IN THE CLINIC

Role of cardiopulmonary stress testing
in heart failure management
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INTRODUCTION

Heart failure (HF) is a global problem of epi-
demic proportions. In the United States HF affects
more than 5 million people currently, with 500,000
newly diagnosed cases every year. It is a syndrome
of multiple etiologies and can involve systolic and/
or diastolic dysfunction. The risk of death due to HF
has increased partly because advances in technol-
ogy have decreased the age-adjusted death rates
for cardiac diseases, especially those of ischemic
origin, and, therefore, increased the prevalence of HF
through longer survival.

Direct measurement of ventilation and gas ex-
change during exercise is called a cardiopulmonary
stress test (CPX). Cardiopulmonary stress testing
measures multiple parameters that vary with altera-
tions in cardiac and pulmonary function. The most im-
portant variables are expiratory ventilation (VE), pul-
monary gas exchange expressed as oxygen uptake
(VO,), carbon dioxide output (VCO,), cardiac rate and
rhythm, and blood pressure. A composite set of vari-
ables measured by CPX links cardiovascular and pul-
monary responses to the metabolic demands of exer-
cise. Exercise intolerance is a characteristic feature
of HF with symptoms, such as shortness of breath,
fatigue, or both, which are usually out of proportion
to the level of exertion. Therefore, the assessment of
exercise intolerance can be used to predict the de-
gree of cardiac impairment, stratify risk, and optimize
therapy.

The use of CPX in HF patients began with the
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classic investigation by Mancini et al in 1991." Cur-
rently, CPX is used for diagnosis, risk stratification,
and prognostication (Figure 1).1'5 This review focuses
on use of CPX in the assessment of disease severity
and clinical management of HF with reduced ejection
fraction (HFrEF) as well as preserved ejection frac-
tion (HFpEF).

ASSESSMENT OF DISEASE SEVERITY,
RISK STRATIFICATION, AND PROGNOSTI-
CATION

In HFrEF the most important use of CPX is to
triage patients at the appropriate time to advanced
HF therapies, such as implantation of ventricular as-
sist devices (VADs) and cardiac transplantation. In
HFpEF it is used to determine disease severity by
unmasking symptoms with exercise. In both cases
it is also used to guide management toward optimal
medical regimens or to triage to advanced surgical
therapies for HF.

The New York Heart Association (NYHA)
functional class is a subjective classification address-
ing a patient’s functional capacity.” To overcome the
subjectivity of this classification exercise testing, such
as CPX, has been used to make objective decisions
about the treatment of chronic HF." Peak oxygen con-
sumption (VO,) has been shown to correlate with
functional capacity and mortality. This relationship be-
tween oxygen consumption and outcomes was first
reported by Mancini et al. More recently, other mea-
surements obtained during metabolic exercise tests
have been shown to predict mortality in patients with
end stage HF. The slope of the relationship between
ventilation and carbon dioxide production (VE/ VCO,
slope), the end tidal carbon dioxide (CO,), the oxygen
uptake efficiency slope (OUES), and the rate of heart
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Figure 1

rate recovery have all been found to be useful pre-
dictors of outcome.”” Russell et al showed that the
NYHA functional class predicts exercise parameters
and can be used for assessing disease severity and
outcomes.” The study by Russell also demonstrated
that there is a significant difference in the peak VO,,
VE/ VCO, slope, and exercise time in patients with
NYHA functional class Il symptoms compared to
those with NYHA functional class IlI/IV symptoms.11

In the era of evidence-based medicine, risk
stratification using multivariable scores has reliable,
robust scores using CPX as one of the parameters.“—"22
The Heart Failure Survival Score by Aaronson et al
has proved to be better than using peak oxygen con-
sumption alone.” The score by Myers et al"" also
used VO,, VE/ VCO, slope, end-tidal CO, pressure,
OUES, and heart rate recovery. The VE/ VCO, slope
was the strongest predictor of cardiovascular risk for
mortality. Poor ventilatory control in heart failure can
manifest as a crescendo-decrescendo pattern with-
out interposed apnea called exercise oscillatory ven-
tilation (EQV). Peak circulatory power is the product

of peak VO, and peak systolic blood pressure. There-
fore addition of these extra parameters such as Ex-
ercise Oscillatory Ventilation (EOV), the lowest VE/
VCO, ratio, peak circulatory power, VE/ VCO, slope,
and OUES, produced an optimal score for predicting
the risk for mortality in this population.z';'24

Exercise ventilatory power (EVP) is the ratio
between peak systolic blood pressure and the VE/
VCO’ slope. Forman et al’” showed that using < 3.5
mmHg for the EVP as a cutoff for high risk had better
prognostic discrimination capability and predict sur-
vival. Subsequently, Borghi-Silva et al” used Doppler
echocardiographic recordings throughout the CPX
tests in patients with HFrEF and showed that lower
EVPs indicated severely impaired peak VO, and car-
diac output response to exercise with consequent im-
pairment of right heart function and hemodynamics
affecting the pulmonary system. This result showed
that a lower EVP indicated increased disease sever-

ity.

The relative increase in VO, to maximal work
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rate (WR) (change in VO,/change in WR) has been
proposed as an indicator of cardiac efficiency and
aerobic generation of adenosine triphosphate. In nor-
mal subjects this increases linearly and represents a
surrogate index of cardiac output. In ventricular dys-
function during exercise, this parameter may plateau
and fail to reach a value = 10 mL/min/W. Addition-
ally, a flat A VO,/AWR was associated with increased
systolic pulmonary artery pressure and decreased RV
systolic function.””

The Exertional Oscillatory Ventilation (EOV)
has been found to be an important prognostic index
in HF. The pathophysiological mechanisms of EOV
are still not fully understood. Several factors, includ-
ing decreased cardiac output, suboptimal chemo-
receptor responses, reduced ventilator control, RV
dysfunction, abnormal pulmonary hemodynamics,
and delayed information transfer related to arterial
CO, levels from the pulmonary capillaries to periph-
eral and central chemoreceptors secondary to im-
paired ventricular function, probably affect the EOV.
Hence, the addition of EOV to CPX parameters would
be useful for better risk stratification and prognostica-
tion. The utilization of the Metabolic Exercise test data
combined with Cardiac and Kidney Indexes (MECKI)
score for prognostication helps identify cardiovascu-
lar mortality and the requirement of heart transplan-
tation. The MECKI score consists of six laboratory
values, such as hemoglobin, sodium, creatinine clear-
ance calculated by the Modification of Diet in Renal
Disease (MDRD) equation, the left ventricle ejection
fraction (LVEF), the percentage of VO, max, and the
VE/ VCO, slope.”™

Respiratory muscle performance (RMP) has
emerged to be an important factor in risk stratifying
patients with chronic HF. The strong association of
RMP to indices of pulmonary vascular hemodynam-
ics is valuable in the context of a plateau in change in
\'/Ozlchange in WR. However, measurement of RMP
has limitations. Despite these challenges RMP still
appears to have a role in patients with HF for diagno-
sis, prognosis, and therapy.”"

DETERMINATION OF MYOCARDIAL CON-
TRACTILE RESERVE

The strongest correlation with VO, max was
with the peak left ventricular systolic tissue velocity
(S’) during exercise. Resting echocardiographic pa-
rameters, like the ejection fraction of the left ventricle,
correlated poorly with exercise capacity. In idiopathic
dilated cardiomyopathy, VO, max reflected myocar-
dial contractile reserve in ambulatory patients. How-
ever, the slope of VE/ VCO, was not useful in this
population. In another study with non- ischemic car-
diomyopathy patients, BNP and left ventricular inotro-
pic reserve correlated well with CPX.*

UsE oF CPX FOR GUIDING THERAPY

The use of CPX in HFrEF and HFpEF is well
documented in the current literature. Some represen-
tative studies are listed in Table 1. The use of CPX
has been demonstrated in both patients with HFrEF
and those with HFpEF to help with risk stratification
and prognostication. Figure 2 shows a suggested al-
gorithm for using CPX to risk stratify and guide man-
agement of HF.

The Ventilatory Threshold (VT), also called
the anaerobic threshold, assesses exercise intensity,
ventilation, and metabolism and has potential use
in therapeutic interventions. In HF, aerobic exercise
training should be performed below the VT. Intermit-
tently, exercise above VT can be done but with cau-
tion.” Hence assessment of VT can be used to de-
termine exercise prescriptions in HF. In a small study
CPX guided exercise rehabilitation was safe and ef-
fective for patients with HF.”

SUMMARY

Cardiopulmonary exercise testing has evolved
considerably since the first report of its use in HF in
1991. The test has multiple uses in HF, including defin-
ing right ventricular failure and secondary pulmonary
hypertension.”” Multiple small studies have demon-
strated the utility of CPX in diagnosis, risk stratifica-
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tion for mortality, and prognostication of HFrEF and
HFpEF The use of CPX in grading diastolic dysfunc-
tion has been reported in a small study of individuals
with HFpEF.” Future research investigations may be
needed to conclusively include the newer parameters
discussed (EOV, OUES, EVP and circulatory power)
before these can be used routinely in CPX assess-
ments.” CPX is, therefore, a highly useful, compre-
hensive test to evaluate, risk stratify, and guide thera-
py in the present day management of HF.

Keywords: Cardiopulmonary stress test, HFpEF, HFrEF,
VO, max, VE/ VCO,
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Table 1 : Selected studies investigating utility of CPX in HFrEF and HFpEF

Study Study Type | Type of HF (Sl:;bjects Conclusions

f Qi 26
f:lrfhl Silva et al Prospective | HFrEF 86 Lower EVP suggests higher disease severity
Foreman et al” 2012 | Prospective | HFrEF 875 Ventilatory power was the strongest prognostic factor

Bandera et al 2 2014 | Prospective | HFrEF, HFpEF | 136

Aflat AVO,/AWR reflects impaired functional phenotype

Lewis et al** 2008 Prospective | HFrEF 30 Significant correlation between VE/VCO, and PVR , RVEF

Moore ef al* 2007 Prospective | HFrEF, HFpEF | 147 VE/VCO, slf)pe is significantly higher in patients with SHF
compared with DHF

Kitte et al* 2006 Prospective | HFrEF, HFpEF | 216 Pat.lcnts W}th DHF have exercise tolerance between that of
patients with SHF and controls

Guazzi et al¥ 2010 st || EREE 2 CPX parameters can be used for assessment of the degree of

DD

SHF-systolic HF, DHF-diastolic HF, DD-diastolic dysfunction, HRrEF-heart failure with reduced ejection fraction,

HFpEF-heart failure with preserved ejection fraction
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Figure 2
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