodynamic

response, heart rate recovery, etc) stratified into their respective

level of abnormality by evidence-based classification schemes.

Normal responses are identified by green, while intensifying

abnormalities are highlighted in yellow, orange, and red. In theory,

a greater proportion of CPX variables highlighted in orange and red

would indicate the need for aggressive medical intervention. The

clinical application of this method has not currently been

investigated and therefore future efforts are required to explore

its efficacy.

The novel observations by Palau et al. are timely considering the

increased diagnosis and rehospitalization rates of patients with

HFpEF, which have placed a high financial burden on health care

systems.25 This study further establishes the clinical significance of

expressing peak VO2 as a percentage of age- and sex-predicted

peak VO2 equations. While there are still many gaps in the

literature regarding CPX as a prognostic tool in the HFpEF

population, valuable advances are being made in shorter time

periods. The next line of investigations should consider evaluating

CPX outcomes in a comprehensive manner in patients with HFpEF.
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