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American Thoracic Society/
American College of Chest Physicians

ATS/ACCP Statement on Cardiopulmonary
Exercise Testing

THis JOINT STATEMENT OF THE AMERICAN THORACIC SoCIETY (ATS) AND THE AMERICAN COLLEGE OF CHEST PHysIcIANS (ACCP)
wAS ADOPTED BY THE ATS BoARD oF DIReCTORS, MARCH 1, 2002 AND BY THE ACCP HEALTH ScCIENCE PoLicy COMMITTEE,
NoveMBER 1, 2001
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Oxygen Uptake (VO2)

The amount of O2 in liters that the body consumes per minute
Represents the internal metabolic work and is directly proportional to the external work rate
(in watts) applied through the cycle ergometer or treadmill.

O, requirement

b
O, deficit

[ =
o)
o
§ Steady-state
H 0, consumption
8
o Resting O,

consumption

Vo ,.
Start End End
exercise exercise recovery
Time

VO, = SV x HR x (1.34) x Hgb x (S,0, - S.0,)
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Maximal O2 uptake (VO2 max)
VOZ = SV x HR x (1.34) x Hgb x (S,0, - S.0,)

(m VO2max is the maximal volume of O2 that can be consumed during maximal )
aerobic exercise.

m VO2max is considered the best index of the maximum aerobic capacity of the
large muscle groups(maximum exercise capacity) and the gold standard for
\cardiorespiratory fitness. y

m In clinical testing situations, a clear plateau may not be achieved before
symptom limitation of exercise. Consequently, VO2peak is often used as an
estimate for VO2max.

m The main determinants of the predicted Vo2max are genetic factors and
quantity of exercising muscle. VO2max is also dependent on age, sex, and body
size, and it can be affected by training.

m Vo2 can increase from a resting1 value of about 3.5 ml/min/Kg (about 250 ml/
minute in an average individual) to values about 15 times the resting value (30—
50 ml/min/Kg). Athletes may attain values over 20 times their resting values
(up to 80 ml/min/Kg).
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Aerobic Metabolism Anaerobic Metabolism

Required None

net gain per glucose
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EXERCISE ZONES

AGE
20 25 30 35 40 45 50 55 65 70

BEATS PER MINUTE

Weight control (Fitness / Fat burn)

60% 120 117 114 1 108 105 102 99 93 920

Moderate activity (Maintenance / Warm up)

50% 100 98 95 93 90 88 85 83 78 75
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m Anaerobic threshold (AT)
m Lactate threshold
m Lactic acid threshold

m Gas exchange threshold

m Ventilatory threshold

AT is considered an estimator of the onset of
metabolic acidosis caused predominantly by the
increased rate of rise of arterial lactate during
exercise.

AT demarcates the upper limit of a range of exercise
intensities that can be accomplished almost entirely
aerobically.

AT is determined predominately by the CV system.

Whereas work rates below the AT can be sustained
essentially indefinitely, a progressive increase in work
rate above AT is associated with a progressive
decrease in exercise tolerance.

AT is helpful as an indicator of level of fitness, for

exercise prescription, and to monitor the effect of
physical training.

AT determination is age, modality & protocol specific.
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Respiratory Exchange Ratio (RER)

m The amount of CO2 the body UHE55h
produces for each liter (mole) of
O2 it consumes as measured by
the exhale air at the mouth: the
ratio of VCO2/VO2

0.70 100 0

0.75 83 17
m Conventionally, RER > 1.15 is 0.80 67 33
considered to define maximal ok 3 20
0.90 33 67
effort. 095 17 83
1.00 0 100
m Under steady state conditions,
the RER equals the Respiratory
Quotient, whose value is
determined by the fuels used = RER should not exceed 1.3 at
for metabolic processes. peak exercise. If so, it indicates a

gas-exchange abnormality.
m Note: RER greater than 1.0

could also be caused by CO2
derived from lactic acid or by
hyperventilation.
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Peripheral Pulmonary

+ circulation _ circulation
Epyoomipouetpia: SN y §VammaN Vo,
v :, \ Muscle d D Lungs =
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[ ] 02

» AuvatoTNTA TAVTOYPOVNG LEAETNC TNG ATTOO00TC TV TPIWV
KUPI®WV CUOTNUATWV TTOV EVOOWVOLV TNV AOKNOT):

Kapoioayyeliako — Avamvevotiko — Muiko
LECA ATTO KATAYPAPT) PLOAOYIK®V KA1 VITOKEIUEVIKWOV

TTAPAYOVIWV KATA TN OWUATIKIC O1APKEIA ACKNONC EAEYYXOUEVOV
Kot avéavouevov Baduov dvokoAlac.
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Baowkeg epwtnoeig tov amavta.

1. Eilvain wavotmnta yua (aepofia) adoknon
LEWWUEVT);

2. Ileplopigetar n KavoTnNTa AOKNONG A0
AVATIVEVOTIKOVG TTAPAYOVTEG (UNXAVIKT)
avarTvong/aviaiiayr agpiwv);

3. Ilepropiletal 1 IkAvOTTA ACKNOTC A0 TNV
LEWWUEVT) TTAPOXT) OELYOVOL OTNV TEPUPEPELQ;

4. Tlept én@etou 1 IKAVOTNTA A0KNONG 0TO
ete00 LeTaPOAIOUOV TV HVWV;

5.  Hwxavomrta aoknong eival UEwHEVT AOY®
KAKNG GuOKNG kataotaong (deconditioning) 1)
Hewwuevng mpoomadelac;

6.  YIAPYEL TPOWPT YOAAKTIKN 0EEWON?
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Evaluation of exercise tolerance
* Determination of functional impairment or capacity (peak Vo,)
* Determination of exercise-limiting factors and pathophysiologic mechanisms
Evaluation of undiagnosed 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 cardiovascular 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
(special circumstances; i.e., pacemakers)
Evaluation of patients with respiratory disease
* Functional impairment assessment (see specific clinical applications)
¢ 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
¢ |nterstitial lung diseases
Detection of early (occult) gas exchange abnormalities
Overall assessment/monitoring 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
¢ Pulmonary vascular disease (careful risk-benefit analysis required)
* Cystic fibrosis
* Exercise-induced bronchospasm
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Specific clinical applications
* Preoperative evaluation
Lung resectional surgery
Elderly patients undergoing major abdominal surgery
Lung volume resectional surgery for emphysema (currently investigational)
e Exercise evaluation and prescription for pulmonary rehabilitation
e Evaluation for impairment—disability
e Evaluation for lung, heart-lung transplantation
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Acute myocardial infarction (3-5 days)

Unstable angina

Uncontrolled arrhythmias causing symptoms
or hemodynamic compromise

Syncope

Active endocarditis

Acute myocarditis or pericarditis

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
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TABLE 2. EXERCISE EQUIPMENT: CYCLE ERGOMETRY
VERSUS TREADMILL

Cycle Treadmill
Vo,max lower higher
Work rate measurement yes no
Blood gas collection easier more difficult
Noise and artifacts less more
Safety safer less safe?
Weight bearing in obese less more
Degree of leg muscle training less more
More appropriate for: patients active normal subjects

Definition of abbreviation: Vo, max = maximal oxygen uptake.
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KvAiouevog Tammtag 1 KvkAoepyouetpo
1. 'Epyo aoxknong oe Watt

Avasmtvevotikd Monitoring
1. AvaAvtng agpiwv
. exmveouevo kat elomveopevo 02 kat CO2.
o, O&ouetpo
SpO2
3. Apmplakn ypappun
- SaOz2, PaO2, PaCOz2, pH, HCO3-, P(A—a)O2,Hb, yaAhaxTiko.
4. KAljpaka Borg
dvomvola
5. ZJPOUETPO

Vg, Vi, fr, xapmmdAn por)g-0ykov, e16IveuoTikn xopnukomTa,
SLUVAUIKT Ustsp&a'[aon

Kapdiayyeiakd Monitoring
1. HKT
o, Aptnpakr mieon
3. Kapdiaxkr) ovyvotta
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DEVICE/ANALYZER PRIMARY DERIVED
~ f, VT, VE VEe/Vco,

/ Flow
Cco

\ ™0, __E[

PEeTCO,, Vco,

- PeT0,, Vo,

VE/Vo,
R,AT
peak Vo,

O, puise

Sao,

Vo,/AWR
Ergometer Work Rate A L avo, . |
Work efficienc
\\ /V y
\\ Cuff Blood Pressure Double product
ECG Heart rate
\ PQRST complexes Pattern changes
| \ \ Oximeter Spo, \— Approximate Sao,
\ 2 P(A-a)0,
Arterial line Pao, P(a=et)co,, Vo/VT
or sample Paco,
Hb, COHb
pH, lactate
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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 appropriate laboratory tests
Determination of indications and contraindications for CPET

l

Pretest Procedures

Clinical Status Evaluation

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
l
Conduct of CPET

Laboratory procedures

Quality control

Equipment calibration
Protocol Selection

Incremental versus constant work rate; invasive versus noninvasive
Patient preparation

Familiarization

12-lead ECG, pulse oximetry, blood pressure

Arterial line (if warranted)
Cardiopulmonary exercise testing

l
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
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1. Maximal incremental cycle ergometry protocols
o 5to 25 W/min. increments
o Incremental (progressive)
o Ramp (continuous)
o Duration: 8-12 min

o.  Maximal incremental treadmill protocols.

o Manipulation of speed and/or elevation, eg., constant speed at 3.3 mph and
increasing elevation by 1% per min.

o Incremental (progressive)
o Ramp (continuous)

3. Constant work rate protocol.

o The same work rate (approximating the subject’s usual daily activities) e.g., up to
3.0 mph on a treadmill, or up to 50 W on a cycle ergometer

o Duration: 5-30 mins.
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Maximal symptom-limited cardiopulmonary incremental
cycle ergometry protocol

HISTORY, PFTs, ECG

|

MAXIMAL INCREMENTAL EXERCISE
ON A CYCLE ERGOMETER

!

Familiarization,Symptoms (Borg Scale)

}

CARDIOPULMONARY

MEASUREMENTS
3 min Resting

3 min Unloaded Cycling (optional)

10 min Incremental / Ramp

Exercise (5 to 30 W/min

at a fixed
speed

10 min Recovery
(3 min unloaded cycling),
ECG Monitoring
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1. The patient achieves predicted peak oxygen uptake and/or a
plateau is observed.

2.  Predicted maximal work rate is achieved.
3. Predicted maximal heart rate is achieved (HRmax= 220 - age).

4. There is evidence of ventilatory limitation, that is, peak exercise
ventilation approaches or exceeds maximal ventilatory capacity.

5. Although no one RER value defines maximal effort, values
greater than 1.15 are more likely to be associated with near
maximal or maximal effort.

6. Patient exhaustion/Borg Scale rating of 9—10 on a 0-to-10 scale.
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0-10 Borg Rating of

Perceived Exertion Scale

_

5 Hard
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Chest pain suggestive of ischemia

Ischemic ECG changes

Complex ectopy

Second or third degree heart block

Fall in systolic pressure > 20 mm Hg from the highest value during the test
Hypertension (> 250 mm Hg systolic; > 120 mm Hg diastolic)

Severe desaturation: Spy, < 80% when accompanied by symptoms and signs of severe hypoxemia
Sudden pallor

Loss of coordination

Mental confusion

Dizziness or faintness

Signs of respiratory failure



horror movie t iS




“Turn back! It's a trap!”
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TABLE 11. SUGGESTED GRAPHIC INTERRELATIONSHIPS OF
KEY CARDIOPULMONARY VARIABLES DURING EXERCISE

Ordinate (y axis) Abscissa (x axis)
Vo, Work rate

VE Vco, or Vo,
VT and fr Vo,

HR and O, pulse Vo,

VCOZ VOZ
VE/Vo, and Ve/Vco, Vo,

PeTo, and PEeTco, \;/oz

Pao,, P(a-a)0O,, and Sao, Yoz

Paco, and Vb/VT \{oz

[La”] or HCO;~ Vo,
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Aoxipaota Komwong, etvatl soAAQ teploooTepd..

Aoxipaoia KapSioavamvevoTikng KapdioAoykn Aokipaoia
Aoknong Konmwong
. Meletd v AvastvevotikT, + Meheta mv Kapduayyetaxn
KapSiayyeiakrn kat Muikn anavinon oty aoknon

AvInon oy aoknon. - Kataypagr) aptnplaxng mieong,

kapolakng ovvyotntag, HKT

- Kataypagn moAamAonv
Proguoioloyikmv Tapayovimy. «  Alayv®OTIKO UECO Y1a oTEPavVIaia
vO0oo, appuvBuieg kat AAAeG
« Amavta oe mAnbwpa TTAON0EIg TOV KAPS1ayYEIAKOU.

EPWTNUATWV OYETIKA UE TNV

KAVOTNTA Yia AoKNOT). « AEN peAetd v kavotnta

LEYI0TNG AOKNONG
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TABLE 16. INTEGRATIVE APPROACH TO THE INTERPRETATION OF CARDIOPULMONARY EXERCISE
TESTING RESULTS

Determine reason(s) for CPET

Review pertinent clinical and laboratory information (clinical status)

Note overall quality of test, assessment of subject effort, and reasons for exercise cessation
Identify key variables: initially Vo,, and then HR, VE, Sa,,, and other measurements subsequently
Use tabular and graphic presentation of the data

Pay attention to trending phenomena: submaximal through maximal responses

Compare exercise responses with appropriate reference values

Evaluate exercise limitation: physiologic versus nonphysiologic

Establish patterns of exercise responses

Consider what conditions/clinical entities may be associated with these patterns

. Correlate CPET results with clinical status

. Generate CPET report

WONONDWN =

— — —
N = O




" VO2—-Work Rate Relationship

The slope Vo2/WR reflects the efficiency of the metabolic conversion of chemical potential
energy to mechanical work and the mechanical efficiency of the musculoskeletal system.
Normally it is about 8.5—11 ml/min/watt and is independent of sex, age, or height.

Pulmonary Vascular Disease
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+ Heart Rate versus VO2:

The Normal Response; Aerobic Exercise

HR (Beats/ min)
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Heart Rate versus VO2

Normally we are exercise-limited by our heart, that is, we stop exercising
when we achieve our maximum HR. Achievement of age-predicted values

for maximal HR during exercise is often used as a reflection of maximal or
near maximal effort and presumably signals the achievement of VO2max.

[Predicted HRmax=220-age].

180 —

160 —

140 —

120 -

HR (Beats/min)

100

80 —

Predicted Maximum HR

Heart Rate Reserve (HRR) =
Pred. HR max—max. ach. HR

Normally < 15 beats/min; decreased in
cardiac disease; increased in lung &
muscle disease.

Predicted |
Maximum VO,

0.5 | 1.5 ' 2.5 ' 3.5 !



+ Heart Rate & O2 pulse versus VO2

The ratio of VO2 to HR is termed the “oxygen pulse” and reflects the amount of
O2 extracted by the skeletal muscle per heart beat and SV. It is considered a
noninvasive surrogate marker of SV. [Vo2/HR = SV x 1.34 x Hgb x C(a-v)O2].

Pulmonary Vascular Disease
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CO2 production versus VO2
The V-Slope method for identification of AT.

(L/min-STPD)

VCOZ
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m In normal sedentary individuals, the AT
occurs at ~ 50-60% VO2max pred. (range
35 to 80%).
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CO2 production versus VO2

The V-Slope method for identification of AT.
AT is determined predominately by the CV system.

Pulmonary Vascular Disease
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Arterial Lactate versus VO2

Invasive determination of AT

COPD
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Minute ventilation versus VO2:
The Normal Response; Aerobic Exercise.
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The Normal Response; Aerobic Exercise.

Minute Ventilation versus VO2: |I

Ventilatory reserve= Predicted — measured VE max
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= MVV - VE max = [FEV1 x 40] - VE max

- Unlike HR, the maximum RR (50/min)

is not reached normally at peak exercise
allowing for some reserve in VE
(~30—40% of the predicted VEmax).

- If VE max is achieved during exercise,

then the patient is generally exercise-
limited by ventilatory parameters, and
stops exercise because of dyspnea.

- Normally >11 L
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120 —

VE (L/min)

Minute Ventilation versus VO2:
The Normal Response.

Predicted MVV (equals calculated MVV in normal subjects)

1 Predicted VO, max

3.5
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Minute ventilation versus VCO2

Ventilatory reserve= Predicted — measured VE max

Pulmonary Vascular Disease
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" Tidal Volume &
Respiratory Frequency versus VO2

Pulmonary Vascular Disease
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V,/V,ratio & PaCO2 versus VO2

The dead space ventilation (in absolute terms) increases with exercise; however, the dead space—tidal volume
ratio (Vd/Vt) falls. There is a tendency for V,/V to increase slightly near peak exercise as fr increases and in
some cases V. falls. V,/V;=(PaCOz2 - PeCO2)/PaCO2 or, V,/V =(P;CO2 - PeCO2)/P;CO2 (noninvasive).

COPD Pulmonary Vascular Disease
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T Ventilatory equivalent for O2 (VE/VO2)* &
Ventilatory equivalent for CO2 (VE/VCO2)**

versus VO2.

Pulmonary Vascular Disease
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*the amount of VE at a given level of VO2 (WR)
** the amount of VE at a given level of VCO2



N Pa0O2, PAO2 & SpO2 versus VO2

PaCO2 normally remain stable until AT is reached, then it starts to decrease due to
the increased VE. In some ventilatory disorders, however, PaCO2 can increase due
to a relative hypoventilation.

Pulmonary Vascular Disease
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At rest, P(A—a)O2 is normally <10 mmHg and increases with exercise to >20 mmHg, as PAO2 normally

increases with exercise and PaO2 remains normal. However, any increase in P(A—a)Oz2 of >35 mmHg with
exercise is considered abnormal and indicates a gas-exchange abnormality.



T End-tidal pressure for O2 (PETO2) &
End-tidal pressure for CO2 (PETCO2) versus VO2

Pulmonary Vascular Disease
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Epyoomipouetpia:

DVO10AOYIKEC TIUEC

Vo,max or Vo,peak > 84% predicted

Anaerobic threshold > 40% Vo,max predicted; wide range of normal (40-80%)
Heart rate (HR) HRmax > 90% age predicted

Heart rate reserve (HRR) HRR < 15 beats/min

Blood pressure < 220/90

O, pulse (Vo,/HR) > 80%

Ventilatory reserve (VR) MWV — Vemax: > 11 L or Vemax/MW X 100: < 85%.
Wide normal range: 72 = 15%
Respiratory frequency (fr) < 60 breaths/min

Ve/Vco, (at AT) < 34
Vo/VT < 0.28; < 0.30 for age > 40 years
Pao, > 80 mm Hg

P(a-2)0; < 35 mm Hg
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Epyoormpouetpla:
Metpnon Eionvevotikng Xwpntikotntag (IC)
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H @uo10Aoy1k1) KAUITUAN pONC-OYKOU O€
VEAPO KAl NAIKIOUEVO ATOUO

Young adult age 30 years Older adult age 70 years

Max VO, = 42 mLtkgimin Max VO, = 43 mLikgimin

ViV =0.12 VoV, =028

10 - Pa0, =52 mm Hg Pa0, =84 mm Hg
EN PaC0, =34 mmHg PaCO, =34 mm Hg

' N " .-"._ V‘ = “ L‘mlﬂ VA L u Lmn

{ V, = 14 Limin V, =32 Limin

Flow {LI/s)

Volume (L) ) Volume (L)

Figure 6. Flow-volume responses to exercise in younger (left) and older
(right) adults. Subjects were matched for similar peak Vo, values. Key
differences in the ventilatory response to exercise: Young adult: (1) drop
in FRC, (2) encroachment equally on IRV and ERV, (3) little or no
expiratory flow limitation, (4) available inspiratory flow reserve, and
(5) significant volume reserve. Older adult: (1) drop in FRC followed
by an increase with flow limitation, (2) encroachment mostly on IRV,
(3) significant expiratory flow limitation, (4) minimal inspiratory flow
reserve, (5) little reserve to increase either flow or volume at peak
exercise. It should be noted that the young adults had average levels
of fitness, whereas the older adults studied were much fitter than pre-
dicted for age (Vo,max approximately twice the age-predicted value)
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H xaumoAn pong-oykov otn XAII

12 Moderate COPD
1 Age =70
Max V0, = 24 ml/kg/min
8t pk Ve = 64 L/min
4+ 3

St~ —.. .-
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3 2 1
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4t Ely ding EELV
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TLC
8+
12
VOLUME (L)

Figure 7. Patient with history of moderate COPD (forced expiratory
flow at 50% of VC = 35% of value predicted for age): EELV increases
from the onset of exercise and expiratory flow limitation is present over
more than 80% of the VT by peak exercise. Inspiratory flows approach
those available over the higher lung volumes. Little room exists to
increase ventilation (288). EELV = End-expiratory lung volume; EILV =
end-inspiratory lung volume; TLC = total lung capacity.
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H xaumdAn ponc-oykov oty ypovia
Kapowakn Avemapkela

Chronic Heart Failure

Age =65 yrs

Max VO, = 10.5 mi/kg/min
pk Vg = 60 L/min

low EILV/TLC

tidal flows meet MFVL

< over most of explration

low
rest & exercise EELV

Flow (Liters/Sec)
o

12

VOLUME (L)

Figure 8. Example of a patient with stable congestive heart failure (New
York Heart Association Class Ill). Shown are rest, mild, moderate, and
peak exercise tidal flow—volume loops plotted within the maximal flow—
volume loop. EELV is reduced at rest and remains near RV throughout
exercise despite significant expiratory flow limitation and apparent room
toincrease EELV to avoid the flow limitation (288). EELV = end-expiratory
lung volume; EILV = end-inspiratory lung volume; MFVL = maximal
flow-volume loop; TLC = total lung capacity.
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H xausmOAn porg-oykov otnyv
Awaueon ITvevuovomadeia
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8 / t_\ 8 'I.‘.
P ) ] ‘,‘
$ . T Y s
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1= 12
Volume (L)
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Figure 9. Maximal and extFVL in patients with ILD. Left: Patients who
stopped secondary to dyspnea. Right: Patients who stopped due to leg
fatigue. Minimal change was observed in EELV in either group, with
the group complaining of dyspnea demonstrated significant expiratory
flow limitation (modified from Marciniuk and coworkers [378]).
EELV = end-expiratory lung volume; ExtFVL = exercise tidal flow-volume
loop; ILD = interstitial lung disease.
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TABLE 18. USUAL CARDIOPULMONARY EXERCISE RESPONSE PATTERNS

Pulmonary
Measurement Heart Failure COPD ILD Vascular Disease Obesity Deconditioned
Vo,max or Vo,peak Decreased Decreased Decreased Decreased Decreased for actual, Decreased
normal for ideal weight
Anaerobic threshold Decreased Normal/decreased/ Normal or decreased Decreased Normal Normal or decreased
indeterminate
Peak HR Variable, usually normal Decreased, normal Decreased Normal/slightly  Normal/slightly Normal/slightly
in mild in mild decreased decreased decreased
O; pulse Decreased Normal or decreased Normal or decreased Decreased Normal Decreased
(Ve/MWV) X 100 Normal or decreased Increased Normal or increased Normal Normal or increased Normal
Ve/Nco;, (at AT) Increased Increased Increased Increased Normal Normal
Vo/Vt Increased Increased Increased Increased Normal Normal
Pao, Normal Variable Decreased Decreased Normal/may increase Normal
P(a-a)0; Usually normal Variable, usually increased Increased Increased May decrease Normal

Definition of abbreviations: AT = Anaerobic threshold; COPD = chronic obstructive pulmonary disease; HR = heart rate; ILD = interstitial lung disease; MVV = maximal
voluntary ventilation; P(a-a)O, = alveolar-arterial difference for oxygen pressure; Vo/Vr = ratio of physiologic dead space to tidal volume; Ve = minute ventilation;
Vco, = carbon dioxide output; Vo,max = maximal oxygen uptake; Vo,peak = peak oxygen uptake.

Adapted by permission from References 3, 49, and 72.

* Decreased, normal, and increased are with respect to the normal response.
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Normal Exercise Limitation

m In a normal individual, ventilation does not appear to be the limiting
factor, because at maximal exercise there is significant ventilatory reserve
with PaCOz2 decreasing, indicating that the bellows are capable of
removing CO2 efficiently

m Pulmonary gas exchange does not appear to limit exercise, because blood
SpO2 and content are kept near baseline values despite some widening of
the P(A—a)O2.

m The metabolic and contractile properties of the skeletal muscles are not the
limiting factors. There is good evidence that the muscles are capable of
utilizing whatever O2 is supplied to them (i.e., good metabolic reserve)

m Maximal exercise appears limited by O2 delivery (=cardiac output &
arterial O2 content); there is a linear relationship between O2 delivery and
VO2. As arterial O2 content is normally maintained even at peak exercise,
cardiac output is likely the limiting link.
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Exercise Limitation 1n

Cardiopulmonary Patients

m Exercise limitation in patients m In contrast to normal subjects,
with reduced VO2max is often in whom physiologic limitation
multifactorial and as such not to O2 transport may be evident,
limited by any single patients are often symptom
component of the O2 transport/ limited and may stop exercise
utilization process but rather by before reaching limits of
their collective quantitative metabolic or gas transport

interaction(s). capacity.



Exercise Limitation in
Cardiopulmonary Patients

Cardiovascular Limitation

Functional disturbances of the heart and/or
the pulmonary and systemic circulation,
and/ or the blood (e.g anemia, carboxyHDb).

Reduced O2 delivery to the exercising muscle
(HR, systolic & diastolic cardiac dysfunction,
imapaired peripheral circulation), abnormal
pulmonary vascular responses, skeletal muscle
dysfunction, deconditioning.

Respiratory Limitation
Ventilatory (mechanical) & gas exchange
factors.

Decreased ventilatory capacity (mostly due to
mechanical factors), abnormal gas exchange
(hypoxemia and increased V), respiratory and
peripheral muscle dysfunction, deconditioning,
cardiovascular abnormalities (cor pulmonale,
hemodynamic consequences of dynamic
hyperinflation.

Peripheral Limitation

Neuromuscular, microvascular, and
metabolically related abnormalities that
could impact tissue O2 conductance, O2
utilization, and mechanisms of contraction.

Abnormalities in skeletal muscle oxidative
capacity, O2 utilization, muscle metabolism




+ Meywotn Aokiuaoia Aoknong:
Xapaktnplotika acbevoug

Measured %Predicted
Age (yr) 62
Height (cm) 173
Weight (kg) /8
FEV; (L) 0.75
FVC (L) 1.67
FEV/FVC (%) 45

IC (L) 1.22
TLC (L) 8.30
MVV (L/min) 30

TLco (Ml/mmHg/min) 18.5
PaO, (mmHQg) /8.0
PaCO, (mmHgQg) 47.0
pH /.35




o .
Meyiotn Aokipaoia AoKnong:

Tumko mapaderyua aoBevoug

Time Work rate ~ VO2 VCO, HR VO2/ HR \=
min watts L/min L/min min ! ml/beat L/min

Rest 0.24 0.22 110 2.2 9.8
Rest 0.18 0.16 112 1.6 8.4
Rest 0.22 0.20 108 2.0 9.1
Unloaded 040 0.35 121 3.3 14.2
Unloaded 0.34 0.30 119 RS 13.1
Unloaded 0.44 0.39 117 3.8 15.3
1.0 0.42 0.38 121 3.5 14.8
2.0 0.48 0.42 124 KRS 16.3
3.0 0.64 0.56 128 5.0 18.6
4.0 0.72 0.64 130 5.5 211
5.0 0.77 0.72 136 5.7 23.9
6.0 0.86 0.81 135 6.4 25.6
7.0 0.94 0.91 138 6.8 29.0
8.0 0.96 1.02 124 6.9 32.1
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Meyiotn Aokipaoia Aoknongc:

Tumko mapaderyua aoBevoug

Time Workrate
min watts

Rest
Rest
Rest
Unloaded
Unloaded
Unloaded
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0




" Meyiotn Aokiuaoiag Aoknongc:

ITpo ka1 Meta O&vuyovovu

21% O, Predicted § 100% O3 isotime  100%0Opeak
Endurance time (min) 8 - 8 12
WR ok (Watt) ]0) 48 ]0) 120
VOyeak (L/Min) 0.96 45
HR ..« (beats/min) 140 88 165
O,pulse (ml/beat) 6.9 51 16
AVO,/AWR (ml/Watt) 8.3
AT (L/min) not reached
VE, ea (L/min) 32.1

VE/IMVV (%) 107
fb (breaths/min) 37
AIC from rest (L) -0.600

VD/VT 0.38
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Evyaplotw

| exercised once, but found | =
was allergic to it. My skin
flushed and my heart
raced. | got sweaty and
short of breath. Very
dangerous.




