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Decalogo para la prescripcion

1) Establecer el problema del paciente, no solo su patologia
2) Indagar sobre qué siente, y no solo fisicamente

3) Describir los hechos clinicos conocidos

4) Investigar los hechos clinicos desconocidos

5) Establecer si esta indicado el ejercicio en este caso

6) Resenar el beneficio que podria aportar el gjercicio

7) Determinar si el paciente presenta contraindicaciones

8) Determinar su estratificacion de riesgo

9) Delinear las evaluaciones de rendimiento fisico a realizar

10) Disenar el mejor entrenamiento, en funcion de lo anterior
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Rehabilitacion
No es solo subir una montafia, sino también escribir una poesia (Lucero, 2016)
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Objeti

La rehabilitacion cardiopulmonar debe buscar la salud de la
persona, a traves del método mas eficaz, para mejorar su
funcionalidad fisica, mental y emocional, sobre la base del

respeto de su autonomia y ritmo propio.
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iPodemos trabajar también en Alto Rendimiento?

% SOCIEDAD [

om | Sociedad

Angustia por un argentino que se infarto al
escalar en el Himalaya

Tiene 38 afos y habia llegado a los 7.000 metros. Esta internado en Nepal.
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Miércoles 21, Junio 2017

Politica v Opinion Dinero ¥ Mundo v Sociedad v

SOCIEDA=Y

S e
Ignacio y su perro Oro
hicieron cumbre en el

Tras dos infartos, un ACV, afos de entrenamiento y
recuperacion, el guia mendocino -junto a su fiel perro-
logré su cumbre 40: “No subi una montana, escribi una

M por Ulises Naranjo
3 de Marzo de 2016 A

A A A A
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=uend @ s LOS ANDES|139°

INICIO  OLTIMAS NOTICIAS SOCIEDAD POLITICA ECONOMIA OPINION DEPORTES POLICIALES TINTERO FUNEBRES CLASIFICADOS

SOCIEDAD / HISTORIAS DE VIDA

La aventura sin fin: hace 10 afios sufrié un
infarto en el Himalaya y viene de completar
un impactante itinerario

Nacho Lucero, el andinista que hace 10 aios sufrié un infarto masivo y un ACV en Nepal y sigue con sus interminables aventuras. Foto: Gentileza ignacio Lucero.
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(Como podriamos ayudar con ejercicio?

Paciente: 38 anos, 76 kg, IAM, ACV, 1 ano rehabilitacion
VO2max antes de rehabilitacion 30 mi*kg-1*min-1
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:Sobre qué intervenimos desde lo fisiologico?

Wasserman, K. Principles of Exercise
Testing and Interpretation 5" ed. 2012
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Contexto regional: Inversion en Ejercicio-Salud
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Resumen del contexto

e Las ECNT son la principal causa de muerte en el mundo (37% ECV)
* En paises como el nuestro las ECNT se llevan casi el 7% PBI
* Lainversion en ejercicio-prevencion es muy baja
* Los educadores fisicos pueden aportar Asistencia, Técnica, Docencia e
Investigacion
* Laley habilita, al menos en muchas provincias Argentinas, el desarrollo
profesional de los educadores fisicos, en ambitos
netamente sanitarios
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Competencias profesionales: ;en qué nivel nos paramos?

N
Inconsciente de mi
competencia
J
<
Consciente de mi
competencia
J
<
Consciente de mi
incompetencia
J
<
Inconsciente de mi
incompetencia
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¢En qué escenarios podriamos trabajar?

OSEP Maipu - Educacion Fisica

Enfermedades segun CIE-10 sobre 107 prestaciones en junio 2018
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¢{Qué podemos aportar en esos escenarios?
OSEP Maipu - Educacion Fisica OSEP Maipt - Educacion Fisica
Comparacion de edad, desde abril a junio de 2018 Comparacion de VO2max, desde abril a junio de 2018
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Escenario 1: jdonde y como podemos realizar la practica?

¢Coémo se siente?

6  Sin ningun cansancio
7 Extremadamente bien
8

9  Muy bien

10

11 Bien

12

13 Algo cansado

14

15 Cansado

16

17 Muy cansado

18

19 Extremadamente cansado
20 Maximo cansancio
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Escenario 2: jdonde y como podemos realizar la practica?

¢Como se siente?
6 Sin ningun cansancio
7 Extremadamente bien
8
9  Muy bien
11 Bien
13 Algo cansado

15 Cansado

17 Muy cansado

18

19 Extremadamente cansado
20 Maximo cansancio
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Escenario 3: jdonde y como podemos realizar la practica?
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Validacién de la escala de Borg en
personas con diabetes mellitus tipo 2

WALTER ROSALES'#, CRISTIAN COFRE?**,
ALEJANDRA CICCHITTI, CELINA BERTONA?,
ALEJANDRO VIZCAYAZ2 JOAQUIN GONZALEZ?,
JORGE BAJUK?¢, MARTIN RODRIGUEZ>

Validation of the Borg scale in participants
with type 2 diabetes mellitus

Background: Borg Rating of Perceived Exertion Scale (RPE) is a psychophy-
siological measurements that translates physical stimuli to a psychological

construct, which is perceived exertion. Its use is simple and it represents the
effort perception. Each number of the scale is associated with a heart rate or
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Diagndstico Médico General

Enf. Pulmonar

Enf. Cardiovascular

|

Diagndstico Terapeuta Especifico
(Decalogo para la prescripcion)

Contraindicaciones

I
Ent. Metabdlico

Intermitente

Ent. Cardiovascular Ent. Pulmonar
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Decalogo para la prescripcion

1) Establecer el problema del paciente, no solo su patologia
2) Indagar sobre qué siente, y no solo fisicamente

3) Describir los hechos clinicos conocidos

4) Investigar los hechos clinicos desconocidos

5) Establecer si esta indicado el ejercicio en este caso

6) Resenar el beneficio que podria aportar el gjercicio

7) Determinar si el paciente presenta contraindicaciones

8) Determinar su estratificacion de riesgo

9) Delinear las evaluaciones de rendimiento fisico a realizar

10) Disenar el mejor entrenamiento, en funcion de lo anterior
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Contraindicaciones para el ejercicio (AACVPR)

Se excluiran a pacientes cuya patologia sea: angina inestable, cambios
isquéemicos en el electrocardiograma (ECG) de reposo, presion arterial
sistolica de reposo > 200 mmHg o diastolica > 110 mmHg, salto de la
presion arterial ortostatica > 10 mmHg con sintomas, estenosis adrtica critica
(gradiente de presion sistolica pico > 50 mmHg con orificio de la valva
aortica < 0.75 cm2 adultos de tamano promedio), lesion sistémica aguda o
fiebre, arritmias auriculares o ventriculares incontroladas, taquicardia sinusal
incontrolada (> 120 lpm), insuficiencia cardiaca incontrolada, bloqueo
auriculoventricular (A-V) de 3er grado (sin marcapaso), pericarditis o
miocarditis activa, embolia reciente, tromboflebitis, diabetes incontrolada
(glucemia en reposo > 400 mg/dl), problemas ortopédicos severos que
puedan prohibir el ejercicio, otros problemas metabdlicos tales como
tiroiditis, hipo o hipercalemia, hipovolemia.
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Bajo Riesgo (AACVPR) Alto Riesgo (AACVPR)

-Ausencia de arritmias ventriculares complejas -Presencia de arritmias ventriculares complejas durante el
durante el test de ejercicio y durante la recuperacion.  test de ejercicio o durante la recuperacion.

-Ausencia de angina u otros sintomas significativos. -Presencia de angina u otros sintomas significativos a
-Presencia de una hemodinamica normal durante el bajos niveles de esfuerzo < 5 METs.

test de ejercicio y durante la recuperacion. (por -Altos niveles de isquemia silente (depresion del

ejemplo apropiado incremento y decrecimiento dela  segmento ST > 2 mm de la linea basal) durante el test de

frecuencia cardiaca y de la presion arterial con el
incremento de las cargas y durante la recuperacion,
respectivamente).

-Consumo de oxigeno > 7 METs.

-Fraccion de eyecciéon > 50%

-Infarto de miocardio o procedimiento de
revascularizacién no complicado.

-Ausencia de arritmias ventriculares complicadas
durante el reposo.

-Ausencia de insuficiencia cardiaca.

-Ausencia de signos o sintomas de isquemia post-
evento o post-procedimiento.

-Ausencia de depresion clinica.

Walter Rosales

Esp. Met. Inv. Cientifica
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gjercicio o durante la recuperacion.

-Presencia de respuesta hemodinamica anormal durante
el test de ejercicio (incompetencia cronotrdpica,
decrecimiento de la presion arterial sistolica con el
incremento de la carga) o durante la recuperacion
(hipotensidn severa post-ejercicio).

-Fraccion de eyeccion < 40%

-Historia de ataque cardiaco o muerte subita.

-Arritmias complejas en reposo.

-Procedimientos de revascularizacién o infarto de
miocardio complicado.

-Presencia de insuficiencia cardiaca.

-Presencia de signos y sintomas de isquemia post-evento
o post-procedimiento.

-Presencia de depresion clinica.
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Protocolos tradicionales

_

Alto AB Entrada en calor—Aerdbico—Fuerza en circuito largo—Vuelta a la calma
Moderado  ABC Entrada en calor—Aerdbico—Fuerza en circuito corto—Vuelta a la calma
Bajo ABCD Entrada en calor—Aerobico— Fuerza con cargas libres—V. calma

El protocolo A describe entrenamiento de flexibilidad y movilidad articular.

El protocolo B flexibilidad, movilidad articular, aerébico y fuerza, intensidad 40%

El protocolo C flexibilidad, movilidad articular, aerobico y fuerza, intensidad 60%

El protocolo D flexibilidad, movilidad articular, aerébico y fuerza, intensidad 80%

Contraindicaciones: las sugeridas por el American Association of Cardiovascular and Pulmonary Rehabilitation
Monitoreo: Alto Riesgo: ECG, PA, SpO2, Borg . Moderado Riesgo: ECG, PA, SpO2, Borg. Bajo Riesgo: FC, PA, Borg
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En funcion de la Ejercicio
evaluacion
podemos dirigir
el entrenamiento

Musculo
esquelético

é}ranslocacio% J'[Ajjmm \
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AS160 l
\ ';MPK
Miranda N., Tovar P., Armando R, P3BMAPK & J_ F— Glucogeno
Palacios B., Torres y Torres N. MCD ACC
La AMPK como un sensor de energia celular @M]HD il
y su funcion en el organismo. <—l[ManniI CoAl

Rev Invest Clin 2007; 59(6) : 458-469 \_ }0nidacion MIOCITO
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Wasserman, K. Principles of Exercise
Testing and Interpretation 5" ed. 2012
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A través de una prueba de esfuerzo

Practical ECG for Exercise Science and Sport Medicine.
Greg Whyte, Sanjay Sharma. 2010

Figure 2.13 Integrated cardiopulmonary stress testing using (a) a treadmiill, (b) cycle ergometry, (c) rowing ergometry, and
(d) a swimming flume.
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Ergometria habitualmente utilizada
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Ergometria habitualmente utilizada
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Respuesta observada en la ergometria
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Figure 1.4 Electrical, mechanical, and valvular events within the left ventricle during the cardiac cycle.

Figure 14.27, p. 433 from HUMAN PHYSIOLOGY, 2ND ED. BY Dee Unglaub Silverthorn. Copyright © 2001 Prentice-Hall, Inc. Reprinted by permission of Pearson
Education, Inc.
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Sistemas afectados por enfermedad cardiopulmonar
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Algunos resultados de la ergometria y su utilidad

Peak VO2 <= 14ml/kg/min
Peak VO2 <= 50% pred |-

VE/VCO2-Slope > 34
VO2 AT < 11ml/kg/min

Peak VO2 + VO2 AT

Interpretation 51 ed. 2012

Wasserman, K. Principles of Exercise Testing and

Peak VO2+VE/VCO2-Slope
VO2 AT+VE/NCO2-Slope o EEETEama ey §
05 1 5 50
Lower Mortality « » Higher Mortality
Odds Ratio
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Algunos resultados de la ergometria y su utilidad
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Diagndstico Médico General

Enf. Pulmonar

Enf. Cardiovascular

|

Diagndstico Terapeuta Especifico
(Decalogo para la prescripcion)

Contraindicaciones

I
Ent. Metabdlico

Intermitente

Ent. Cardiovascular Ent. Pulmonar
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Decalogo para la prescripcion

1) Establecer el problema del paciente, no solo su patologia
2) Indagar sobre qué siente, y no solo fisicamente

3) Describir los hechos clinicos conocidos

4) Investigar los hechos clinicos desconocidos

5) Establecer si esta indicado el ejercicio en este caso

6) Resenar el beneficio que podria aportar el gjercicio

7) Determinar si el paciente presenta contraindicaciones

8) Determinar su estratificacion de riesgo

9) Delinear las evaluaciones de rendimiento fisico a realizar

10) Disenar el mejor entrenamiento, en funcion de lo anterior

e Walter Rosales
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Ejemplo: Caso 240

CLINICAL FINDINGS

A 55-year-old executive was referred for exercise testing
after complaining of decreased exercise tolerance. He
noted weakness, fatigue, and some dyspnea after jogging
one block, but he could walk 3 miles on a level surface
without difficulty. He had become symptomatic after a
period of inactivity due to an ankle injury 2 years earlier
and felt he never returned to his former exercise toler-
ance. He did not report chest pain, syncope, palpitations,
coughing, or wheezing. He had smoked half a pack of ciga-
rettes per day for 10 years but had reduced his smoking to
three to four cigarettes per week. He took no medications.
Physical examination, chest roentgenograms, and resting
electrocardiogram (ECG) were normal. Demographic and
clinical data are summarized in Tables 10.1.1 and 10.1.2.
For this and all following cases, the data are presented
using standard abbreviations and symbols as defined in
Appendices A, B, and C of this book.
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Ejemplo: Caso 240

EXERCISE FINDINGS

The patient performed exercise on a cycle ergometer.
He pedaled at 60 rpm without added load for 3 minutes,
then the work rate was increased 20 W per minute to
his symptom-limited maximum. Arterial blood was sam-
pled every second minute, and intra-arterial blood pres-
sure was recorded from a percutaneously placed brachial
artery catheter. The patient stopped exercise because of

thigh fatigue. Twelve-lead ECG recordings remained nor-
mal during exercise.
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Caso

fo&:I

240
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Selected Respiratory Function Data

Measurement Predicted Measured
Age (years) 55
Sex Male
Height (cm) 182
Weight (kg) 83 80
Hematocrit (%) 41
VC (L) 4.75 6.06
IC (L) 3.17 4.16
TLC (L) 7.08 8.24
FEV, (L) 3.76 4:52
FEV,/VC (%) 79 75
MVYV (L/min) 151 200
DLcO (mL/mm Hg/min) 28.8 28.30

Wasserman

Walter Rosales
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| Table1042
C aso 2 40 Selected Exercise Data

Measurement Predicted Measured
Peak VO, (L/min) 247 2.53 -
Maximum heart rate 165 176 S
(beats/min) g)
Maximum O, pulse (mL/beat) 15.0 14.5 E
AVO,/AWR (mL/min/W) 103 98 Y
; n =
AT (L/min) >1.07 1.2 E’ 8
Blood pressure (mm Hg 144/81, L
[rest, max]) 225/87 L‘H ECD
- o
Maximum Vi (L/min) 107 2 u:)
2 0
Exercise breathing reserve >15 93 SRS
(L/min) 8 §
S =
VE/VCO, @ AT or lowest 272 257 a s
Pao, (mm Hg [rest, max ex]) 98, 110 x_ ;E
c
P(a — a)0, (mm Hg [rest, max ex]) 5,15 g
Paco, (mm Hg [rest, max ex]) 39, 32 §
P(a — ET)CO, (mm Hg 0,-5 P2
[rest, max ex]) =
VD/VT (rest, heavy ex) 0.26, 0.15
HCO; (mEq/L [rest, 2-min recov]) 25,12
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Caso 240

EIS
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Evaluacidon ergométrica con medicidn directa de gases. VO,: consumo de oxigeno. VCO,: produccion de diéxido de carbono.
HR: frecuencia cardiaca.VO,/HR: pulso de oxigeno. VE/VCO,: equivalente ventilatorio de diéxido de carbono. VE: ventilacion.
PETO,: presion parcial de oxigeno al final de la espiracion. PETCO,: presién parcial de diéxido de carbono al final de la espiracion.
Pa0,: presion arterial de oxigeno. PaCO,: presidn arterial de didxido de carbono. R: coeficiente “R” igual a VCO,/VO, VT: volumen
tidal o corriente. VC: capacidad vital. IC: capacidad inspiratoria. (Wasserman, K. Principles of Exercise Testing and Interpretation
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INTERPRETATION

Comments

The results of the respiratory function studies are within
normal limits (Table 10.1.1).

Analysis

Referring to the data in Table 10.1.2 and Flowchart 1
(Fig. 8.1), the peak VO, and anaerobic threshold are normal.
Referring to Flowchart 2 (Fig. 8.2), the ECG and arterial
blood gases (Table 10.1.3) are normal throughout exercise;
the O, pulse at the maximum work rate is normal.

Conclusion

This man has normal exercise function. His complaints
could reflect anxiety regarding his physical status and re-
sidual deconditioning after a period of inactivity.

Esp. Met. Inv. Cientifica
Maestrando en Bioética
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Diagndstico Médico General

Enf. Pulmonar

Enf. Cardiovascular

|

Diagndstico Terapeuta Especifico
(Decalogo para la prescripcion)

Contraindicaciones

I
Ent. Metabdlico

Intermitente

Ent. Cardiovascular Ent. Pulmonar
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Decalogo para la prescripcion

1) Establecer el problema del paciente, no solo su patologia
2) Indagar sobre qué siente, y no solo fisicamente

3) Describir los hechos clinicos conocidos

4) Investigar los hechos clinicos desconocidos

5) Establecer si esta indicado el ejercicio en este caso

6) Resenar el beneficio que podria aportar el gjercicio

7) Determinar si el paciente presenta contraindicaciones

8) Determinar su estratificacion de riesgo

9) Delinear las evaluaciones de rendimiento fisico a realizar

10) Disenar el mejor entrenamiento, en funcion de lo anterior
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CLINICAL FINDINGS

A 47-year-old asymptomatic man was referred for car-
diopulmonary exercise testing because of a strong fam-
ily history of coronary artery disease and the finding of
coronary artery calcification on an ultrafast computed
tomographic (CT) cardiac scan. Physical examination,
chest radiographs, and resting ECGs were normal.

EXERCISE FINDINGS

The patient performed exercise on a cycle ergometer. He
pedaled at 60 rpm without an added load for 3 minutes.
The work rate was then increased 25 W per minute to
tolerance. Heart rate and rhythm were continuously
monitored; 12-lead ECGs were obtained during rest,
exercise, and recovery. Blood pressure was measured
with a sphygmomanometer and oxygen saturation with
pulse oximeter. The patient appeared to give an excellent
effort and stopped exercise because of leg fatigue. He
denied chest pain during or after the study. ECGs showed
progressive downsloping ST-segment depression in leads
IL, 111, aVF, and V, to V, after 150 W of exercise, which
reached approximately 3 mm in leads Il and V, at the ces-
sation of exercise. These changes resolved by 5 minutes
of recovery; there was no ectopy.

Esp. Met. Inv. Cientifica
Maestrando en Bioética

OENTRENAMIENTO DE

Wasserman, K. Principles of Exercise Testing and
Interpretation 5% ed. 2012
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2
Table 10.18.1 i

£
Selected Respiratory Function Data 3

~
Measurement Predicted Measured _% g

SN
Age (years) 47 S:J S

o ©
Sex Male W S

S
Height (cm) 175 3 S
Weight (kg) 78 64 '§ g
Hematocrit (%) 42 N §

. O

VC (L) 4.78 5.04 ¥
IC (1) 3.19 3.70 é
FEV, (L) 3.91 4.03 3
FEV/VC (%) 81 80 §
MVYV (L/min) 153 180
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Table 10.18.2

Selected Exercise Data

Measurement Predicted Measured
Peak VO, (L/min) 2.35 1.68
Maximum heart rate 173 181
(beats/min)
Maximum O, pulse (mL/beat) 13.6 104
AVO,/AWR (mL/min/W) 10.3 6.4
AT (L/min) >1.01 13
Blood pressure (mm Hg 125/82,
[rest, max]) 160/90
Maximum VE (L/min) 78
Exercise breathing reserve >15 102
(L/min)
VE/VCO, @ AT or lowest 26.6 19.6
O, saturation, oximeter 99, 95

(rest, max)

[Frea Walter Rosales
o g Esp. Met. Inv. Cientifica
o~ Maestrando en Bioética
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Evaluacidon ergométrica con medicidn directa de gases. VO,: consumo de oxigeno. VCO,: produccion de diéxido de carbono.
HR: frecuencia cardiaca.VO,/HR: pulso de oxigeno. VE/VCO,: equivalente ventilatorio de diéxido de carbono. VE: ventilacion.
PETO,: presion parcial de oxigeno al final de la espiracion. PETCO,: presién parcial de diéxido de carbono al final de la espiracion.
Pa0,: presion arterial de oxigeno. PaCO,: presidn arterial de didxido de carbono. R: coeficiente “R” igual a VCO,/VO, VT: volumen
tidal o corriente. VC: capacidad vital. IC: capacidad inspiratoria. (Wasserman, K. Principles of Exercise Testing and Interpretation
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INTERPRETATION
Comments

Spirometry was normal (Table 10.18.1).

Analysis

Referring to Flowchart 1 (Fig. 8.1), peak \'/02 was reduced,
but the anaerobic threshold was within normal limits
(Tables 10.18.2 and 10.18.3 and Fig. 10.18.1). Proceeding
next to Flowchart 3 (Fig. 8.3), the high breathing reserve
(branch point 3.1) and abnormal ECG t developed dur-
ing exercise (branch point 3.3) lead to the dia 3 o=
cardial ischemia. The low O, pulséand failure of Vo, and O,
pulse to rise appropriately for the last 2.5 minutes of exer-
cise indicate that an O, delivery problem developed at that
time. The constant O, pulse indicates that the product of

Interpretation 5" ed. 2012

Wasserman, K. Principles of Exercise Testing and

the arterial-mixed venous O, content difference and stroke denied chest pain during or after the study. ECGs showed
volume reached its maximum value prematurely. This con- progressive downsloping ST-segment depression in leads
stant value might reflect a decreasing stroke volume while I, 111, aVF, and V; to Vj after 150 W of exercise, which
arteriovenous difference is increasing. reached approximately 3 mm in leads Il and V, at the ces-

sation of exercise. These changes resolved by 5 minutes
of recovery; there was no ectopy.
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Caso 308

Conclusion

The abrupt change in a previously normal pattern of uti-
lization of O, (normal AV()ZIA\N R r which VOZ fails
to keep pace with increasing work rate suggests TS
induced myocardial ischemia. The combination of O,
delivery abnormalities (which imply a failure of cardiac ‘
output to increase appropriately for the work rate) and Time, min
ECG findings consistent with myocardial ischemia sug-

gests that the patient had functionally important coronary

artery disease. Follow-up coronary angiograms showed

diffuse distal coronary artery disease not amenable to

bypass. The patient was treated medically.

o 1
O VOz, Umin — WR, watt
35 8 \{COZ,HJmin T 350
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[ ¥ 300
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Wasserman, K. Principles of Exercise Testing and
Interpretation 5" ed. 2012
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Diagndstico Médico General
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Enf. Cardiovascular

|

Diagndstico Terapeuta Especifico
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Contraindicaciones

I
Ent. Metabdlico

Intermitente

Ent. Cardiovascular Ent. Pulmonar
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Decalogo para la prescripcion

1) Establecer el problema del paciente, no solo su patologia
2) Indagar sobre qué siente, y no solo fisicamente

3) Describir los hechos clinicos conocidos

4) Investigar los hechos clinicos desconocidos

5) Establecer si esta indicado el ejercicio en este caso

6) Resenar el beneficio que podria aportar el gjercicio

7) Determinar si el paciente presenta contraindicaciones

8) Determinar su estratificacion de riesgo

9) Delinear las evaluaciones de rendimiento fisico a realizar

10) Disenar el mejor entrenamiento, en funcion de lo anterior
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A 65-year-old cigarette-smoking man was evaluated as
part of a research study related to coronary artery cal-
cification. He had been overweight and diabetic for ap-

c a S O 3 2 1 proximately 6 years. He had an active lifestyle and walked
regularly for exercise but had been limited in his speed
of walking for approximately 5 years due to pain in his
thighs and calves, especially on the right side. He had
some cough and sputum production for a decade. He de-
nied chest pain, shortness of breath, wheezing, edema, or
skin problems. Pulses could not be palpated in the legs
except for a faint right femoral artery pulse. The patient
had no edema; skin warmth and color were good.

EXERCISE FINDINGS

The patient performed exercise on a cycle ergometer.
He pedaled at 60 rpm without an added load for 3 min-
utes. The work rate was then increased 15 W pe{"}zhinute
to tolerance. Heart rate and rhythm were continuously
monitored; 12-lead ECGs were obtained during rest, ex-
ercise, and recovery. Blood pressure was measured with
a sphygmomanometer. The patient appeared to give an
excellent effort and stopped exercise because of bilateral
thigh and calf pain, similar to his usual symptoms. He
denied chest pain or discomfort during or after the study.
ECGs showed occasional premature ventricular contrac-
tions hoth at rest and durine exercise but were otherwise
normal. No abnormal ST segments or T waves were noted

before, during, or after exercise.

Wasserman, K. Principles of Exercise Testing and
Interpretation 5" ed. 2012
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2
| Tablet0.214 | o

3
Selected Respiratory Function Data "5

~
Measurement Predicted Measured _% g

(&)
Age (years) 65 ) :

RS
Sex Male “ <

ST
Height (cm) 170 8 S
Weight (kg) 74 88 25

S o
Hematocrit (%) 42 a q:.;
VC (L) 343 3.65 X
IC (L) 2.44 3.20 é
FEV, (L) 2.74 248 3
FEV,/VC (%) 79 68 <§
MVYV (L/min) 110 92
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Selected Exercise Data %
o)
Measurement Predicted Measured %
Peak Vo, (L/min) 2.04 1.06 % o~
Maximum heart rate 155 135 g §
(beats/min) 3 ‘qc)'
Maximum O, pulse (mL/beat) 13.2 79 5%
AVO,/AWR (mL/min/W) 10.3 6.9 38§
AT (L/min) 5095 08 g
Blood pressure (mm Hg 164/88, Q:_ §~
[rest, max]) 278/110 X E
Maximum VE (L/min) 33 g
Exercise breathing reserve >15 59 %
(L/min) %
VE/VCO, @ AT or lowest 28.7 252 =
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Evaluacidon ergométrica con medicidn directa de gases. VO,: consumo de oxigeno. VCO,: produccion de diéxido de carbono.
HR: frecuencia cardiaca.VO,/HR: pulso de oxigeno. VE/VCO,: equivalente ventilatorio de diéxido de carbono. VE: ventilacion.
PETO,: presion parcial de oxigeno al final de la espiracion. PETCO,: presién parcial de diéxido de carbono al final de la espiracion.
Pa0,: presion arterial de oxigeno. PaCO,: presidn arterial de didxido de carbono. R: coeficiente “R” igual a VCO,/VO, VT: volumen
tidal o corriente. VC: capacidad vital. IC: capacidad inspiratoria. (Wasserman, K. Principles of Exercise Testing and Interpretation
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INTERPRETATION

Comments

The patient has mild, asymptomatic airway obstruction
(Table 10.21.1), diabetes mellitus, obesity, and clinical
evidence of peripheral arterial disease. Of note, his car-
diac scan had shown no coronary artery calcification.

Analysis

Referring to Flowchart 1 (Fig. 8.1), peak VO, and the anaer-
obic threshold were reduced (Table 10.21.2). Proceeding
next to Flowchart 4 (Fig. 8.4), the high breathing reserve
(branch point 4.1) and normal VE/VCO, at the anaerobic
threshold (branch point 4.3) lead to the category of “O,
flow problem of non-pulmonary origin.” Given a nor-
mal hematocrit (branch point 4.4), this indicates a car-
diovascular disorder with a low nonchanging O, pulse
(branch point 4.6). The patient’s limiting symptoms were
typical of claudication due to peripheral arterial disease.
Exercise-induced systemic hypertension (Table 10.21.3),
low AVO,/AWR and low AVCO,/AWR (Fig. 10.21.1, panel
1), and high heart rate reserve are all consistent with pe-
ripheral arterial disease. The absence of ECG changes
indicative of myocardial ischemia, despite the exagger-
ated exercise blood pressure response, suggests that the
coronary vessels are relatively uninvolved.

Esp. Met. Inv. Cientifica
Maestrando en Bioética
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Conclusion

This patient has typical symptoms of peripheral arterial
disease reflecting impaired oxygen supply to exercising
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muscle. Not surprisingly, this impair se—reftetied
in abnormalities of VO, =T addition, in contrast to other

cardiovascular diseases, the increase in V(:()Z-ael-ﬁ-'ru O
work rate was reduced as well, similar to the Vo,—work
rate relationship. This may be a reflection of diffuse lower
extremity vascular disease constraining leg blood flow so
severely that it constituted an abnormally low proportion
of the total circulation perfusing the exercising muscles.
Consequently, there was less CO, as well as less O, ex-
tracted in the venous return. Thus both Vo, and VCO,—
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were reduced as work rate was increased. This would be
consistent with the patient’s bilateral symptoms affecting
both proximal and distal muscle groups. Although many
patients with peripheral arterial disease are limited by
associated coronary artery disease, this does not seem to
be true for this man.
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Diagndstico Médico General

Enf. Pulmonar

Enf. Cardiovascular

|

Diagndstico Terapeuta Especifico
(Decalogo para la prescripcion)

Contraindicaciones

I
Ent. Metabdlico

Intermitente

Ent. Cardiovascular Ent. Pulmonar
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Decalogo para la prescripcion

1) Establecer el problema del paciente, no solo su patologia
2) Indagar sobre qué siente, y no solo fisicamente

3) Describir los hechos clinicos conocidos

4) Investigar los hechos clinicos desconocidos

5) Establecer si esta indicado el ejercicio en este caso

6) Resenar el beneficio que podria aportar el gjercicio

7) Determinar si el paciente presenta contraindicaciones

8) Determinar su estratificacion de riesgo

9) Delinear las evaluaciones de rendimiento fisico a realizar

10) Disenar el mejor entrenamiento, en funcion de lo anterior

e Walter Rosales
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CLINICAL FINDINGS

A 57-year-old homemaker without prior medical history
presented with complaints of 6 months of shortness of
breath, exercise limitation, and easy fatigability. She had
two-pillow orthopnea and paroxysmal nocturnal dys-
pnea. She did not experience exertional chest pain. An
echocardiogram reported a dilated cardiomyopathy with
a 15% left ventricular ejection fraction. She was treated
with lisinopril, digoxin, warfarin, atorvastatin, and furo-
semide, and referred for exercise testing to quantify the
severity of her heart failure. At the time of referral, she
was symptomatically improved on therapy and had clear
breath sounds and only trace pretibial edema. Chest ra-
diographs were normal except for mild left ventricular
enlargement. Resting ECG revealed sinus rhythm and
left bundle branch block with rare premature ventricular
contractions.

Wasserman, K. Principles of Exercise Testing and
Interpretation 5" ed. 2012
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EXERCISE FINDINGS

The patient was studied during exercise on a cycle ergom-
eter (Fig. 10.14.1). After 3 minutes of rest, she pedaled at
60 rpm without added load for 3 minutes. The work rate
was then increased in a ramp pattern by 10 W per minute
to her symptom-limited maximum. Blood pressure was
measured with a sphygmomanometer. Arterial oxyhemo-
globin saturation was estimated by pulse oximeter. The
patient stopped exercise on her own volition because of
leg fatigue. During unloaded cycling, premature ventric-
ular contractions occurred at about one per minute, but
these resolved at higher work rates. The ST segments did
not change with exercise. At rest and during early ex-
ercise, an oscillatory breathing pattern with a period of
about 1 minute was observed (Fig. 10.14.2).

OENTRENAMIENTO DE

Wasserman, K. Principles of Exercise Testing and

INVESTIGADORES EN SALUD

Interpretation 5" ed. 2012
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Table 10.14.1

Selected Respiratory Function Data

Measurement Predicted Measured
Age (years) 57
Sex Female
Height (cm) 168
Weight (kg) 59.1
Hematocrit (%) 38.5
VC (L) 3.27 3.17
IC (L) 2.18 1.98
ERV (L) 1.09 1.19
FEV, (1) 2.64 217
FEV,/VC (%) 81 69
MVYV (L/min) 97 86
DLco (mL/mm Hg/min) 227 17.8

Walter Rosales
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Table 10.14.2

Selected Exercise Data

c a S O 2 94 Measurement Predicted Measured

ko)
Peak Vo, (L/min) 1.35 0.83 s
Maximum heart rate 163 134 S
(beats/min) §
Maximum O, pulse (mL/beat) 8.3 6.2 3 g
AVO,/AWR (mL/min/W) 10.3 6.9 § S
AT (L/min) >0.70 0.53 i
5§
Blood pressure (mm Hg 102/66, 8 Lg
[rest, max]) 120/85 S &%
- O
Maximum VE (L/min) 43 S g
Qa
Exercise breathing reserve >15 43 . 8
. X <
(L/min) ==
VE/VCO, @ AT or lowest 289 38.2 £
PETCO, at AT >40 33 @
VE vs. Vco, <32 38 §
Sa0, (pulse oximeter, % >05 08, 98

[rest, exercise|)
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Evaluacidon ergométrica con medicidn directa de gases. VO,: consumo de oxigeno. VCO,: produccion de diéxido de carbono.
HR: frecuencia cardiaca.VO,/HR: pulso de oxigeno. VE/VCO,: equivalente ventilatorio de diéxido de carbono. VE: ventilacion.
PETO,: presion parcial de oxigeno al final de la espiracion. PETCO,: presién parcial de diéxido de carbono al final de la espiracion.
Pa0,: presion arterial de oxigeno. PaCO,: presidn arterial de didxido de carbono. R: coeficiente “R” igual a VCO,/VO, VT: volumen
tidal o corriente. VC: capacidad vital. IC: capacidad inspiratoria. (Wasserman, K. Principles of Exercise Testing and Interpretation
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INTERPRETATION

Comments

This patient has an idiopathic cardiomyopathy and symp-
toms compatible with New York Heart Association class 11
to I11. Respiratory function showed mild airway obstruction
and mild reduction in diffusing capacity (Table 10.14.1).
A distinctly oscillatory pattern of VO,, VCO,, and VE is
seen at rest and at exercise intensities p€low the anaerobic
threshold, as found in a subset of pfatients with left ve
tricular failure (Fig. 10.14.2).

Walter Rosales
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Analysis

Referring to Flowchart 1 (Fig. 8.1), the peak Vo, and an-
aerobic threshold are reduced (Tables 10.14.2and 10.14.3).
Referring to Flowchart 4 (Fig. 8.4), theAreathing reserve
is normal (branch point 4.1), reas the ventilatory
equivalent for CO, at the AT 4 hlgh (branch point 4 3),

1ight branch), consider the arterial saturation (branch
point 4.5). The normal arterial oxyhemoglobin saturation
throughout exercise is more characteristic of the slow pul-
monary blood flow (long transit time) of left ventricular
dysfunction (right branch) as opposed to the shortened
transit time associated with exercise arterial hypoxemia
of primary pulmonary vascular disease (left branch).

Wasserman, K. Principles of Exercise Testing and

Interpretation 5" ed. 2012
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The data in the nine-panel plots are graphed as
30-second averages, which is insufficient time resolution
to fully appreciate the temporal pattern of change in Vo,,
Vco,, and VE. When these variables are plotted using a
moving average, a systematic oscillatory pattern is evident
at rest and at low levels of exercise. This finding is seen
in some patients with left ventricular failure and has fea-
tures similar to Cheyne-Stokes respiration. The periodic
(oscillatory) gas exchange pattern is analyzed in greater
detail in Figure 10.14.2. The oscillations have a period of
1 minute from peak to peak and are greatest at rest and
during mild-to-moderate exercise. The rise in VO, begins
first, followed by Vco,, VE, and finally R.

We postulate that the oscillation in gas exchange is
caused by oscillating pulmonary blood flow due to cyclic
changes in systemic blood pressure in the presence of a
heart that is functioning on the flat or descending limb of
the Frank-Starling curve. The cyclic changes in arterial
pressure are known as Traube—Hering waves and have a
period of 0.75 to 1.5 minutes. These changes in arterial
tone do not affect cardiac output (and therefore pulmo-
nary blood flow) in normal individuals because cardiac
output normally depends on venous return (ascending
limb of the Frank—Starling curve). With left ventricular
failure, however, the cardiac output is less dependent on
cardiac preload (Starling’s law of the heart) and more
critically dependent on afterload. Thus, cardiac output
and Vo, in patients with heart failure may vary with os-
cillations in vasomotor tone in the systemic arterial bed.
VE may oscillate secondary to the pulmonary blood flow

Walter Rosales
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oscillation if arterial Paco,, Pa0,, and H" oscillate as a re-
sult of cyclic changes in pulmonary blood flow—alveolar
ventilation mismatch. It is thought that the increased
production of catecholamines during heavy exercise
obliterates the changing vasomotor tone stimulus from
the central nervous system.

An oscillatory gas exchange pattern is characteristic
of some patients with more severe forms of left ventricular
failure® and is an independent predictor of mortality in this
population.
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Conclusion

This patient is presented to illustrate the oscillatory pat-
tern in Vo, and other abnormalities that are common

findings during exercise among patients with left ven-
tricular failure.

Wasserman, K. Principles of Exercise Testing and
Interpretation 5" ed. 2012
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