August 18, 2004


Cardiopulmonary Exercise Testing - Part III

Case Studies
Normal Exercise Test


[image: image1.png]62-year-old male; white; helght, 175 cm; welght, 84 kg; ideal weigh, 78 kg
Clinical Dx: Exertional dyspnea

Medications: None

Reason for testing: Shortness of breath on exertion

Resting Pulmonary Function Tests

Variable Actual o6 Pred Variable Actual 9% pred
FuC, L 450 9 e L 652 103
Fe, L 310 88 RY,L 254 1090
FEV/VC, % 6 Digo, mifmin per mm Hg 263 91
MW, Umin 124

Cardiopulmonary Exercise Test

Protocol: Maximal, symptom limited, incremental cycl ergometry, 30 W/min
Pe, 722 mim Hg; Pl 142 mm Hg

Variable Peak %% Pred Variable Rest Peak
Work rate, W 170 109 S0y %

Vou, Limin 21 £ Spoy % 95 %
Vou, mifkg per min 256 o1 Pa, mm Hg

AT, Umin 105 N (= 086) Pac,, mm Hg

AVoJAWR, mi/min/W 103 NGB6 pH

HR, beats/min 166 98 HCO,", meq/L

0, pulse, mibeat 126 100 PG-2)0, mm Hg

B, mm Hg 17619 Vorvr

Ve Limin %07 7 Lactate, meq/L

i, breaths/min ) N

VelVcos, at AT 34 N

RER 121 Stop: Dyspnea, 7/10; leg fatigue, 5/10





Key points:

Excellent effort evidenced by achieving VO2max, and RER 1.21.

Ventilatory reserve is normal.

VE/VCO2 slope is at the top limit of normal.

O2 desaturation not present.

Heart rate reserve normal and O2 pulse plateaued normally.

AT (anaerobic threshold) is normal.

Normal Exercise Test
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           [image: image3.png]‘Graphic representation of the maximal, incremental, cardiopulmonary exercise response of a healthy aged person. These graphic data




[image: image4.png]are averaged over an interval of 1 minute. The results (symbols) are compared with calculated reference values obtained from several sources
(dashed lines). (4) Oxygen uptake (Vo,) versus work rate; (8) heart fate (HR) and O, pulse versus Vo; (C) indirect determination of the anaerobic
threshold (AT), using the modified V-slope method, in which carbon dioxide production (Vo) is plotted versus Voz; (D) minute ventiation (Ve)
versus carbon dioxide output (Vcoy); (£) tidal volume (V) and respiratory frequency (f) versus Voy; (F) ventilatory equivalent for O (Ve/Voy),
ventilatory equivalent for CO, (VeVCoy) versus Vo, (G) minute ventilation (Ve) versus Vos; (H) pulse oximetry (Sps,) versus Vo; (1) endhtidal
pressure for O; (PETo,) and end-tidal pressure for CO; (PETco,) versus Vo,. Graphs £ and fare also used for the determination of the AT using the




[image: image5.png]ventilatory equivalents method. |




Dilated Cardiomyopathy

[image: image6.png]49.year-old female; white; helght, 163 cm; weight, 52.6 kg; deal welght, 63.1 kg
Clinical Dx: Severe diated cardiomyopathy

Medications: Carvedilol, lisinopri, Lasis, KCI, Coumadin, Paxi, cerivastatin, Premarin, Pepcid
Reason for esting: Evaluation for heart transplantation.

Resting Pulmonary Function Tests

Variable Actual % pred Variable Actual %% Pred
FvC L 344 % Tc L 508 100
Fev, L 239 85 RV L 161 102
FEVI/RVC, % 70 Dics, mijmin per mm Hg 105 46
MW, Umin 129 128

Cardiopulmonary Exerclse Test
Protocol: Maximal, symptom imited, incremental cycle ergometry, 20 Wimin
Pa, 656 mm H; P 128 mm Hg
Variable Peak % pred Variable Rt =
Work rate, W 80 5 Sy % % 95
Vou, Limin 083 0 Spoy % 95 85
Vou, mifkg per min 158 &0 Pac, rom Hg 7 8
AT, Umin 060 L(=076) Pacs, mm Hg 35 30
AVoJAWR, mi/min/W 51 LG86) pH 7451 7346
HR, beats/min 166 9 HCO,, mEq/L 2 W7
. pulse, mifbeat 50 64 P=2)0x mm Hg 3 20
B, mm Hg 174787 Vo 043 033
Ve Umin 47 36 Lactate, meq/L 07 75
i, breaths/min 37 N
VelVoy, at AT 37 H
RER 128 Stop: Dyspnea, 3/10; leg fatigue, 4-5/10





Key points:

Maximum effort evidenced by peak HR of 94%, RER of 1.28, plateauing of VO2max.

Early plateauing of O2 pulse.

No HR reserve with reduced VO2max.

Early onset of metabolic acidosis (low AT by V-slope and ventilatory equivalents).

Increased VE/VCO2 slope - from early metabolic acidosis, inefficient ventilation, increased VD/VT, pulmonary HTN, increased mechanoreceptor impulses, increased central drive.

Good ventilatory reserve.

VD/VT still abnormal at maximum heart rate response.

PaO2 increased while oximetry saturation fell (unreliable).

PaO2 and P(A-a)O2 response are good.

Deconditioning and skeletal muscle dysfunction could be contributing.

VO2max > 50% indicates transplant not indicated.

Used VO2max rather than corrected for weight (VO2max/kg) due to patient’s low weight.

Dilated Cardiomyopathy
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         [image: image8.png]Graphic representation of the maximal, incremental, cardiopulmonary exercise response of a patient with cardiomyopathy. These




[image: image9.png]graphic data are averaged over an Interval of 30 seconds. The resulls (symbols) are compared with caiculated reference vaiues obtained from
several sources (dashed lines). (A) Oxygen uptake (Vo) versus work rate; (8) heart rate (HR) and O, pulse versus Vo; (C) indirect determination
of the anaerobic threshold (AT), using the modified V-slope method, in which carbon dioxide production (Vo) is plotted versus Voy; (D) minute
ventiation (Ve) versus carbon dioxide output (Vcoy); (E) tidal volume (vr) and respiratory frequency (f) versus Vo (F) ventilatory equivalent for
0, (Ve/Voy), ventlatory equivalent for CO, (Ve/Vco,), end-tidal pressure for O, (PEo,), and end-tidal pressure for CO, (PeTes,) versus Vo Graph
F s also used for the determination of the AT, using the ventilatory equivalents method. (G) Alveolar O, pressure (Pas,), arterial O, tension (Pas,),
alveolar-arterial O, pressure difference [P(+-a)O,], and arterial O, saturation (Sag,) versus Vo (H) physiologic dead space-to-tidal volume ratio




[image: image10.png](Vo/VT) and arterial CO; tension (Paco,) versus Vo,; (/) determination of the AT using the plot of arterial lactate versus Vo,. |




COPD

[image: image11.png]6 year-old male; white; height, 175 cm; weight, 61 kg ideal weight,: 77.5 kg

Clinical Dx: Severe COPD.

Medications: pratroprium bromide, bucesonide, salmeteral as-needed Provent, Tagamet
Reason for testing: Evaluation of functional capacity and worsening of dyspnea

Resting Pulmonary Function Tests

Variable Actual % pred Variable Actual %% Pred
FvC L 244 55 Tc L 9.5 139
Fev, L 088 2 RV L 701 303
FEVI/RVC, % 36 Dics, mijmin per mm Hg 165 B
MW, Umin )

Cardiopulmonary Exerclse Test
Protocol: Maximal, symptom imited, incremental cycle ergometry, 10 Wimin
Pa, 656 mm Hg, Pl 128 mm Hg
Variable Peak % pred Variable Rt =
Work rate, W 70 65 Sy % 2 8
Vou, Limin 106 66 Spoy % % 85
Vou, mifkg per min 174 66 Pac, rom Hg & 55
AT, Umin 075 N (> 064) Pacs, mm Hg Y 46
AVoJAWR, mi/min/W 93 NG 86) pH 7413 7.279
HR, beats/min 141 84 HCO,, mEq/L 24 2
. pulse, mifbeat 75 7 P=2)0x mm Hg 20 27
B, mm Hg 166172 Vo 045 0.42
Ve Umin 46 121 Lactate, meq/L 14 69
i, breaths/min 36 N
VelVoy, at AT a4 H
RER 103 Stop: Dyspnea, 10110





Key points:

Good effort was evidenced by no ventilatory reserve (VE/MVV), and total exhaustion.

VE /VCO2 increased throughout exercise.

Arterial desaturation with decrease in PaO2 – in response to alveolar hypoventilation and V/Q mismatching (PaCO2 rising along with the A-a gradient).

VT was limited probably due to dynamic hyperinflation. VE rise due more to increased respiratory frequency.

VD/VT unchanged – could be due to increased dead space ventilation, inability to increase ventilation in response to metabolic acidosis, respiratory muscle weakness exacerbated by hypoxia.

Normal, though borderline AT.

Heart rate response somewhat increased for level of O2 consumption.

Low peak heart rate and O2 pulse are consistent with ventilatory limitation.

COPD
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        [image: image13.png]Graphic representation of the maximal, incremental, cardiopulmonary exercise response of a patient with COPD. These graphic data




[image: image14.png]are averaged over an Interval of 1 minute. The results (symbols) are compared with calculated reference values obtained from several sources
(dashed lnes). (4) Oxygen uptake (Vo) versus work rate; (8) heart rate (HR) and O pulse versus Vo (C) indirect determination of the anaerobic
threshold (AT), using the modified V-slope method, in which carbon dioxide production (Vo) is plotted versus Vo (D) minute ventiation (Ve)
versus carbon dioxide output (Vcoy); (£) tidal volume (v) and respiratory frequency (f) versus Voy; (F) ventilatory equivalent for O, (Ve/Voy),
ventilatory equivalent for CO, (Ve/Vco), end-tidal pressure for O, (Pers,), and end-tidal pressure for CO; (Perco,) versus Vo,. Graph F is also used
for the determination of the AT, using the ventilatory equivalents method. () Alveolar O pressure (Pas,), rterlal O, tension (Pao,), alveolar-arterial
0, pressure difference [P(+-2)O,], and arterial O, saturation (Saq,) versus Voy; (H) physiologic dead space-to-tidal volume ratio (Vo/Vr) and arterial




[image: image15.png]CO, tension (Paco,) versus Voy; (1) determination of the AT, using the plot of arterial lactate versus Vo,.




Pulmonary Fibrosis

[image: image16.png]72 year-old male; white; helght, 170 cm; weight, 80 kg; ideal weight, 74 kg

Clinical Dx: diopathic pulmanary fibrosis

Medications: None

Reason for testing: IPF: asessment of exercise tolerance, evaluate desaturation

Resting Pulmonary Function Tests

Variable Actual o6 Pred Variable Actual 9% pred
FuC, L 234 &0 e L 378 66
Fev, L 170 65 RY,L 1.60 67
FEVIFVC, % 72 Dico, mU/min per mm Hg 122 a3
MW, Umin &1

Cardiopulmonary Exercise Test
Protocol: Maximal, symptom limited, Incremental ycle ergometry, 15 Wimin
Pe, 722 mm Hg; P, 142 mm Hg
Variable Peak o6 Pred Variable Rest Peak
Work rate, W 95 2 S20, % % 50
Vo, Umin 119 & Pac, mm Hg 72 a9
Vo, milkg per min 149 &2 Pace,, mm Hg 42 a2
AT, Lmin 050 (=070) pH 7.39 731
HR, beats/min 132 81 P(-2)0, mm Hg 2 a7
0, pulse, mi/beat 5.0 8 Vove 040 040
8P, mm Hg 172/86
Ve, Lmin 57 3
s, breaths/min 42 N
VeNcoy, at AT 49 H
RER 104 Stop: Dyspnea, 6/10; leg fatigue, 5/10





Key points:

Good effort evidenced by achieving near physiologic ventilatory limits with marked dyspnea and leg fatigue.

Moderate reduction in VO2max.

Abnormal slope of VE/VCO2 throughout exercise – due to increased VD/VT and V/Q mismatching.

VT limited due to mechanical factors and compensated for by increased ventilatory rate.

PaCO2 does not change.

PaO2 decreases with hypoxemia.

O2 pulse never plateaus.

Normal slope of HR/VO2 relationship, though shifted left.

Significant heart rate reserve.

AT is normal.

Cardiovascular limitation was not present.

Pulmonary Fibrosis
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        [image: image18.png]Graphic representation of the maximal, incremental, cardiopulmonary exercise response of a patient with interstitial lung disease. These




[image: image19.png]graphic data are averaged over an Interval of 1 minute. The resuits (symbols) are compared with calculated reference values obtained from several
sources (dashed lines). () Oxygen uptake (Vo) versus work rate; (8) heart rate (HR) and O, pulse versus Voy; (C) indirect determination of the
anaerobic threshold (AT), using the modified V-slope method, in which carbon dioxide production (Vco,) is plotted versus Voy; (D) minute
ventilation (Ve) versus carbon dioxide output (Vcoy); (£) tidal volume (V) and respiratory frequency (f) versus Vox; (F) ventilatory equivalent for
O (VeNNay), ventilatory equivalent for CO, (VE/Vcoy) versus Vo, Graph Fls also used for the determination of the AT, using the ventilatory equivalents
method. (G) Alveolar O, pressre (Pas), arterial O, tension (Pao,), alveolar-arterial O pressure difference [P(+-2)04], and arteral O, saturation
(Sao,) versus Vo ; (H) physiologic dead space-to-tidal volume ratio (Vo/Vr) and arterial CO; tension (Pags,) versus Voy. (/) End-tidal pressure for




[image: image20.png]O, (PeTe.), and end-tidal pressure for CO; (PeTco,) versus Vo,.




Pulmonary Vascular Disease

[image: image21.png]22-year-old male; black; height, 185 cmy; weight, 77 kg; ideal weigh, 85 kg
Clinical Dx: status post empyema and decortcation, deep venous thrombos's, pulmenary embolism
Medications: Warfarin

Reason for testing: Dyspnea on exertion disproportionate to PFTs

Resting Pulmonary Function Tests

Variable Actual 9% pred Variable Actual 9% pred
FuC, L 365 72 e L 506 78
Fe, L 341 81 RV, L 141 103
FEV/VC, % % DLo, mU/min per mm Hg 309 74
MW, Umin 156

Cardiopulmonary Exercise Test

Protocol: Maximal, symptom limited, Incremental ycle ergomery, 15 Wimin
Pe, 656 mm Hg; P, 128 mm Hg

Varble Peak 96 pred Varable Rest peak
Work ate, W 150 36 520, % 51 5
Vo, Umin 196 o Pa,, mm Hg & 58
Vo, mifkg per min 256 B acz, mm Hg 6 2

AT, Umin 105 L 130 pH 7393 7394
AVo/AWR, mimin\ 02 ) Hco,, meglL 2 17

HR, beats/min 176 50 P0)02, mm Hg 1 2

0. puse, mibeat 1 o Vo 032 035
86, mm Hg 174/86

Ve Limin 125 &0

1, breaths/min o H

ViVcos, at AT @ H

RER 126 Stop: Dyspnea, 10/10





Key points:

Maximal effort evidenced by achieving maximum heart rate, RER of 1.28, & diaphoresis.

This patient demonstrates the spectrum of cardiovascular and pulmonary abnormalities.

Achieved near maximal predicted HR with abnormal HR/VO2 slope.

Achieved near maximal VE with fR of 66 and blunting of VT response.

Early onset metabolic acidosis with low AT.

Moderately reduced VO2max with plateauing of VO2 and O2 pulse are consistent with a limitation of O2 delivery as a reason for exercise intolerance.

Increased VE/VCO2 due to increased dead space and V/Q mismatching due to reduced pulmonary perfusion.

VD/VT abnormal.

O2 desaturation with increased P(A-a)O2 gradient.

The abnormal ventilatory responses are due to multiple factors including early onset metabolic acidosis, pulmonary hypertension, proprioreceptor stimulus to breathing, pulmonary gas exchange abnormalities including hypoxemia, increased dead space ventilation, inefficient ventilation.

The heart is usually the most limiting factor in pulmonary vascular disease.

Pulmonary Vascular Disease
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       [image: image23.png]Graphic representation of the maximal, incremental, cardiopulmonary exercise response of a patient with pulmonary vascular disease.




[image: image24.png]These graphic data are averaged over an Interval of 1 minute. The results (symbols) are compared with calculated reference values obtained from
several sources (dashed lines). () Oxygen uptake (V0y) versus work rate; (8) heart rate (HR) and O, pulse versus Voy; (C) indirect determination
of the anaerobic threshold (AT), using the modified V-slope method, in which carbon dioxide production (Vcoy) s plotted versus Vo; (D) minute
ventilation (V&) versus carbon dioxide output (Vcoy); () tidal volume (V) and respiratory frequency (f) versus Voy; (F) ventilatory equivalent for
0, (Ve/Voy), ventilatory equivalent for CO, (V/VCoy) versus Vo, Graph F is also used for the determination of the AT, using the ventilatory
equivalents method. (G) Alveolar O, pressure (Pas,), arterial O, tension (Pao), alveolar-arterial O, pressure difference [P(x-2)0;], and arterial O
saturation (Sao,) versus Vo (H) physiologic dead space-to-tidal volume ratio (Vo/Vr) and arterial CO, tension (Paco,) versus Vo,. (1) End-tidal




[image: image25.png]pressure for O, (PeTy,), and end-tidal pressure for CO, (PeTco,) versus Vo,.
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