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Capitulo |

INTRODUGAO

A Insuficiéncia Cardiaca Cronica (ICC) é uma sindrome clinica de alta prevaléncia,
desenvolvida em resposta a um dano, resultando na diminuicdo da capacidade do coragdo em
bombear sangue para o corpo (1). E caracterizada por uma série de fendmenos multifatoriais
como: fadiga, dispnéia e grande limitagao aos esforgos fisicos. Esses sintomas sao resultados
de alteragbes hemodinamicas e metabdlicas, como uma resposta anormal do débito cardiaco
ao exercicio e também fatores periféricos, localizados no musculo esquelético. Esses sao os
principais determinantes da baixa tolerancia ao esforgo nestes individuos ( 2 3, 4).

A intolerdncia aos esforcos na ICC também esta relacionada a diversas alteracdes
morfolégicas na musculatura esquelética, como: atrofia e mudanga na distribuicdo entre os
tipos de fibras musculares, alteracées na relagdo entre os capilares sanguineos e musculo
esquelético, fator que limita a difusdo de oxigénio do sangue para o tecido muscular (5,6). Além
das mudancas estruturais da musculatura esquelética, ocorrem alteragdes intrinsecas do
metabolismo muscular, que desencadeiam acidose e fadiga precoce no exercicio (6,7). A
reducdo do fluxo sanguineo muscular também é considerada, por alguns autores, um
mecanismo fundamental na génese da intolerancia ao exercicio na ICC (7 -13).

As anormalidades metabdlicas dos musculos periféricos e mudangas da vasculatura
periférica, associam-se com modificagdes do sistema respiratorio (dispnéia: caracterizada por
desconforto respiratério) gerando hiperventilagdo, podendo promover fadiga precoce quando
estes pacientes sdo submetidos ao esforgo fisico (14; 15)

Logo, a soma desses fatores pode alterar, de forma importante, a caminhada de
pacientes com ICC. Sao encontradas caracteristicas como reducdo da velocidade de
caminhada, alteragdo do padrdo locomotor, maior custo de transporte (CT: dispéndio

energético por metro percorrido) e portanto uma menor economia de caminhada, que limitam a
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capacidade do individuo manter a caminhada por um longo periodo de tempo, sendo
necessario pausa para descanso (5,6).

Apenas um estudo avaliou mais profundamente o CT da caminhada de pacientes com
ICC. Neste estudo, os pacientes foram expostos a um programa de treinamento, que consistia
em pedalar no cicloergbmetro, andar na esteira rolante, realizar exercicios de forga,
proprioceptivo e inspiratério, em periodos separados durante 3 semanas. Apos, foi observada
uma reducdo do CT, ou melhora na economia de caminhada, bem como aumento da
velocidade auto selecionada de caminhada (VAUS) desses sujeitos, indicando que o
treinamento pode contribuir para uma mudanca metabdlica favoravel com efeitos positivos na
economia de locomogao (16). Porém, ainda existe uma lacuna na literatura com relagao aos
determinantes ventilatorios e metabdlicos da VAUS de caminhada em pacientes com ICC.

Sendo assim, destacaremos nesta revisdo aspectos fisiopatolégicos da ICC,
contextualizando o leitor sobre questdes mais profundas relacionadas ao estudo da locomogao
humana, mais especificamente sobre a economia de caminhada. Por fim, considerando essa
caréncia de informacdes sobre a escolha da VAUS de caminhada na ICC, conduzimos um

estudo original que aborda os possiveis responsaveis pela escolha desta nessa populagao.
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Capitulo Il

REVISAO DE LITERATURA

Intolerancia ao Exercicio na ICC

Uma das principais caracteristicas da ICC é a intolerancia ao exercicio (11). A
incapacidade do coragdo de bombear sangue para suprir as necessidades do corpo, provoca
aumento das atividades do sistema simpatico levando a uma vasoconstricao periférica. Isto
leva a diminuicdo do fluxo no nivel das arteriolas renais fazendo com que as células
justaglomerulares liberem renina, dando origem a sintese de angiotensina (Ang Il). Esse
peptideo do sistema renina-angiotensina-aldosterona estimula a liberagao de vasopressina e
aldosterona, provocando a retencdo de agua e solutos. A Ang Il, atua também nos terminais
simpaticos provocando doses adicionais de noradrenalina. Toda essa cascata de eventos leva
a um excesso da atividade simpatica, refletindo em implicagdes cardiovasculares expressivas
(figura 1) (2, 6, 17).

Esse processo, em sua fase final, acaba resultando na intolerancia ao exercicio, tendo
como um dos principais sintomas, a dispnéia (17, 18). A hiperventilagao, resultado da dispnéia,
pode ter associagdo com a sindrome da disfungdo progressiva da musculatura esquelética,
frequente em pacientes com ICC (19). Desta forma, estes pacientes, podem apresentar
respostas anormais da mecanica pulmonar, incluindo uma resposta ventilatéria exagerada,
combinada com a reducdo da complacéncia do pulm&o e possibilitando um aumento na
resisténcia das vias aéreas. Este processo acaba levando a uma limitacdo da difusdo de
oxigénio (O2) do pulmao para o sangue (19, 6, 5, 20).

Estas alteragbes na distribuicdo de O,, além de prejudicar o trabalho da musculatura
respiratoria, tem relagao direta com o desempenho (18). Em pesquisas realizadas com bidpsia

muscular, foi encontrada uma possivel comutacdo para fibras de contragao rapida e cadeia
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pesada de miosina, gerando uma redugdo nas fibras de contragdo lenta e do numero de
capilares por fibra muscular, contribuindo para a incapacidade de manter por um longo periodo

de tempo um exercicio fisico (5, 20, 17).

Ativagdo simpatica

fatores

humorais

iy

aporte oxigénio

Ativagao

Neuromotora
Mecano \
Meta » \

\ horménios circulantes

Figura 1: Fatores que afetam
a estrutura da musculatura
esquelética e metabolismo.
Modificado de Lunde et al. (5)

A limitacdo aos esforgcos provocada pela ICC também pode estar associada com niveis
de lactato sanguineo elevados, tendo como provavel responsavel a alteragdo no metabolismo

muscular (21). Cabe ressaltar, que a diminuicdo do consumo de O, de pico (VOzpico) €

tolerancia ao exercicio, depende da severidade da ICC (22).

Custo de Transporte da Caminhada — Velocidade 6tima de caminhada e Velocidade auto

selecionada de caminhada

A caminhada humana possui caracteristicas que a diferenciam dos demais mamiferos.
Ela possibilita a minimizagao de energia mesmo em baixas velocidades de caminhada (23).

Quando um individuo avanga a frente sobre a perna de apoio, o centro de massa corporal
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(CM),ou centro de gravidade, muda de posi¢cao e causa um desiquilibrio no corpo. Essa
instabilidade € compensada pela mudanca de posicdo do membro inferior livre, que se desloca
imediatamente para nova posigao, impedindo quedas (24,25).

Sabe-se que qualquer atividade, inclusive a locomogdo, envolve um dispéndio
energético, pois € necessario manter uma velocidade média e para isso € preciso um constante
processo de aceleragao e desaceleragdao do CM. O dispéndio energético liquido necessario
para locomover o sujeito em uma determinada distancia, o CT (26), € determinado por tarefas
mecanicas como: gerar forca para suportar o peso do corpo, executar trabalho para
redirecionar o CM a cada passo, promover o balanco dos membros e manter a estabilidade
(27).

Ao analisarmos o CT, observamos que existem variaveis que o influenciam, como o
mecanismo pendular e a velocidade escolhida ou também denominada VAUS. No modelo do
péndulo invertido (figura 2a), para a caminhada, a energia potencial (EP) é alta quando o CM
esta acima do ponto de contato do corpo com o solo, a partir deste momento a energia cinética
(EC) obtém um acréscimo gradativo (figura 2b) (28, 29). Quando o ponto de contato volta a
estar na frente do CM a EC diminui e a EP aumenta. As EP e EC se comportam em oposi¢ao

de fase, gerando uma recuperacgao (R) entre elas (28, 29, 30, 31).

Energia Mecanica do Centro de
Massa Corporal

Energia Total

P

t (s)

Figura 2. Modelo do Péndulo Invertido (a) e Comportamento das energias mecénicas (b) durante a caminhada,
EP, energia potencial EKy, energia cinética vertical, EKr energia cinética horizontal e o t € o tempo em segundos
(s) (modificado de Saibene, Minetti (23))
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A R é um parametro que quantifica a capacidade de salvar a energia mecanica utilizando
o0 modelo do pendulo invertido observado em uma passada (23). Os seres humanos nao obtém
uma troca completa na R, ou seja, 100%. No entanto, a R entre as energias é moderadamente
elevada de até 60% sendo dependente da velocidade de caminhada. O restante da energia
que nao é recuperada deve ser suplementada pela energia metabdlica advinda dos musculos
(23, 29).

O maior valor de R, ocorre na velocidade 6tima ( Vetima: Onde ocorre a otimizagdo dos
parametros mecanicos e metabdlicos). Esta normalmente coincide com a VAUS que é
aproximadamente 4,5 km/h em individuos adultos sem restri¢cdes fisicas ou metabdlicas. (32,
29, 28).

Em sujeitos com restricdes, como o caso de amputados (33), individuos com sequelas
de acidente vascular encefalico, criangas com paralisia cerebral (34) a Vsiima de caminhada nao
coincide com a VAUS, assim eles sdo menos econdmicos durante sua locomocéo.

Pacientes com doenca arterial periférica com claudicagdo moderada, apos 8 semanas
de treinamento de forgca tiveram uma melhora de 9,7% na sua economia de caminhada (35).
Sabe-se que, para pacientes com ICC, a capacidade de caminhada € um fator importante para
verificar a qualidade de vida (18, 36).

No entanto, existe somente um estudo que analisou o CT na caminhada de ICC e este
avaliou a VAUS de caminhada isoladamente (16). Assim, compreender a economia de
caminhada em diferentes velocidades e as variaveis que podem estar associadas como o0s
equivalentes ventilatorios em individuos com ICC é relevante, pois implica em uma melhor
compreensao sobre o comportamento de fatores que influenciam a intoleradncia ao exercicio
nesses pacientes, que tem uma relagdo com a qualidade de vida. O maior conhecimento
cientifico na area pode possibilitar um treinamento ou reabilitagdo adequado e especifico para

esta populacéo.
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Numero de Froude e Equagao Quadratica — formas de predizer a velocidade 6tima

Os parametros mecanicos e metabdlicos da locomog¢ao tem sido classicamente
expressos em quilograma de massa corporal para reduzir a variabilidade associada com a
heterogeneidade da amostra. Esta € a primeira forma de padronizagdo, direcionando-se
principalmente para a eliminagdo dos efeitos do tamanho (37). A segunda forma de
padronizacdo, foi baseada na teoria da similaridade, que afirma que dois corpos
geometricamente similares irdo se comportar igualmente se seus movimentos estiverem no
mesmo numero de Froud (Fr), definido como:

Fr = /4L Equagao 1
onde s € a velocidade (metros por segundo), g € a aceleragéo da gravidade (9,81m.s’)e Lé o
comprimento da perna (em metros) (37, 23, 38). Baseado no mecanismo do péndulo invertido,
pode-se predizer que humanos e outros animais caminham em uma velocidade onde o Fr é

menor ou igual a 1. No entanto, na Veima de caminhada o numero de Fr encontra-se por volta

de 0,25 (39).

Bona (40) propés um indice de recuperagao (IR) para o auxilio na reabilitacdo de
individuos com restricbes de caminhada, sejam elas fisicas ou metabdlicas. Neste IR € obtida a

Velsiima de duas formas.

A primeira, através de uma equagao quadratica do CT em funcdo da velocidade de
caminhada, sendo este denominado indice de recuperagéo experimental (IRexp). Para o calculo
matematico da Veima foi utilizada a equagao proposta por Abe et al. (41). Na qual, o raciocinio

matematico do CT é determinado como:
CTop="V Oz/v Equagio 2
onde, 10, é o consumo de oxigénio em mL.kg'min-" e v é a velocidade de caminhada em m/s.

Do mesmo modo, foi descrita que a relagao entre velocidade de caminhada e CT pode
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se aproximar a uma curva em forma de U de uma equagao quadratica, isto significa que existe
uma velocidade de caminhada especifica que corresponde ao menor custo energético por
unidade de distancia percorrida. A relacdo entre a velocidade de caminhada e o CT pode ser

matematicamente descrita a seguir:

CTexp =a (v) +6 (v) +c¢ Equacéo 3
onde z¢ sao constantes determinadas por minimos quadrados, como valor do CT observado

em cada velocidade de caminhada. Assim, a equacgao diferencial da equacao quadratica

original de cada condigao experimental pode ser descrita a seguir:

CToxp =2a(s)+ b Equagao 4

A Vsima foi determinada como a velocidade em que o CT se igualava a zero. Assim, a

Vstima € Observada a seguir

Vel stimaexp = -6/2a Equagdo 5
onde -4 é a velocidade de caminhada, e 2z € um valor constante determinado pelo método de

minimos quadrados observado no custo de cada uma das velocidades de caminhada.

A segunda forma de estimar a Velgima Seria através do Fr (37), para tanto foi isolada a
velocidade na equagéao do Fr, sendo este denominado indice de recuperagao teorico (IRteor ). A

partir das duas Velsima €ncontradas, as mesmas foram inseridas nas seguintes equacgoes:

IR,,, = VAUS/ Vel

exp Otimaexp *

100 Equacao 6

IR, = VAUS/ Vel ..., .100 Equagéo 7

teor
Quanto maior for o resultado dessa equagao, mais proximo da Velsima estara o individuo,
sendo o objetivo durante um futuro treinamento ou reabilitacdo atingir valores proximos de

100%.
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Capitulo 1l

OBJETIVO

- Verificar os determinantes ventilatérios e metabdlicos da velocidade auto selecionada

em pacientes com Insuficiéncia Cardiaca Crénica.
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ANEXO (ARTIGO)

Ventilatory and metabolic determinants of self-select walking speed in heart
failure
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ABSTRACT

Background: In healthy subjects, the self-selected walking speed (SSWS) corresponds to the lowest cost of transport (CT).
This study tested the hypothesis that SSWS could be determined by the work of breathing instead of the CT in patients with
CHF.

Methods and Results: Seventeen patients with CHF due left ventricular systolic dysfunction and 17 healthy controls were
evaluated. Both groups were submitted to a walking cost protocol on the treadmill at the SSWS, at 2 speeds below (-0.5 km/h

and -1.0 km/h), and 2 speeds above (+0.5 km/h and +1.0 km/h). The CT and the ventilatory equivalent for carbon dioxide

(V e V CO,) were compared. CHF patients had a lower SWWS than healthy controls (0.75+0.14m/s vs 0.98+0.30 m/s;

p<0.01). Among the 5 speeds, the controls” SSWS was the most economical. For CHF patients, the SSWS was less economical

than the higher speeds. However, V e V CO, at the SSWS was lower when compared to other speeds.

Conclusions: In contrast to what happens with healthy subjects, where the SSWS has the lowest CT, CHF patients choose a
SSWS with higher CT, but with lower ventilatory cost. These findings suggest that interventions that enhance ventilatory
efficiency may increase SSWS in CHF.

Key Words: cost of transport, heart failure, ventilatory efficiency.
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Introduction

Walking is an energy-cheap activity, its energy requirement being only about 50% above that of resting metabolism in
healthy individuals.! Margaria,” in classical energy expenditure study of walking and running at different speeds, had
suggested that the energy spent per unit of distance covered as a parameter for measuring the walking economy. Later,
Schmidt and Nielsen® called this parameter as cost of transport (CT). In healthy individuals, the CT reaches a minimum at an
intermediate speed (~ 2 J/kgm at 4.5 km/h), often called the optimal walking speed (OWS), which is very close to the self-
selected walking speed (SSWS).!

In patients with chronic heart failure (CHF) have cardiopulmonary and muscular limitations that reduce their ability to
exercise, walking speed may influence quality of life.* Moreover, the 6-min walking distance is inversely associated with New
York Heart Association functional and has been shown to be an independent predictor of hospitalization and mortality in CHF
patients.”® Despite the importance of walking speed, little is known about the CT and SSWS in patients with CHF. Beneke and
Meyer® have shown the effect of a 3-week exercise program on performance and walking economy in 16 male patients with
CHF. Exercise training resulted in improvement in walking economy and SSWS. Since exercise performance of patients with
CHF is markedly influenced by the ventilatory responses,’ we hypothesized that, contrary to what happens in healthy
individuals, SSWS could be determined by the work of breathing instead of the CT in patients with CHF, and the present study

was conducted to test this hypothesis.

Methods

Participants

Seventeen patients with a previous history of stable symptomatic CHF due to left ventricular systolic dysfunction (left
ventricular ejection fraction < 45%) and 17 healthy controls participated in the study. Patients with angina, diabetes,
uncontrolled hypertension, renal or pulmonary disease, recent myocardial infarction (previous 3 months), decompensated heart
failure, neuromuscular disease, and smokers were not included. The control group included individuals matched for age and
sex, with a normal medical history and physical examination, as well as with normal resting and exercise electrocardiograms.
The protocol was approved by the Hospital de Clinicas de Porto Alegre Ethics Committee, and all individuals signed an

informed consent form.

Study Design
In this cross-sectional study, each participant was submitted to an incremental cardiopulmonary exercise test and, at
least 48 h after, to a walking cost test. On the first visit, leg length (in m) was measured from trochanter to the ground, with

shoes,’ Weight was measured in both visits.
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Cardiopulmonary Exercise Testing
Maximal incremental test was performed on a treadmill INBRAMED 10200, Porto Alegre, Brazil) using a ramp

protocol, as previously described.® Gas exchange variables were measured breath-by-breath by a validated system (Metalyzer

3B, CPX System, Cortex, Leipzig, Germany). In short, peak oxygen uptake (V Oypea) Was defined as the highest value
achieved during the test for 20 s. Minute ventilation to carbon dioxide output slope was determined by linear regression using

all points of the test. Heart rate was continuously recorded from a 12-lead electrocardiogram.

Walking Transport Cost Protocol

Initially, resting oxygen uptake (V 0O,) was measured in orthostasis, during 5 min. Then the subjects were asked to
walk in a comfortable speed — one that could be sustained for a prolonged period, without getting tired — on a 15-m corridor, 3
times, and this was defined as the SSWS on the ground. At least 30 min after, participants were taken to the treadmill
laboratory to perform the walking cost tests.” Initially, the SSWS on the ground was set on the treadmill. Since the SSWS on
the ground may differ from the SSWS on the treadmill,' the individuals walked for a couple of min and could adjust the speed
to attain what was called the SSWS. The walking cost tests were performed at 5 different speeds: the SSWS, 2 speeds below (-
0.5 km/h and -1.0 km/h), and 2 speeds above (+0.5 km/h and +1.0 km/h). The subjects were required to walk for 5 min at each
speed. The speed ordering was randomized, and gas exchange was measured throughout the tests. Between each speed, the

subjects were allowed to rest until the oxygen consumption levels were close to those at rest (usually 5 to 6 min).

Froud number, quadratic equation, and prediction the optimal walking speed

We use a standardized method to predict OWS based on the similarity theory, which states that two geometrically

similar bodies will behave similarly if they have the same Froud number ( F7 ), defined as:

Fr=52/g. L
Where Sis the speed (m/s), g is acceleration of gravity (9.81 m/s®) an L is the leg length (m)."'* Farley and Ferris'’ found that

humans and other animals choose to walk instead of running if their speed leads to a Fr less than 0.5. However, when
subjects are walking at OWS, their Fr is about 0.25.
We also used the quadratic equation to predict the OWS." This quadratic equation has the mathematical reasoning

that the experimental CT (CT.p) is given as:

CT.p=V 0u/s
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The relationship between walking speed and CT can be approximated by a U-shape quadratic equation, meaning that there is a
specific walking speed corresponding to the minimum CT. The relationship between walking speed and CT can be
mathematically described as the following equation:
CTup=a (9 +6()+c
Where a — c are the constants determined by the least squares with the actually observed CT values at each walking speed, and
sis walking speed. Therefore, a differential equation of the original quadratic equation of each experimental condition could be
described as follows:
CToxp =2a(s)+b
The OWS was then determined at the speed when CT equals 0. That is, the OWS,,, could be observed as follow:
OWS,,, = -6/2a
Based on the F'r equation and the quadratic equation, we also calculated a rehabilitation index (RI), to assist in the
rehabilitation of individuals with walking limitations, whether physical or metabolic. We assumed that the rehabilitation
procedure should target an increase in walking speed, with the goal of bringing the patients’ walking speed closer to the OWS.
We suggest that, should a gas analyzer be available, the following equation may be used to precisely calculated the
experimental rehabilitation goal (RIL,,), based in quadratic equation:

RI,,, = SSWS/ OWS

exp exp*®

100
Otherwise, if a gas analyzer is not available, we can calculate a theoretical rehabilitation goal (RI,,.,,), based on the
Frequation:
RI

= SSWS/ OWS 100

theor theor*

For both RI, the closer to 100% this result gets the closer to OWS will the subject be.

Data Analysis
All values are expressed as mean + SE, unless indicated. Based on the results of a previous study’ we estimated a
sample size of at least 12 individuals per group, to detect a difference in CT of 20 %, with a power of 80% and an alpha of

0.05. Comparisons between patient and control characteristics were carried out by unpaired #-test. To compare data of walking

speed, walking cost, and V /V CO,, repeated measures analysis of variance was used. When appropriate multiple

comparisons were made with the Bonferroni correction.
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Results

Participants’ characteristics

Table 1 shows that CHF patients and controls were well matched for age and sex distribution. Patients with CHF had
moderate reduction of left-ventricular systolic function and mild impairment in functional capacity. SSWS was lower in

patients with CHF and the CT was higher in this group. All CHF patients were studied under currently recommended medical

therapy. As expected, VOZPeak was significantly higher in the control group. The VE/V CO, slope was higher in CHF
patients. Peak heart rate was higher on the control group. RI,, and Rly,, were significantly lower in controls. Since the

controls presented higher RI, this indicates that these subjects are walking closer to their OWS than CHF patients.

Walking Transport Cost Protocol

Figure 1 presents the CT in CHF patients and controls. As expected, controls presented the lowest CT at the SSWS. In
contrast, CHF patients presented the lowest CT at speeds above their SSWS. On average, SSWS of CHF patients was 0.75 +
0.14 m/s; their 2 speeds below were 0.46 +0.03 and 0.60 + 0.03 m/s; their speeds above were 0.87 = 0.04 and 1.01 +0.03 m/s.
Controls’ SSWS was 0.97 = 0.07 m/s and their 2 speeds below were 0.71 + 0.06, and 0.84 + 0.07 m/s; their speeds above were

1.11 £ 0.07, and 1.28 + 0.08 m/s. The lowest CT in CHF patients occurred at an absolute speed of 0.87 + 0.04 m/s, which is

similar to the OWS of the controls (0.97 + 0.07 m/s). Both groups presented the lowest V e V CO, at the SSWS.

Discussion

The major new finding of this study is that, as opposed to healthy individuals, who choose a SSWS which results in
the lowest CT, CHF patients choose a SSWS which results in a higher CT, but with a lower ventilatory cost. To the best our
knowledge, this is the first study that has demonstrated the importance of the ventilatory cost in the choice of SSWS for CHF
patients.

Most of the literature on the influence of CT in the SSWS has evaluated young, healthy individuals.”® As found in our
control group, these studies have consistently shown that the SSWS corresponds to the lowest CT. In older healthy controls
(above 70 years old) walking CT is higher than on younger ones, while the SSWS is lower."*'® The findings of our healthy
individuals extend previous observations and suggest that the influence of the CT on the choice of the SSWS is not influenced
by age.

Margaria'’ described walking as an inverted pendulum. In this model, the potential energy and kinect energy

continuously exchange, resulting in a total mechanical energy (total energy is the sum of potential energy and kinect energy),
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with a smaller change over the stride with respect to the two components taken separately. The so-called energy recovery that
quantifies the ability to save mechanical energy by using a pendulum-like paradigm.® While in ideal pendulums the energy
exchange is complete (recovery is 100%), the path of the centre of mass of the body in walking resembles the motion of a
pendulum, with losses associated both with deviation from an ideal system and with the transition from one swing to the next.”!
However the real energy recovery is moderately high (above 60%) and depends on stride length and walking speeds. This
maximal recovery of energy is associated with the most economical speed.'

In contrast to the healthy individuals, our CHF patients chose a SSWS with a higher CT, but with a lower ventilatory
cost. The mechanisms responsible for this choice are not readily apparent from our data. However, a possible explanation for
these patients” SSWS is the ventilatory efficiency, since it is well established that CHF patients have an abnormal ventilatory
response to exercise due primarily to alterations in breathing pattern and excessive hyperventilation when compared with
healthy subjects.®**** Thus, despite of a higher CT, our patients chose a SSWS which resulted in lower ventilatory cost.

Interventions may improve walking speed in CHF, with potential impact in the SSWS. Several controlled clinical

25 improve

trials have repeatedly shown that different medical interventions, including medications and device implantation,
the 6 min walking speed. Non-pharmacologic interventions, such as aerobic exercise training also improve walking speed.”®
Likewise, inspiratory muscle training may increase the 6-min walk test and ventilatory efficiency.® Beneke and Meyer’
evaluated CHF patients before and after a 3-week training program, which included cycle ergometer and treadmill exercises, as
well flexibility, muscular movement co-ordination, and isometric contractions of small muscle groups. This resulted in
significant walking economy and improvement in SSWS.

To assist in the management of these patients, both clinically and on training, we propose on this study a measure that
we called the RI. Both the theoretical and the experimental RI values were closer to 100% in the control group, which may
indicate that these subjects are walking closer to their OWS. With this finding we suggest that the theoretical RI may be a
simple and easy method for everyday usage to establish a goal for cardiac rehabilitation in CHF.

Some limitations can be found in this study. A possible difference between the ground and the treadmill SSWS may
have influenced the results. However, this difference is known, as cited on the methods section. Our patients had only mild

reduction in function capacity; therefore our findings may not be generalized to patients with more advanced CHF. However,

with contemporary management, most patients in heart failure clinics have similar profile.

Conclusion
In conclusion, contrary to what happens with healthy subjects, where the SSWS has the lowest CT, CHF patients
choose a SSWS with a higher CT, but with lower ventilatory cost. These findings suggest that interventions that enhance

ventilatory efficiency may increase the patients’ SSWS and improve their quality of life.
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Table 1. Characteristiscs of controls and patients with chronic heart failure

Controls CHF P
(n=17) (n=17)
Age, yr 611 58+1 0.065
Weight , kg 772430 76.1+3.1 0.649
Sex (female/male) 4/13 4/13 -
Height, cm 1712 166+2 0.280
Echocardiography
Left ventricular ejection fraction, % - 3242 -
Medications - -
Beta-blockers - 17 -
Diuretics - 15 -
ACE-I/ARA - 17 -
Digoxin - 7 -
Anticoagulants - 8 -
Cardiopulmonary exercise data
V 0, o ml/kg.min 32+1 23x1 0.001
V o/ V CO, slope 28+1 32+1 0.049
Peak expiratory exchage ratio 1.22+0.01 1.15+0.02 0.083
Peak heart rate, % of predicted 111%1 86+3 0.009
Peak heart rate, bpm 177+1 140+4 0.001
Walking cost protocol data
Leg length, m 0.91+0.01 0.87+0.01 0.436
Froud number 0.12+0.01 0.07+0.01 0.004
OWS Froud, m/s 1.50+0.01 1.46+£0.01 0.339
OWS quadratic equation, m/s 1.20+0.03 1.16+0.05 0.258
Theoretical rehabilitation index, % 66+4 51+2 0.002
Experimental rehabilitation index, % 82+3 633 0.001
SSWS, m/s 0.98+0.30 0.75+0.14 0.002
Cost of transport at the SSWS, J/kgm 2.10+0.13 2.73+0.15 0.050
V 02 at the SSWS, ml/kg.min 6.32+0.43 5.93+0.32 0.137

Data are mean + SE or number of subjects. CHF, chronic heart failure; ACE, angiotensin converting enzyme inhibitor; ARA,
angiotensin receptor antagonist; V Oypeax» Peak oxygen uptake; V &/ V CO, slope, minute ventilation to carbon dioxide

production slope; OWS Froud, optimal walking speed calculated by Froud number; OWS quadratic equation, optimal walking
speed by quadratic equation; SSWS, self-selected walking speed.
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Figure Caption

Fig.1. Cost of transport (upper panels) and ventilatory efficiency, evaluated by the ventilatory equivalent

for carbon dioxide (V & 1% CO,) (lower panels) for healthy controls (left panels) and patients with chronic

heart failure (CHF) (right panels) during five speeds. In CHF patients, the walking cost was higher at the

self-selected walking speed (SSWS), but the VE/V CO, was lower in SSWS as in controls. The bars

connecting points identify statistical significance in the Bonferroni test.

>

w
o

Controls

N
©
L

N
o
!

N
IS
L

N
N
L

N
o
L

36

ANOVA, P=0.003
|

w
A
)

w
@
!

w
N
1

31 A

30

ANOVA, P=0.016

_1.0 0.5 SSWS +0.5 +1.0

Speed (m/s)

CHF patients

3.2

3.0 4

2.8 4

2.6 4

2.4 4

224

2.0

ANOVA, P=0.001

35

33 4

32 4

31 4

30 -

-1.0

-0.5

I
SSWS

Speed (m/s)

I
+0.5

ANOVA, P<0.001
| J

+1.0






