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Abstract

We aimed to assess the prognostic utility of different parameters routinely assessed from
cardiopulmonary exercise testing (CPET) and exercise echocardiography in adults with end-
stage renal disease (ESRD). Forty-two ESRD (37 male) individuals (age: 58+13 years,
height: 169.30+8.30 cm, weight: 81+15 kg, body surface area: 1.92+0.20m?) underwent a
maximal/symptom limited CPET, with a full cross-sectional echocardiogram performed at
baseline and peak exercise. All participants were prospectively followed over a 10-year
period, with all-cause mortality as the primary endpoint. After the follow-up period, a total of
19 people (45%) died. Left atrial size (4.70+0.70 vs. 3.65+0.50 cm, P<0.001) and
anteroseptal wall thickness (1.28+0.40 vs. 1.06+£0.02 cm, P=0.002) were significantly greater
in those that died, while peak heart rate was significantly lower (108£12 vs. 128+14 bpm,
P<0.001). The prevalence of myocardial ischaemia (13 participants vs. 8 participants,
P=0.03) was significantly greater, while peak VO2 (9.80+£2.10 vs. 15.90+4.30 ml-kg!-min™!,
P<0.001) was significantly lower in those that died. Following multivariate cox regression,
myocardial ischaemia (Hazard Ratio 3.08; 95% Confidence Interval 1.09 — 8.70; P=0.03) and
peak VO2 (HR 0.73; 95% CI 0.64 — 0.84; P<0.001) were significant independent predictors
of all-cause mortality. This is the first study to establish peak VO> as powerful marker of all-
cause mortality when assessed with clinical, resting and stress echocardiography parameters
in people with ESRD over a 10-year follow up period. This observation indicates that, in
clinical practice, CPET and exercise echocardiography may serve as valuable tools for the

risk stratification of people with ESRD.
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Highlights

e We aimed to assess the prognostic utility of cardiopulmonary exercise testing (CPET)
and exercise echocardiography in end-stage renal disease (ESRD) with 10-year
mortality.

e Peak aerobic capacity and the presence of ischaemic heart disease were independently
associated with all-cause mortality.

e This observation indicates that, in clinical practice, CPET and exercise
echocardiography may serve as valuable tools for the risk stratification of people with

end-stage renal disease.



Introduction

Chronic kidney disease (CKD) results from structural renal damage and progressively
diminished renal function characterized by a reduction in glomerular filtration rate (GFR) .
CKD may eventually lead to end stage renal disease (ESRD) requiring renal replacement
therapy such as dialysis or transplantation . The prevalence of CKD is estimated to be
between 11 to 13%, and while ESRD is only estimated to represent 0.1% of these cases, these
patients are most prognostically vulnerable 3. Seventy-seven percent of patients are treated
with haemodialysis or peritoneal dialysis, while the remaining will have a kidney transplant *.
Individuals with ESRD demonstrate a pronounced risk for cardiovascular disease (CVD),
with CV mortality accounting for approximately 40-50% of all deaths in ESRD 2, including
in young adult patients ®. The association between ESRD and CVD is multifaceted and highly
complex with the varying pathophysiological effects of traditional risk factors, renal
hormone, enzyme and cytokine excretion, haemodynamic changes and inflammation -2,
These complex mechanisms often lead to vascular calcification and disease 2, as well as
direct myocardial effects such as left ventricular hypertrophy (LVH) 7, systolic and diastolic

dysfunction, dilated cardiomyopathy, and myocardial ischaemia %°.

Exercise intolerance is a hallmark of ESRD, even at low intensities such as those encountered
during daily actives '°. Studies have consistently evidenced that reductions in exercise
capacity augment CVD risk and serves as a significant predictor of mortality in ESRD 14,
Cardiopulmonary exercise testing (CPET) is the gold standard for assessing functional
capacity and unmasking physiological mechanisms of exercise intolerance '°. While the role
of cardiovascular assessment in asymptomatic patients that are awaiting transplantation
remains controversial, given the prevalence of CVD and myocardial alterations in ESRD, the
use of simultaneous echocardiography may provide useful insight into the detection of early
signs of otherwise silent CVD with subsequent implications for long-term outcome risk.
Previous work has evidenced the prognostic value of CPET derived measures of
cardiorespiratory fitness and standard resting echocardiographic parameters in ESRD '6;
however, no research to date has investigated the predictive utility of combined exercise
echocardiography and CPET variables in this population. This is especially important given
the validity of stress echocardiography in the detection and diagnosis of ischaemic heart

disease !” which remains a leading cause of mortality in adults with ESRD 819,



Therefore, this novel study aims to determine whether routinely assessed parameters from
CPET and exercise echocardiography can provide prognostic information on the risk of

mortality in ESRD with 10-year follow-up.



Methods

Study population and inclusion criteria

The study population consisted of 42 ESRD (37 male) participants (age 58+13.90 years,
height 169.30+8.30 cm, weight 81£15 kg and body surface area of 1.92+0.20m?) who were
recruited from Ealing Hospital, North West London University Healthcare NHS Trust, which
is a district general hospital. The inclusion criteria for the study were male and female adults
>18 years of age with ESRD that were able to exercise on an upright cycle ergometer. ESRD
was characterised as an eGFR <15 mL-min"'-1.73m?. Participants were excluded if they were
unable to consent, had known coronary artery disease (CAD) (>70% stenosis), had unstable
angina, were not in sinus rhythm, or had moderate to severe valvular heart disease
(regurgitation and/or stenosis across any valve, using qualitative, semi-quantitative and/or

quantitative echocardiographic assessment).

Participants enrolled in the study underwent medical examination to identify any
comorbidities or physical conditions that would contraindicate or exclude them from
participation. Their family histories were questioned, and a list of their current cardiac
medications were recorded. Blood samples were taken and tested for total cholesterol (mg-dL"
1) and triglycerides (mg-dL"). The eGFR was calculated from collections of serum creatine
and applying the Modification of Diet in Renal Disease equation 2°. This investigation
conformed to the Declaration of Helsinki principles. All participants provided written

informed consent before testing and the local research ethics committee approved the study

(09/HO710/22).

Experimental protocol

All participants underwent a maximal/symptom limited CPET, with a full cross-sectional
echocardiogram performed at baseline and peak exercise. 12-lead electrocardiography and
blood pressure (BP) were recorded during testing. Participants were seated resting for 5
minutes prior to any exertion and performed 2 minutes of unloaded cycling before resistance
was added. Studies were performed 24 hours after dialysis, when participants were closest to

their euvolemic state. At yearly intervals, (£2-week period of the month recruited) the



participants were clinically assessed for changes related to medication, admissions to hospital

and mortality.

Baseline and stress echocardiography

Two-dimensional transthoracic echocardiography was used to obtain conventional views and
measurements ! using a portable ultrasound Philips iE33 system (Philips Medical, Best,
Netherlands) with a 1.5-3.6MHz phased array transducer. Images were acquired at rest and
immediately following the exercise test whilst the participant was still on the cycle
ergometer. Stress (exercise) was conducted on an upright cycle ergometer (Lode Corival;
Lode, Groningen, Netherlands), using a standard 15W ramp protocol while maintaining a
cadence of ~60rpm until volitional fatigue was evident, despite being encouraged by
investigators. Stress echocardiography was performed in accordance with British Society of
Echocardiography stress protocol ?2. Standard parasternal long axis, parasternal short axis,
apical four, two, and three chamber views were acquired at rest and peak work rate. The left
ventricle (LV) was divided using a 17-segment model for qualitative analysis and wall
motion was scored using a 4-point wall motion scale (1, normal wall motion; 2, hypokinesis;
3, akinetic; and 4, dyskinetic) as is standard. An abnormal response was described as the
exercise-induced akinesia or dyskinesia in one or more segments, and/or a worsening of wall
motion in one or more resting hypokinetic segments. The peak wall motion score index was
calculated for each participant. Using this, participants were categorised as ischaemic or non-
ischaemic. Pulsed wave doppler recordings were used to assess transmitral Doppler, and
tissue Doppler imaging 2, as well as M-mode echocardiography for tricuspid annular plane
systolic excursion. LV and left atrial (LA) volume and ejection fraction (LVEF) were

calculated using the Simpsons biplane method of discs 2.

Cardiopulmonary Exercise Testing

A metabolic cart (Ultima CPX, MedGraphics Corporation, St. Paul, MN) was used to
perform breath by breath gas exchange analysis. From this, measures of peak oxygen
consumption (peak VO,) (ml-min”! and ml-kg'-min'), gas exchange threshold (ml-kg- 'min-
1, peak Oz pulse (ml-beat™!), and minute ventilation (ml-min') were acquired. Peak VO2 was

defined as the maximal oxygen consumption recorded during the final 10-seconds of the test.



The gas exchange threshold was estimated by applying the V-slope method and ventilatory
equivalents 2. Both Peak VO, and gas exchange threshold were indexed to participants body
mass. Peak respiratory exchange ratio was calculated as VO2/VCOs. Exercise time (mins) and
peak work rate (watts) were recorded at the end of the study. During the CPET, oxygen
saturations were monitored continuously using a pulse oximetry probe, which was positioned
on the index finger. Throughout baseline, exercise and recovery a 12-lead ECG was recorded
using GE Marquette Hellige (Milwaukee, Wisconson, USA). Standard setup was applied with
a paper speed of 25mm-s™! 2°. Heart rate was measured continuously using the ECG, which
was used to ascertain baseline heart rate and peak heart rate (b-min™'). At baseline and at 3-
minute intervals thereafter, BP was recorded using a stethoscope and pressure gauge
(Belmalia Aneroid, Berlin). Measures of baseline and peak systolic and diastolic BP were
recorded. Prior to each test, the equipment was calibrated using a 3-litre syringe and standard
reference gases. The American Thoracic Society recommendations for exercise test

termination were followed 2.

Follow up

After the testing session, participants were followed up via contact with the transplant unit
and review of inpatient and outpatient medical records. Data was collated by contacting
participants, family, general practitioners and reviewing hospital records to inquire about
hospital admissions, cardiovascular events, or deaths. The study was observational; therefore,
changes in treatment policy were not contemplated. The primary end point was all-cause

mortality with a follow-up period of 10-years.

Statistical Analysis

Continuous variables are expressed as meantstandard deviation and categorical variables as n
(%). Group comparisons were based on 2-sample ¢ test for continuous variables and 2 test
was used for categorical variables. The optimal cut-off value for peak VO, was determined
from receiver operator characteristic curve analysis. Kaplan-Meier survival curves were
constructed and compared using the log-rank test and a P-value of <0.05 was used to report
statistical significance. The survival curves were stratified according to a peak VO, of >10.1

ml-kg!min"! and <10.1 ml-kg™!-min’! (sensitivity of 0.84 and specificity of 0.91) and the



presence or absence of myocardial ischaemia. The peak VO thresholds were determined

based on previous data in such clinically vulnerable populations 2%%.

Multivariable adjusted cox proportional hazard models were constructed to ascertain
predictors of all-cause mortality. For model building, significant univariate parameters were
evaluated for their association with all-cause mortality. Age and cardiovascular disease
(CVD) risk factors were included in all models. Forward stepwise selection procedures were
used to compare models for goodness-of-fit and a P-value of <0.01 was used for retention in
the final model. The final multivariate model consisted of 2 variables (peak VO, and
myocardial ischaemia). Hazard ratios (HR) and corresponding 95% confidence intervals (CI)
are reported. All analyses were conducted using the statistical package for social sciences

(SPSS 26 release version of SPSS for Windows; SPSS Inc., Chicago IL, USA).



Results

All 42 ESRD participants completed the exercise stress test with no reports of any side
effects or ill health. The characteristics of all participants stratified into event-free and all-

cause mortality groups are described in Table 1.

Medical therapy was broadly similar across both groups, although significantly more all-
cause mortality participants were taking beta blockers (P=0.002). Most participants were
engaged with lipid lowering and anti-hypertensive medical therapy, with 75% on lipid-
lowering agents, 35% taking ACE inhibitors and 48% on beta-blockers. There were no
significant differences in the prevalence of CVD risk factors or prior coronary
revascularisation between the groups. The overall prevalence of hypertension, diabetes and
hypercholesterolaemia were 45%, 55%, and 62% respectively. Fourteen percent of the

recruited participants had a previous MI, PCI, and/or CABG.
Survival

Survival status was determined at the end of the mean 10-year follow-up period. The study
end point of death occurred in a total of 19 (45%) participants. The clinical parameters and
respective statistical significance of each are detailed in Table 1. While there was no gender
difference, unsurprisingly, those who were older were significantly more likely to die than
those of a younger age (65+14 vs. 53+11 years, P<0.001). Of interest, the study end points of
death at 1 and 5-years of follow-up time occurred in a total of 4 (10%) and 12 (29%)

participants, respectively.
Echocardiographic Parameters

The all-cause mortality group had a significantly greater LA size (4.70+£0.70 vs. 3.65%0.50
cm, P<0.001) and significantly greater anteroseptal wall thickness (1.284+0.40 vs. 1.06+0.02
cm, P=0.002), than participants who were alive. In regard to stress echocardiography
parameters, twenty-one participants had ischaemia (50%), and the presence of ischemia was
significantly greater in those who died (P=0.03). However, in both resting and stress
echocardiography, there was no significant difference between groups for LVEF, systolic and
diastolic diameters, diastolic parameters (Mitral E, Mitral E/A, Mitral E deceleration time) or

peak/resting wall motion score index (WMSI).



CPET Parameters

Several CPET parameters were significantly different between all-cause mortality and those
who were alive. These included a lower peak heart rate, shorter exercise time, lower peak
VO, lower peak O; pulse, lower minute ventilation, lower VO2/work rate slope, and lower
peak work rate (all P<0.05). However, baseline heart rate, nor baseline and peak systolic and
diastolic BP were significantly different between the two groups. All tests were terminated

due to physical exhaustion.
Survival Analysis

The Kaplan-Meier curves for the cumulative survival are presented in Figure 1 and Figure 2.
ESRD participants with a peak VO> >10.1 ml-min-"'kg™! had a significantly greater survival
rate compared to those with a peak VO, <10.1 ml-min-"'kg™! (P<0.001, Figure 1). Similarly,
participants without myocardial ischaemia had a significantly greater survival rate than those
with myocardial ischaemia (P=0.03, Figure 2). The Cox regression proportional hazard
model analysis demonstrated that myocardial ischaemia (HR: 3.08; 95% CI 1.09-8.7; P=0.03)
and peak aerobic capacity (HR: 0.73; 95% CI 0.64-0.84; P=0.001) are independent predictors
of all-cause mortality at the 10-year follow up time. At 1 and 5-years of follow-up, the Cox
regression proportional hazard model analysis demonstrated that peak aerobic capacity (HR:
0.98; 95% CI1 0.98-0.99; P=0.013 and HR: 0.94; 95% CI 0.93-0.96; P=0.006, respectively)

was the only independent predictor of all-cause mortality.



Discussion

This study is the first to investigate the predictive utility of routinely assessed CPET with
exercise stress echocardiography on 10-year all-cause mortality in adults with ESRD. Both
peak VO, and myocardial ischaemia are independently associated with an increased risk of
all-cause long-term mortality in ESRD. These findings were observed independent of age,
CVD risk factors and prior coronary revascularisation. Previous studies using CPET in ESRD
did not also use stress echocardiography, which has multiple parameters that predict outcome
817 These novel results demonstrate the clinical utility of CPET combined with stress
echocardiography for the prediction of mortality risk in adults with ESRD. Some degree of
caution in the interpretation of these results is advised given the application of the

multivariable cox regression analysis in this sample size.

Cardiorespiratory fitness remains a leading prognostic marker in the heterogeneous general
population *° as well as various clinical sub-populations 3!, Indeed, the present analysis
demonstrated a 27% increased risk of all-cause mortality in those ESRD adults with a peak
VO <10.1 ml-kg™!min’'. These findings support that of previous work from Sietsema et al. *!
who found significantly lower survival rates in ESRD with a reduced peak VO, even with a
higher threshold of 17.5 ml-kg!-min!. Ting et al. !¢ also performed comparable work in
participants waitlisted for kidney transplantation, evidencing significant differences in peak
VO; between survivors and non-survivors, with the gas exchange threshold at percentage
predicted peak VO> demonstrating the greatest predictive ability as a measure of
cardiorespiratory fitness '°. Similarly, we also found a significantly lower gas exchange
threshold in those who died. While a degree of exercise limitation is highly prevalent and
generally expected in renal populations *3, the pathophysiological mechanisms driving
significant exercise intolerance in ESRD are not entirely understood. Inter-participant
variations in peak VO, are generally the result of complex changes in cardiovascular
function, metabolism, anaemia, pulmonary health and neurocirculatory control, which are all
influenced by comorbidities, general disease state and age; although it should be noted that
the predictive capacity of peak VO, in the present study was independent of age 3. Many
individuals with ESRD are also vulnerable to generalized skeletal muscle
dysfunction/sarcopenia and cachexia, which carry implications for oxygen extraction via
mitochondrial dysfunction and other skeletal muscle related metabolic processes 3>,

Ultimately, such systemic physiological decline inhibits oxygen transportation and/or

utilization, subsequently presenting as an impaired functional capacity **. Importantly, peak



O pulse and heart rate, which both centrally contribute to oxygen delivery and thus peak
VO,, were also significantly lower in the all-cause mortality group. These heart rate findings
are indicative of a blunted chronotropic response as is common in more advanced disease
states and is understood as a primary contributor to exercise intolerance in ESRD 37,
especially considering the prevalence of beta-blockade in this population. Future work should
consider the addition of other non-invasive physiological methods, such as impedance
cardiography, which may provide advanced mechanistic insight into the exercise intolerance

in these individuals.

LA size was also significantly smaller in survivors. Previous studies both in the general

3839 and in ESRD participants ***! have shown LA size to be a significant

population
predictor of adverse outcomes. As an easily, reliably, and reproducibly acquired measure
using standard 2-D echocardiography, routinely acquired LA size may provide further
prognostic information in ESRD participants. Separately, this study demonstrated
significantly greater anteroseptal wall thickness and borderline-significant inferolateral wall
thickness in those who died. The increase in LV wall thickness seen in ESRD is thought to
not only parallel the high prevalence of hypertension, but also act as a compensatory

adaptation to chronic pressure and volume overload !¢

, potentially via CKD-specific risk
factors that remain poorly categorized **. Given that hypertension was not significantly
different between groups in this cohort, this may have reduced the prevalence and thus the
statistical power of inferolateral LV wall thickness as a marker of mortality. Such LV
geometric changes are well-established as highly prevalent in ESRD with independent
associations to adverse long-term outcomes ****, Specifically, Suh et al. * reported stringent

linear correlations between relative wall thickness and all-cause mortality, which was

significant independent of the presence or absence of overall LVH.

Of interest, we also found myocardial ischaemia to be a significant predictor of all-cause
mortality. The importance of this finding lies within its predictive capacity independent of the
long-established prognostic value of peak VO,. As such, the finding of a more than 3-fold
increased risk in those with myocardial ischaemia, is clinically important. However, this
finding should be interpreted in the context of a wide confidence interval and thus more data
of a larger scale is warranted. ESRD is well-recognized as a major risk factor for ischaemic
heart disease, with such patients largely exposed to nontraditional uremia-related CAD risk
factors such as oxidative stress and calcium-phosphorus metabolism in addition to traditional

risk factors '°. While the findings of this work highlight the importance of CAD management



in adults with ESRD, the recent landmark ISCHEMIA-CKD trial of reported no significant
mortality, nonfatal MI or angina-related health status differences in 777 patients randomized
to invasive or conservative treatment of CAD in advanced CKD '3, Thus, while the findings
of the present study highlight the strong prognostic value of myocardial ischaemia in ESRD,
the evidence that a more aggressive treatment approach towards CAD will offset such
mortality risk in this population remains unfounded. Indeed, outcome data at 1 and 5 years
did not demonstrate a significant prognostic role of myocardial ischaemia, indicating that the
mean follow-up period of 2.2 years in the ISCHEMIA-CKD trial may not have been
sufficient to translate into changes in clinical outcomes '®. Oppositely, peak aerobic capacity
remains a statistically significant predictor of all-cause mortality at 1 and 5 years, suggesting

its superior prognostic value for earlier outcomes.
Limitations

This work is limited by a small sample size, which has implications for multivariate analysis.
Furthermore, participants were recruited from a single centre Dialysis Unit and therefore this
work may suffer from selection/inclusion bias. As such, future work should aim for multi-
centre designs performed in larger-scale study populations to confirm our findings. This
study also provides no information on participant transplant status and thus we are unable to
provide data on any parameters reflecting this. All participants performed a standardised
protocol of 15W increments with no familiarisation testing. Thus, this work may have
benefited from individualized work rates and a familiarisation CPET. Nonetheless, this study
demonstrated that a single CPET, which is routine practice, is of clinical importance. In
addition, this work may have benefited from the application of more novel predictive
measures such as myocardial strain and work. Finally, this work involved a male dominant
sample, which is not reflective of the ESRD prevalence across the sexes *° and thus future

female-focused research is needed.
Conclusion

This study demonstrates that obtainable and routinely assessed CPET and stress
echocardiographic information, particularly peak VO> and myocardial ischaemia, can be
utilized for the prediction of mortality risk in adults with ESRD. Such findings may have
clinical implications in the utilization of early clinical decision making and high-risk patient

management.
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Figure legends

Figure 1: Kaplan-Meier curve for the cumulative survival according to aerobic capacity.

Figure 2: Kaplan-Meier curve for the cumulative survival according to the presence and

absence of myocardial ischaemia.



Table 1. Characteristics of Patients According to Alive vs. All-Cause Mortality.

Characteristics Alive All-Cause Mortality P
(n=23) (n=19) Value
Demographics
Age, years 53+11 6514 0.004*
Men 22 (95.7) 15 (78.9) 1
History
Hypertension 10 (43.5) 9(47.4) 0.80
Diabetes mellitus 11 (47.8) 12 (63.2) 0.32
Hypercholesterolaemia 13 (56.5) 13 (68.4) 0.43
Family history of CVD 0(0) 1(5.3) 0.27
Prior myocardial infarction 2 (8.7) 420D 0.26
PCI 2 (8.7) 4(21) 0.26
CABG 3(13) 3(15.8) 0.80
Long term cardiac medication
ACEI 8 (34.8) 7 (36.8) 0.89
Angiotensin II receptor antagonist 11 (47.8) 10 (52.6) 0.76
Aspirin 16 (69.6) 9(47.4) 0.15
Beta Blockers 6 (26) 14 (73.7) 0.002*
Calcium antagonists 6 (26) 7 (36.8) 0.45
Diuretic 7 (30.4) 3 (15.8) 0.27
Lipid-lowering agents 17 (73.9) 15 (78.9) 0.70
Warfarin 1(4.3) 0(0) 0.36
Baseline Echocardiography Data
LA Size (cm) 3.6540.5 4.17+£0.7 0.011*
LVESD (cm) 3.21%1 3.04=+1 0.59
LVEDD (cm) 5.11+0.9 4.86+0.9 0.35
LVEF (%) 53.7£15 52.8+12 0.84
Anteroseptal Wall Thickness (cm) 1.06+0.2 1.28+0.4 0.024*
Inferolateral Wall Thickness (cm) 1.01+0.2 1.17+0.3 0.05
Mitral E 0.8+0.29 0.85+0.37 0.59
Mitral A 0.78+0.32 0.78+0.34 0.98
Mitral E/A 1.31£1.25 1.44+1.13 0.74
Mitral E Deceleration (ms) 213.8+59 222.3+67 0.67
Mitral E/Ea 4.78+2.1 5.32+1.5 0.36
Resting wall motion score index 1.174£0.26 1.01£0.16 0.20
Exercise Echocardiography Data
LVEF (%) 62.4+19 59.1£15.9 0.55
Mitral E 0.98+0.26 0.97+0.39 0.95
Mitral A 0.8+0.29 0.85+0.34 0.61
Mitral E/A 1.47+£0.93 1.34+0.77 0.65
Mitral E Deceleration (ms) 200.1+£57.9 192.1+60.4 0.66
Mitral E/Ea 5.57+2.5 5.58+1.7 0.98
Peak wall motion score index 1.22+0.3 1.26+0.23 0.63
Myocardial Ischaemia 8 (34.8) 13 (68.4) 0.03*
Cardiopulmonary Exercise Test Data
Baseline heart rate (b-min’') 87£16.8 78.6£14.5 0.09
Peak heart rate (b-min") 128.2+14.4 108.9+£12.5 <0.001*
Baseline sBP (mmHg) 131.2426.2 134+37.6 0.78

Peak sBP (mmHg) 157.6+£34.3 150.1£26.5 0.44




Baseline dBP (mmHg) 82.9+14.5 77.5£22 0.59
Peak dBP (mmHg) 81.7x14.5 74.6+14.1 0.12
Exercise Time (min) 9.96+2.8 5.78+1.7 <0.001*
Peak VO, (ml-min™!) 1251.1+£377 791.1+119 <0.001*
Peak VO, (ml-min’lkg™) 15.944.3 9.842.1 <0.001*
Peak VO (% of predicted) 53.8+12.6 42.7+18.7 0.03*
Gas Exchange Threshold (ml-min‘!) 810.3+£293 574+155.6 0.003*
Gas Exchange Threshold (ml-min"-kg™) 10.1£2.6 7.1£2.3 <0.001*
Peak O, Pulse (ml-beat™!) 10.5£2.9 8.1+2.1 0.003*
Minute Ventilation (L-min™) 44+11.9 26.2+6.6 <0.001*
Ve/VCO; Slope 32.345.1 37+5.8 0.69
VO,/Work Rate Slope 9+0.6 7.4+1 <0.001*
Peak Respiratory Exchange Ratio 1.22+0.1 1.15+0.1 0.070
Peak Work Rate (Watts) 100.4+39.8 65.9£27.3 0.003

CVD, cardiovascular disease; PCI, percutaneous coronary intervention, CABG, coronary artery

bypass graft; ACEIL angiotensin converting enzyme inhibitor; LA, left atrium; LVESD, left
ventricular end-systolic diameter; LVEDD, left ventricular end-diastolic diameter; LVEF, left

ventricular ejection fraction; sBP, systolic blood pressure.



