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CPET in clinical practice , Recent advances, Current
challenges and future direction:
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» Investigation of unexplained dyspnoeaq.

» Evaluation of cardiovascular disease.

iratory disease.




What are the specific scenarios in which CPET has
advanced the provision of clinically relevant information in
the past decade ¢

INVESTIGATING OF ISCHEMIC HEART DISEASE
UNCOVER DYSFUNCTIONAL BREATHING AND/OR HYPERVENTILATION
RISK ASSESSMENT : PROGNOSIS IN CARDIOPULMONARY DISEASE 2

PRE-OPERATIVE ASSESSMENT



Why am | being asked to perform this teste

m determine a cause of unexplained shortness of breath
m ASSESS exercise capacity

m assess your risk for a planned surgical procedure In people who have known
heart or lung disease

m check fhe severity of respiratory disease (such as chronic obstructive lung
disease, pulmonary vascular disease, cystic fibrosis, and others)

of a limit in exercise is due to the heart or the lungs in
1d lung disease
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0 help guide what
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Pretest assessment( indication and




Muscle 0,& CO, Ventilation
Activity Delivery (V,+Vy=V,.)

Physiologicai | | Q co, Dilate t sv Recruit 1V,
Responses fo e f
Exercise: f Q o, T HR Vv,

FIGURE 1. Gas transport mechanisms coupling cellular (internal) respiration to pulmonary (external)
respiration. Circ = circulation; CO, = carbon dioxide; Consum = consumption; Creat = creatine; Lac =
lactate; HR = heart rate; Mito = mitochondria; PO, = phosphate; O,= oxygen; Periph = peripheral; Prod =
production; Pulm = pulmonary; Pyr = pyruvate; Qco, = carbon dioxide production; Qo, = oxygen utilization;
SV = stroke volume; V, = minute alveolar ventilation; V, = minute dead space ventilation; V, =
minute ventilation; V, = breathing frequency; V, = tidal volume; Vco, = carbon dioxide output; Vo, = oxygen
uptake. From Principles of Exercise Testing and Interpretation, 3rd ed,’” with permission from Lippincott
Williams & Wilkins.
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* Occlusion * Thromboemboli
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TABLE 1. INDICATIONS FOR CARDIOPULMONARY EXERCISE TESTING

Evaluation of exercise tolerance
= Determination of functional impairment or capacity (peak Vo,)
* Determination of exercise-limiting factors and pathophysiologic mechanisms
Evaluation of undlagnosed exercise Intolerance
* Assessing contribution of cardiac and pulmonary etiology in coexisting disease
« Symptoms disproportionate to resting pulmonary and cardiac tests
= Unexplained dyspnea when initial cardiopulmonary testing is nondiagnostic
Evaluation of patients with cardlovascular disease
= Functional evaluation and prognosis in patients with heart failure
= Selection for cardiac transplantation
* Exercise prescription and monitoring response to exercise training for cardiac rehabilitation
(specdial circumstances; i.e., pacemakers)
Evaluation of patients with respiratory disease
* Functional impairment assessment (see spedcific clinical applications)
e Chronic obstructive pulmonary disease
Establishing exercise limitation(s) and assessing other potential contributing factors, especially
occult heart disease (ischemia)
Determination of magnitude of hypoxemia and for O, prescription
When objective determination of therapeutic intervention is necessary and not adequately addressed
by standard pulmonary function testing
* Interstitial lung diseases

Detection of early (occult) gas exchange abnormalities
Ovwverall assessment/monitonng of pulmonary gas exchange
Determination of magnitude of hypoxemia and for O, prescription
Determination of potential exercise-limiting factors
Documentation of therapeutic response to potentially toxic therapy

e Pulmonary vascular disease (careful risk—benefit analysis required)

* Cystic fibrosis

* Exercise-induced bronchospasm

Specific clinical applications

* Preoperative evaluation
Lung resectional surgery
Elderly patients undergoing major abdominal surgery
Lung volume resectional surgery for emphysema (currently investigational)
= Exercise evaluation and prescription for pulmonary rehabilitation
e Evaluation for impairment—disability
e Evaluation for lung, heart—lung transplantation

Definition of abbreviation: Vo, = oxygen consumption.
Adapted by permission from Reference 27.




Table 3 American College of Cardiology/American Heart Association guidelines for
cardiopulmonary exercise testing

Class Indication

| (indicated) 1 Evaluation of exercise capacity and response to treatment in patients with heart failure
who are being considered for heart transplantation
2 Assistance in the differentiation of cardiac versus pulmonary limitations as a cause of

exercise-induced dyspnoea or impaired exercise capacity when the cause is uncertain

lla (good supportive Evaluation of exercise capacity when indicated for medical reasons in patients for whom
evidence) the esfimates of exercise capacity from exercise fest time or work rate are unreliable

lIb (weak supportive 1 Evaluation of the patient's response to specific therapeutic interventions in which
evidence) improvement of exercise tolerance is an important goal or end point
2 Defermination of the intensity for exercise training as part of comprehensive cardiac
rehabilitation

lll (not indicated)

Routine use to evaluate exercise capacify

Adapted from ATS/ACCP Statement on Cardiopulmonary Exercise Tesfing.




TABLE 8. ABSOLUTE AND RELATIVE CONTRAINDICATIONS FOR CARDIOPULMONARY

EXERCISE TESTING

Absolute

Relative

Acute myocardial infarction (3-5 days)

Unstable angina

Uncontrolled arrhythmias causing symptoms
or hemodynamic compromise

Syncope

Active endocarditis

Acute myocarditis or pencarditis

Symptomatic severe aortic stenosis

Uncontrolled heart failure

Acute pulmonary embolus or pulmonary infarction

Thrombosis of lower extremities

Suspected dissecting aneurysm

Uncontrolled asthma

Pulmonary edema

Room air desaturation at rest = 85%"*

Respiratory failure

Acute noncardiopulmonary disorder that may affect
exercise performance or be aggravated by exercise
(i.e. infection, renal failure, thyrotoxicosis)

Mental impairment leading to inability to cooperate

Left main coronary stenosis or its equivalent
Moderate stenotic valvular heart disease
Severe untreated arterial hypertension at rest
(= 200 mm Hg systolic, > 120 mm Hg diastolic)
Tachyarrhythmias or bradyarrhythmias
High-degree atrioventricular block
Hypertrophic cardiomyopathy
Significant pulmonary hypertension
Advanced or complicated pregnancy
Electrolyte abnormalities
Orthopedic impairment that compromises exercise performance

Adapted by permission from References 10, 43, and 295.
* Exercise patient with supplemental O,.




TABLE 7. OVERVIEW OF CARDIOPULMONARY
EXERCISE TESTING

Clinical Status Evaluation

Clinical diagnosis and reason(s) for CPET

Health questionnaire (cardiopulmonary); physical activity profile
Medical and occupational history and physical examination
PFTs, CXR, ECG, and other approprnate laboratory tests
Determination of indications and contraindications for CPET

|
Pretest Procedures

Abstain from smoking for at least 8 h before the test
Refrain from exercise on the day of the test
Medications as instructed
Consent form
|
Conduct of CPET

Laboratory procedures

Quality control

Equipment calibration
Protocol Selection

Incremental versus constant work rate; invasive versus noninvasive
Patient preparation

Familiarization

12-dead ECG, pulse oxametry, blood pressure

Arternial ine (if warranted)
Cardiopulmonary exercise testing

i
Interpretation of CPET Results

Data processing

Quality and consistency of results

Comparison of results with appropriate reference values
integrative approach to interpretation of CPET results
Preparation of CPET report

Definition of abbreviagtions: CPET = cardiopulmonary exercise testing; CXR =
chest X-ray; ECG = electrocardiogram; PFTs = pulmonary function tests.




» Refrain from exercise on the day of the test and be well rested.

a light meal or breakfast no less than 2 hours previously.

~N T




Attire: must wear suitable clothing for exercise and sneakers or walking
shoes.

Medications: Take all medications as the usual fimes. For diabetic

medications must check with patient’s doctors about holding after the test.

not eat or drink tree hours before the test.




Table 1 Recommended levels of PPE in relation to levels of infection risk

Level of risk Known infection Community prevalence Recommended PPE
Level 1 No known infection risk No pandemic Three-ply surgical mask, disposable
apron, surgical gloves
Level 2 Upper respiratory tract infection, lower  Pandemic with low community Face shield, three-ply surgical mask,
respiratory tract infection, influenza prevalence disposable apron, surgical gloves
Level 3 Tuberculosis, family Coronaviridae, Global pandemic with high FFP3 mask with face shield or
SARS, pandemic influenza community prevalence respirator hood, isolation gown,
surgical gloves

PPE, personal protective equipment.

Pritchard A, et al. BMJ Open Resp Res 2021;8:e001121. doi:10.1136/bmjresp-2021-001121 9




Table 2 Common sources of error in CPET testing

Source of error

Description

Impact on data

Patient

Test operator

Equipment

Failure to follow information
disclosed on patient information
leaflet

Poor effort/cooperation/motivation
to perform exercise test

Failure to give standardised
instruction and encouragement
during exercise

Failure to select correct load (watts)
in view of patient's activity level/
fitness

Lack awareness/guidance on the
use of well-defined end of test
criteria

Incorrect determination/
identification of the AT

Incorrect determination/
measurement of slopes
(AV_/AVCO,, OUES and AVO_/AWR)

Inaccurate output of power by
treadmill’ergometer

Mon-calibrated weighing scales
and stadiometer

Excessive condensation at the
point of gas analysis

Volume drift
Delayed response time and transit
time in gas exchange parameters

High/low sampling rates/delta tima/
data averaging of gas exchange
data

All patients should be given a patient
information leaflet and/or advice on what to
avoid prior to performing an exercise test.
Patients need to understand the reason why
the test is being performed. Failure to do so
may result in suboptimal effort.

Throughout the different phases of exercise,
there should be clear and standardised
instructions to patients.

Incremental workloads that result in exercise
duration of <8 or >12 min do not accurately
reflect asrobic status.

Exercise may be stopped too eary or too late

in what should be a symptom limited exercise

test.

There should be a clear definition of what AT is
and processes in place to promote discussion

and review agreement.

The determination of slopes based on linear

regression models require correct identification

of the start and end points.

Treadmill (speed/grade) and ergometer
(resistance) power outputs require yearly
servicing (more often if regulary moved).
Weighing scales and stadiometers require
regular servicing and calibration if there is a
suspicion of erroneous measurements.

Gas analysis should meet BTPS conditions,
particularly humidity/water vapour pressure.

Thermal or offset volume drift may occur as a
result of large fluctuations in temperature or
incormect calibration

Under certain testing conditions, there may be
delay from the point of sampling to the point of

gas analysis.
Data averaging below 30 or above 60 s will

affect validity of gas exchange measurements.

Various implications, specifically limiting
exercise tolerance and impairing gas
exchange data

Underestimation of all indices, including
workload, AT, VO, and VCO,.

Various implications, specifically lack of
consistency in data across different test
operators

Various implications, although more
commonly underestimation of gas
exchange indices

If exercise is stopped early (eg, pulse
rate), gas exchange indices can be
underestimated.

Inappropriate estimation of level of
fitness or degree of impairment in O,
delivery/use

Incorrect inferences from data (V_VGCO,
mismatch, cardiovascular impairment,
among others)

Various implications, particularly
overestimation or underestimation of gas
exchange indices

Incorrect estimation of predicted data
and consequent inaccurate inferences
from recorded data

Various implications, although more
commoenly underestimation of gas
exchange indices

Various implications, particularly
inaccurate ventilatory and gas exchange
indices

MNormally, underestimation of gas
exchange data due to dispersion of
expired gases

Either high fluctuations or excessive
attenuation in gas exchange data

AT, anaerobic threshold; BTPS, body temperature and pressure saturated; CPET, cardiopulmonary exercise testing; OUES, oxygen uptake efficiency
slope; VAVCO,, ventilatory equivalent for carbon dioxide production; AV/AVCO,, slope of the ventilatory response; AVO/AWR, slope of the
metabolic response.




HISTORY, PFTs, ECG

MAXIMAL INCREMENTAL EXERCISE
ON A CYCLE ERGOMETER

+

Famiiarization, Symptoms (Borg Scale)

+

CARDIOPULMONARY
MEASUREMENTS
3 min Resting
3 min Unloaded Cycling (optional)

10 min Incremental /! Ramp

Exercise (5 10 30 Wimin)

10 min Recowery
(3 min unloaded cycling)

ECG Monitoring

Figure 3. Flow chart of a maximal symptom-limited cardiopulmonary
incremental protocol on a cycle ergometer. ECC - electrocardiogram;
PFT — pulmonary function test.




ERS STATEMENT ON STANDARDISATION OF CARDIOPULMONARY EXERCISE TESTING IN CHRONIC LUNG DISEASES. RADTKE T, CROOK S, KALTSAKAS G, ET AL. ERS STATEMENT ON
STANDARDISATION OF CARDIOPULMONARY EXERCISE TESTING IN CHRONIC LUNG DISEASES. EUR RESPIR REV 2019; 28: 180101 [HTTPS://DOI.ORG/ 10.1183/16000617.0101-2018].

Resting phase

3 min [or more if required)
Familiarisation with procedure and equipment:
Recording of resting measurements during the last
minute or longer [until stable baseline is reached)

Unloaded phase

3 min [or less in severely impaired patients]
Unloaded or minimum load
Familiarisation with the ergometer and proper warm-up

Incremental phase

About 10 min (8-12 min]
Ramp or minute-by-minute increment
Standardised increment individually determined for each
patient and disease

Recovery phase

2-3 min
Unloaded pedaling
Safety monitoring
Prolonged recording of heart rhythm and/or gas exchange
during passive recovery, if indicated




LIKELIHOOD RISK :
Common — more than 5% of tests performed

Shortness of breath, musculoskeletal discomfort, mild angina




use of a cycle or treadmill ergometer

an incremental ramp increase in load




TABLE 2. EXERCISE EQUIPMENT: CYCLE ERGOMETRY

VERSUS TREADMILL
Cycle

Vo,max lower
Work rate measurement yes
Blood gas collection easier
Noise and artifacts less
Safety safer
Weight bearing in obese less
Degree of leg muscle training less
More appropriate for: patients

Treadmill

higher

no

more difficult

more

less safe?

more

more

active normal subjects

Definition of abbreviation: Vo, max = maximal oxygen uptake.

/




TABLE 10. MEASUREMENTS DURING CARDIOPULMONARY EXERCISE TESTING

Measurements Noninvasive Invasive (ABGs)

External work WR

Metabolic gas exchange Vo,, Vco,, RER, AT Lactate

Cardiovascular HR, ECG, BP, O, pulse

Ventilatory Ve Vr,fe

Pulmonary gas exchange SPo, VENCO,, VENO,, Perg,, P, Pa,, Sa,, P(a-2)0,, Vo/VT

Acid-base PH, Pa,,, standard HCO,
Symptoms Dyspnea, fatigue, chest pain

Definition of abbreviations: ABGs = Artenial blood gases; AT = anaerobic threshold; BP = blood pressure; ECG = electrocardiogram;
fr = respiratory frequency; HR = heart rate; P(a-a)O, = alveolar-arterial difference for oxygen pressure; Pa.;, = arterial carbon
dioxide pressure; Pa,, = arterial oxygen pressure; Pete,, = end-tidal Pco; Pet,,, = end-tidal Po,; RER = respiratory exchange ratio;
Sao, = arterial oxygen saturation; Spo, = arterial oxygen saturation as indicated by pulse oximetry; Vco; = carbon dioxide output;
Ve = minute ventilation; Vo/Vr = ratio of physiologic dead space to tidal volume; Vo, = oxygen uptake; Vr = tidal volume;
WR = work rate. Adapted by permission from Reference 28.




Ramp-incremental Exercise Test

GRADE (%)
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Indications for Exercise Termination :

Orthopedic impairment

Chest pain suggestive of ischemia
Ischemic ECG changes, specifically ST elevation (> 1mm) in leads without Q waves (other than V1 or aVR), ST or
QRS changes such as excessive ST displacement (horizontal or down sloping of > 2mm)or marked axis shifts
Complex ectopy

Second or‘thlrd degree heart block




ing of Perceived Exertion (RPE) scale

20 :Maximal exertion)




Slow recovery of the heart back to a normal rate once exercise
eqses can be an indicator of significant cardiac impairment
ardiorespiratory fitness.

inutes or so after a




CARDIOPULMONARY EXERCISE TESTING: A CONTEMPORARY AND VERSATILE CLINICAL TOOL.CLEVELAND CLINIC JOURNAL OF MEDICINE

VOLUME 84 « NUMBER 2 FEBRUARY 2017

suggested components of a cardiopulmonary
exercise testing report

History amnd clinical context

Rilevant medical historyg. specifics of exencise intolerance, prior exercise
test results, relevant studies (e echocardiographny, pulmonany function
tests, complete blood cell count), relevant medications. (ex), beta-bilodoers)

Resting data

Weight, body mass index, percent body fat, heart rate, blood pres-
sure, pulse oximwetry, scresning spirometry, bemoglobin, electrocardio-
grarm

Exercise protocol
Treadmill, opcle, or arm geormetry; rate of ramp inareasa; peak work-
load

Reason for test termination
Fatigue, symptoms, abnormal electrocardiographic findings

Subjective responses
Peak rating of perceived exertion
Specific sympiorms and comparison to index syrmploms

Validity of test
Peak respiratory exchange ratio = 1.1, rating of perceived exertion
=17

Oxygen responses

Peak Vo, relative to norms, Vo, per ideal weight, Vo, at ventilatory
threshold

cardiac responseas
Reflected in exercice and recovery heart rate, blood pressure,

O, -pulse, electrocandiogram

Specific pulmonary responses
Peak respiratory rate, ventilations; ventilatory reserse (VENWW, pulse
aximetry, blood gases

Markers of central cardiopulmonary inefficiency
VENOD, slope, end-tidal Poco, responses, exercise oscillatony breathing.

cogypen uptaks efficiency slope

Summary statement
The bottom line for referring provider: normal = abmormal; it abnormeal,
suggest differential diagnoses; CPET soore for heart failure (see Table 3)

Recommendations

To guide referring provider

Reassurance if mormal

Formal exercise program for fitness or weight loss

Suggest adjunctive tests if abnormal (eq formal spirometny right
heart catheterization, chest computed tomography, natriuretic
peptide measurement)

Beta-blocker modification or pacemalker if chronotropically incom-
petent

Vs



VO2

RER and AT




* The maximum oxygen uptake (VO2 max) is the most important
PET parameter.

02 max as the first place to start the



FIC&“%\\‘\E“




REFERENCE VALUES IN ADULTS

VO2max

e Normal values (35 vy)

— Rest: 61 x 0.04 = 0.240 litres O, per minute (3,5 mi/min/kg)

— « Normal » effort : 18 | x 0.17 = 3.060 |/min or 40 ml/min/kg
(75 kg)

— Athletes (cyclists): 301 x 0.19 = 5.700 |/min or 87 ml/min/kg
(65kg)

— ePO doped cyclists : 30l x 0.21 = 6.2 |/min or 95 mi/min/kg
e Decreases with age

® Increases with training (30-40%)
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70-yr-old  35-yr-old 50-yr-old 20-yr-old Competitive Olympic
60-kg 68-kg 70-kg man 85-kg man club runner  cross-
woman woman country skier

Fig. 5.2 Examples of VO ,max seen with different subjects on a cycle ergometer.

OXFORD RESPIRATORY MEDICINE LIBRARY
WILLIAM KINNEAR, JAMES H. HULL



VO, ml/min/kg

Controversial: Corrected for Ideal Body Weight?
Used prognostically for
Pulmonary surgical risk
Pulmonary rehabilitation planning
Cardiac failure & transplant evaluations

Prognostic value varies if patient is on beta
blockers or had resynchronization therapy

Achieving a normal predicted VO, at low
workload is pathognomonic of deconditioning
and/or obesity

Interpretation of cardiopulmonary exercise test , Zachary Q Moris . American college of chest physician



The RER (VCO2 /VO2 ) should be <1 in the early part of a CPET

and rises above 1.0 as exercise progresses past the AT (and will
ise after exercise stops).

J marker of effort




AT is thought to represent a point during CPET where anaerobic processes
increasingly supplement aerobic metabolism, with increasing production
of lactic acid.

ouffered by HCO3 - to produce more CO2 .
)S an individual’s predicted




ANaeropic resnolac

Aerobic Isocapneicg Metabolic
Respiration | Buffering 7 Cidosis

\7C02 | 2 sources of Co2 production:

1. Exercising Muscles
m/ 2. Buffering of H+ ions

from Lactate

LACTATE
HCO3-
pH

H* + HE@:= H5E0z — CO5+ H,0
PETCO2 SE2 27172

Exercise Time (min) ->->->->




1. On a plot of VCO2 and VO2 against fime, the VCO2 starts to increase
faster and crosses the VO2 line.

olotted against the VO2 , the slope changes to




Table 12.1 AT in different clinical states

AT (% predicted VO, max)
Trained athlete 61-80
Normal 51-60

Deconditioned/mild disease 40-50

Abnormal <40 //

OXFORD RESPIRATORY MEDICINE LIBRARY
WILLIAM KINNEAR, JAMES H. HULL



Systematically look for causes of a | AT. Start at the left ventricle and
follow circulatory system cIockwuse untll back at left ventricle.

Cardiac: myocardial,
S valvular, ischemic,
conduction

Parenchymal disease:
hypoxia

Pulmonary vascular g
disease & RV dysfunction

Circulatory: ischemic,
anemia

End organ disease: renal,
hepatic, etc.

Metabolic, myopathic,
neurologic diseases

Impaired venous return:
thrombotic, compression




CARDIOVASCULAR SYSTEM

Heart rate

Systemic Blood Pressure .
(a) Q Vmin) =5V0, +5

O2 pulse
—_— : : (b) Ca0,- CvO, (mi/dL)
ECG = 20V0,J(1+VO,)

AVo,
AWR




(FUNCTIONAL CAPACITY) METABOLIC ACTIVITY

Vco2

[ML/min]




(Minute ventilation) VE

(Breathing Reserve) BR

Ventilatory Equivalents for oxygen and Co,

( VE/VOZ - VE/VCOZ)

Spo2
Breathing pattern
Tidal flow_viume loop

Ventilatory Control

Modmed from Whipp BJ. Clinics in Chest Med. 15:173-182, 1884



GAS EXCHANGE:

Gas Exchange (In)efficiency

Whipp BJ. & Ward S.A. Unpublished
® Susan A. Ward




“Dynamic hyperinflation™

Advantaqge
ol AA ‘LA A A
Higher volume:

allowing hic

gher flow

FLOW RATE (UTERS/SEC)
O & N O N & 0O © O

max “forced” loop

max exercise

AIRWAYS DISEASE

End-expiratory lung vol




Ventilatory Mechanics: Healthy vs COPD

Older Male Mild COPD Severe COPD
Age =66 yrs Age =67 yrs Age = 65 yrs
12
10 A
8 o
6 o
p no EF reservelll
' - g
I &
2 4 : EELV \ / /
0 L\
I [}
u ,'
2 - \ !
\ !/ EELV
-4 \\ - .r!
-6 -

9 8 7 6 5 4 3 2 9 8 7 6 5 4 3 2 9 8 7 6 5 4 3 2
Volume (L) Volume (L) Volume (L)

Laveneziana P, et al. Appl. Physiol. Nutr. Metab. 2007




sually dlognosed when there is a 210% fall in FEV1 from the pre-test or
e 20 minutes following exercise.




Physiological markers of a maximal test include
the following:

» V

80% MAXIMAL HR (PRED
HEART RATE RESERVE (HRR) OF <15%
ACHIEVING AN RER 1.15

ACHIEVING MAXIMAL PREDICTED V E



Physiology staff report of early cessation/problems reported. Low ratings of perceived work
or breathlessness

Low VO2 max

High HRR (i.e. lots of HR left), but a normal chronotropic profile, i.e. if you plot a mark
pbetween the predicted HR max and the predicted VO2 max and then extrapolate this line,
ermine if the HR was ‘behaving’ in the right direction prior to exercise cessation




Table 2 Normal cardiopulmonary exercise testing
variables

Variables MNormal value

Peak oxygen content [PVo,) =>84% Predicted
Ventilatory anaerobic threshold [VAT) =40% PVos (40-80%)
Maximum heart rate (HRmax) =90% Age predicted
Heart rate reserve (HRR) <15 Beats/min

Blood pressure (BP) =220/90

O3 pulse (Voz/HR) =80%

Ventilatory reserve (VR) MVV—VEmax =11 litres or
VEmax/MVV x 100 <85%

Respiratory rate (RR) < &0 Breaths/min

Minute ventilation/carbon dioxide output

ratio (VE/Vco,) at VAT =34

MWV, maximal voluntary ventilation; VE, expired ventilation.

Adapted from ATS/ACCP Statement on Cardiopulmonary Exercise Testing.'




SELECTED REFERENCE EQUATIONS FOR MAXIMAL INCREMENTAL CPET :

20.4(Ht) - B.74{Age) — 268(Sex) - 1909

Fmﬁn

2&3{'\0‘0] -34

Fredicied weight (men) = 079 x Ht — 60.7. Predicted weight (women ) = 065 x Ht — 42 8 When actual weight
> predicied. The predicted weight showd De used In the Hansen eguations.

Hiw height 0 O WE = weight D kg AQe = age In years; Sex. male = 0, female = 1; VC = measured ity
capacity in L. SEE = standard ertor o estmate




PLOT GRAPH EXAMPLES (NORMAL RESPONSES TO
EXERCISE) :

A Oxygen uptake (VIO,) varsus work rate (W)
B. Heart rane (HR) and O, pulse versus VO,

C. Indirect GetSnMMINSton of the aNasrolic threshoid (AT) using Te Mmodned V siope meathod, In
which carbon dioxide proguction (VCO,; ) Is plotiad versus VO,

D. Minute ventilation (V) VEersus carbon dioadde output (VCO,)

E. Tidal volume (V) and respiratory reguency (T.) versus VO,

F. Venziatory equivalent for O, (Ve/VO, ). ventiiatory equivalent for CO; (Ve/VCO,;) versus VO,

G. Minute vernianon (V) versus VO,

H. Pulse coametry (SpO,) versus VO,

1. Eng-2aal pressure 1or O, (P O;) and end-iical pressure Tor CO, (P CO,) versus VO,




A—Accuracy. Do you believe the accuracy of the datae Was it precise, valid,
and with relevant predicted values?

B—Best effort. Did the patient try their best/put in maximum effort or was the test
sub-maximale

C—Capacity. Was exercise capacity impaired, i.e. was the VO2 max low when
compared with predicted indices (usually taken as 80%)

ited the test. Broadly speaking, was it a cardiac or @




Was the test conducted on bicycle or treadmille ( 10% more VO2 on

treadmill)

ich protocole Graded, Constant work rate, stages?

N\ O - -




Is the tfest maximal in ferms of effort?
. What is the VO2peak in panel 32

Is the VO2ework relationship normal?

Can | determine AT in this tfeste

) ~ A 2




1.Determine the reason for cardiopulmonary exercise testing

2. Review pertinent medical history and laboratory information
Note overall test quality, assessment of patient effort and reasons for test termination
aphical presentation of the data
=shold and VO2peak values

naerobic




Table 6  American Thoracic Society/American College of Chest Physicians: usual cardiopulmonary exercise response patterns

Pulmonary vascular
Measurement Heart failure ~ COPD ID disease Obesity Deconditioned
Vo, | | | | | foractual Nfor |
idecl weight
VAT | N/ | /indeterminaste  Nor | | N Nor |
Peak HR Variable, Nin |, N in mild | N /slightly | N /slightly | N /slightly |
mild

0, Pukse | Nor | Nor | | N |

VE/MW x 100 Nor | 1 Nort N Nor 1 N

VE/Vco; at VAT 1 t 1 1 N N

VD/VAT 1 t 1 1 N N

Pao; N Variable | | N/may 1 N

P[A-d)o; Usually N Variable, usually 1 1 1 May | N

COPD, chronic obstructive pulmonary disease; HR, heart rate; LD, interstitial lung disease; MVV, maximum voluntary ventilation; N, normal; P|[A-g)o,, alveolar-arterial
difference for oxygen pressure; PVO,, peak oxygen uptake; VAT, ventilatory anaerobic threshold; VD/VAT, ratio of physiological dead space fo tidal volume; VE, minute
ventilafion; Vco,, carbon dioxide output

Adapted from ATS/ACCP Statement on Cardiopulmonary Exercise Tesfing.




What cardiopulmonary exercise test patterns
suggest

Nonspecific: suggest significant cardiopulmonary
or metabolic impairment of any sort

Peak Vo, < 80% of predicted

VE/VCO, slope > 34

Ventilatory (anaerobic) threshold < 40% of peak Vo,

Deconditioning

Low-normal peak Vo,

Low ventilatory (anaerobic) threshold
Absence of any other abnormal responses

Obesity

Increased Vo,/work slope

Indexed peak Vo, (mLfkg/min) less than predicted

Absolute Vo, (L/min) normal or greater than predicted

Oxygen indexed to lean body mass normal or greater than predicted

Cardiac limitations

Oxygen pulse (0,-pulse) < 80% predicted or flattened or falling curve
Chronotropic incompetence

Heart rate recovery < 12 beats per minute after 1 minute of recovery
Standard electrocardiographic criteria for ischemia

Pulmonary limitations

Peak exercise respiratory rate > 50 per minute
Ventilatory reserve (peak VE/MwV) < 15%

Oxygen desaturation by pulse oximetry
Abnormal results on pretest screening spirometry
Abnormal exercise flow-volume loops

Muscular disease

Submaximal cardiac and respiratory responses
Ventilatory (anaerobic) threshold < 40% of peak Vo,
Elevated lactate at any given level of submaximal work

V4



Some training parameters can be derived from the CPET results.
pecifically, HR zones can be constructed and advice given around
on the AT and RCP.
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THANKS FOR YOUR ATTENTION
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