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RESUMO

Objectivo: O objectivo deste trabalho foi
estudar a funcéo dos musculos respiratérios
em doentes com insuficiéncia cardfaca
esquerda moderada (ICE), e o seu contributo
para a génese do cansaco e da dispneia.
Concepgdo do estudo: Estudo prospectivo
comparativo entre doentes com ICE e
normais.

Doentes: Estuddmos 10 doentes do sexo
masculino, com insuficiéncia cardiaca
esquerda (GI), classe II e 11l da NYHA, com
idade média de 65.6+6.9 anos e 10 controles
- normais, sem patologia cardlo-pulmonal
(GI1), com idade média de 64.5+4.9 anos.

Material e métodos: Utxhzamoc métodos
dependentes da vontade com determinacoes
das pressdes méaximas expnatonas (PME) ao
- nivel da Capacidade Pulmonar Total e
lnsplraténas (PMI) ao nivel da Capacidade
Residual Funcional, das pressoes através de
sniff nasal (SNIFF-N) e da pressio de sniff
_esofigico (SNIFF-E). Determindmos
igualmerife as pressoes transdiafragmaticas
(TwPDI). Com os métodos independentes da
vontade, utilizando a estimulaciio magnética
cervical do frénico ao nivel da CRF
determindmos a pressdo Twitch esofdgica
(TwPes), a Twitch gastrica (TwGas) e a Twitch
transdiafragmatica (TwPDI).

Resultados: No que concerne 2s pressdes
dependentes da vontade ndo obtivemos

ABSTRACT

Function of the Respiratory Muscles
in Patients with Left Ventricular Failure

Study Objective: The aim of this paper is to
evaluate the function os respiratory muscles
in patients with moderate left ventricular

failure (LVF), and its contribution to the
_pathophysiology of dyspnea and fatigue.

Design: Prospective comparative study
between LVF patients and a normal control
group.

“Patients: We studled 10 male patients with

LVE (GI), NYHA class II and III, mean age
65.616.9 years, and 10 male controls without

_cardiopulmonary disease (GII), mean age

64.514.9 years.
Methods: We used methods based on

volitional maneuvers: maximal lnsplratory
pressures at FRC (MIP); maximal expiratory
pressures at TLC (MEP); nasal sniff (SNIFF-

N); esophageal sniff (SNIFF-E); and
transdiaphragmatic pressures (SNIFF-PDI).
We also used methods based on non-
volitional maneuvers, usifig cervical
magnetic stimulation of the phrenic nerves,
measuring esophageal twich (TwPes), gastric
twitch (TwGas) and transdiaphragmetic

twitch (TwPDI).

Results: With volitional maneuvers we did
not find statistically significant differences in
MEP (cm H.0): GI - 136138; GII -
145.5+36.8; p=NS or in MIP (ecm H:0): GI —
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diferencas significativas da PME (¢cmH:0):
GI - 136£38; GII - 145.5+36.8: p=NS e da
PMI (emH:0): GI — 73.720.7; GII -
87.1£11.7; p=NS; Estas foram no enlanto
inferiores as obtidas através da técnica do
sniff. Obtivemos uma pressio
significalivamente menor nos doentes com
ICE do SNIFF-N(emH.0): GI - 87£10.7; GI1
- 99.4+18.5; p<0,04 ndo atingindo
significancia para o SNIFF- E (emH:0): GI —
88.9%11.5; GII — 97.117.2; p<0,1; Utilizando
a técnica nio dependente da vontade, com
estimulagdo magnética do frénico nao
encontramos diferencas na pressio
transdiafragmética TwPDI (cmH:0): GI -
19.9+4.42; GII — 24.24+8.9; p=NS, mas a
comparticipac¢do do diafragma para essa
mesma pressdo fol significativamente menor
nos doentes com ICE, uma vez que se
registou uma diferenga no TwPes (cmH,0):
Gl — 10.6+2.4; GII — 15.6%5.8; p<0,01; Nao
se registaramn diferencas entre o SNIFF nasal
e esofdgico.

Conclusoes: A comparticipagio do

diafragma para a ventilac¢do total é normal
nos doentes com ICE moderada, uma vez
que ndo ha diferencas na pressao
transdiafragmatica. Contudo, a sua
comparticipa¢ao para gerar pressoes
negalivas inlra-toracicas € menor uma vez
que hd uma diminui¢do significativa do
TwPes e do SNIFF-N. O diafragma parece
pois, ser o primeiro musculo inspiratério a
ser afectado na ICE moderada, uma vez que
a fung@o tolal dos mdsculos inspiratérios estd
conservada visto ndio haver diferengas nas

PMI e PME.
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INTRODUCAO

OS pardmetros classicamente descritos como
geradoves de dispneia em doentes com in-
suficiéncia cardfaca esquerda tém pouca corre-
lagdo com indices de func¢do ventricular es-
querda™*. Ulimamente, surgiram na literatura
trabalhos que referem alteracdes dos misculos
respiralérios como polencialmente geradores
de dispneia e cansago neste grupo de doentes * .
No entanto, estes dados baseiam-se na de-

73.7£20.7; GII - 87.1+11.7: p=NS. However,
these values were lower than those obtained
with sniff maneuvers. We obtained a
significantly lower pressure of SNIFF-N

(em H:0): GI - 87£10.7; GII - 99.4£18.5;
p<0.05 but not of SNIFF-E (¢cm H:0):

Gl - 88.9+11.5; GII - 97.1£17.2; p<0.01.
With non-volitional maneuvers, using
cervical magnetic stimulation we did not find
a significant difference for TwPDI (em H:0):
Gl - 19.9+4.42; GII - 24.2+£8.9; p=NS, but
the contribution of the diaphragm to
transdiaphragmatic pressure was lower in
patients with LVE when the TwPes was lower
(em H20): GI - 10.6£2.4; GII - 15.6+5.8;
p<0.01. There were no significant
differences between SNIFF-N and SNIFF-E.

Conclusions: The contribution of the
diaphragm to total ventilation in patients
with moderate LVF is preserved, as there is
no difference in TwPDI. However, their
ability to generate negative intra-thoracic
pressures decreases since there is a
significant decrease i TwPes and SNIFF-N.
It therefore appears that the diaphragm is the
first inspiratory muscle to be affected in
moderate LVE, since the total respiratory
strength is preserved asassessed by MIP and

MEP.
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INTRODUCTION

he factors classically described as causing

dyspnea in patients with left ventricular
failure (LVF) show little correlation with indi-
ces of left ventricular function™?. Recently
studies have appeared in the literature that 1n-
dicate alterations in the respiratory muscles as
potential causes of dyspnea and fatigue 1n
2 However. these data are
based on volitional maximal pressures that are

these patients




terminagio de pressdes médximas, dependentes
da vontade, de dificil execugdo e a sua inter-
pretagio levanta reservas, uma vez que nfio se
pode excluir uma activagio sub-médxima dos
miisculos respiratérios @ %, Resultados mais
consistentes sdo obtidos se o doente realizar
um curto sniff méximo durante o qual é me-
dido a pressdo nasal, esofdgica ou transdiafrag-
mética @, Esta técnica é de mais facil execuggo
e Tornece informacgio mais especffica do dia-
fragma, que é o musculo inspiratério mais im-
portante.

Quer as pressdes mdximas quer o sniff sio
dependentes da vontade, pelo que a aplicagéo
de técnicas ndo dependentes, como a estimula-
¢do magnética do frénico sdo importantes para
o estudo da fungdo diafragmética®. Assim,
conduzimes este ensaio com aplicagio de todas
estas técnicas para avaliar a fun¢io dos mus-

_culos respiratérios em doentes com insuficién-
cia cardfaca esquerda, com o objectivo de es-
tudar a forga global dos mtisculos respiratérios
e em particular o diafragma, em doentes com
insuficiéneia cardfaca compensada.

MATERIAL E METODOS

Estuddmos 10 doentes do sexo masculino
com ICE estdvel com idade média de 65.616.9
anos, seleccionados numa consulta externa de
cardiologia, sem histéria de patologia respira-
téria e sem qualquer agudizag¢fo no dltimo
més, encontrando-se na altura do diagnéstico,
7 em Classe II da NYHA e 3 em classe III. A
duragfio média da doenca era de 3.6+1.2 anos.
Todos os doentes estavam sob medicagdo com
diuréticos, inibidores da enzima de conversio
da angiolensina e digitdlicos.

0 grupo de conirole era composto por 10
individuos do sexo masculino, com idade mé-
dia de 64.534.9 anos, seleccignados numa
consulta de reumatologia, com o diagnéstico de
osteoartrose periférica e sem histéria de pato-
logia cardio-pulmonar. O ECG e o RX do térax
eram normais.

Todos deram a seu consentimento por es-
crito.

Avaliagdo nutricional

A avaliagdio nutricional baseou-se na deter-
minagfio do Indice de Massa Corporal (LM.C.)
definido pela razio entre o peso em quilogra-
mas e o quadrado da altura em metros. Sendo
os valores da normalidade entre 20 a 24 Kg.m™.
Valores inferiores a 20 Kg.m? apontavam des-

difficult to determine and to interpret, since
the possibility of sub-maximal activation of
respiratory muscles cannot be ruled out®®.
More consistent results are obtained when the
patient performs a brief maximal sniff during
which nasal, esophageal and transdiaphragma-
tic pressures are measured. This technique is
easier to perform and provides more specific
information on the diaphragm, which is the
most important inspiratory muscle,

Both maximal pressures and sniffs are voli-
tional, and non-volitional techniques such as
magnetic stimulation of the phrenic nerve are
important for the study of diaphragmatic func-
tion ®. In this study we therefore applied all
these techniques to assess respiratory muscle
function in patients with left ventricular fail-
ure, with the aim of studying the overall
strength of the respiratory muscles and, in par-
ticular, the diaphragm, in patients with com-
pensated heart failure.

METHODS

We studied 10 male patients with stable
LVF, mean age 65.636.9 years, selected from a
cardiology outpatient clinic, with no history of
respiratory pathology and with no worsening of
symptoms in the previous month. At the time
of diagnosis, 7 were in NYHA class II and 3 in
class III. The mean duration of the disease was
3.611.2 years. All the patients were being me-
dicated with diuretics, angiotensin-converting
enzyme inhibitors and digitalis.

The control group was made up of 10 male
subjects, mean age 64.534.9 years, selected
from a rheumatology clinic, diagnosed with pe-
ripheral osteocarthritis and with no history of
cardio-pulmonary pathology. ECG and chest X-
ray were normal. -

All patients gave their written consent.

£ 4
Nutritional assessment

Nutritional assessment was based on calcu-

lating the Body Mass Index (BMI), defined as

the ratio between weight in kilograms and the
square of height in meters. Normal values are
between 20 and 24 Kg.m?. Values lower than
20 Kg.m® suggest under-nutrition, while a BMI
of over 25 Kg.m? indicates excess weight, with
figures over 30 Kg.m? indicating obesity.

Assessment of strength
of respiratory muscles

The strength of the respiratory muscles was
assessed indirectly through determination of
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nutricio e acima de 25 Kg.m? excesso de peso,
considerando-se existir obesidade quando, na
presenca de um LM.C. superior a 30 Kg.m?®,

Avaliaciio da forca
dos misculos respiratdrios

A forga dos musculos respiratérios foi ava-
liada, de forma indirecta através da determina-
¢8o da pressdo gerada pela sua contracggo.
Para isso recorremos a vdrios métodos, que
discriminaremos consoante as condigdes e ca-
racteristicas da sua realizagdo, em dois grupos:
métodos dependentes da vontade e métodos
n#o dependentes da vontade.

Dentro dos métodos dependentes da von-
tade efectudmos a determinagio das Pressbes
Maximas Respiratérias, a Pressio mdxima de
Sniff Nasal (SNIP) ¢ as Pressfes méximas de
Sniff invasivas (pressdo esofdgica, pressdo gds-
trica e pressdo transdiafragmatica). Como mé-
todo nido dependente da vontade recorremos &
determinag#io das pressdes esofégica, gdstrica e
iransdiafragmadtica, resultantes da estimulagao
magnética bilateral do nervo frénico.

As pressoes foram determinadas mediante a
utilizag@o de dois transdutores de pressdes
(MP 45; Validyne, Northridge. CA), na gama
(0-350 ¢mH:0). Estes transdutores foram cali-
brados diariamente, introduzinde um sinal de
pressdo, na gama da medi¢do, em paralelo com
uma coluna de merciirio, fazendo-se posterior-
mente a conversdio para cmH:0. Foram consi-
derados lineares para essa gama de pressdes.

Os sinais analégicos foram digitalizados
através da mesma placa analégica/digital
sendo os sinais digitais igualmente proces-
sados pelo software de aquisi¢io de dados
(CODAS; DATAQ Instruments Inc., OH), de
todo a permitir a visualizagio das curvas de

pressao em tempo real. .
- 3

METODOS DEPENDENTES

DA YONTADE

Para a determinagdio das pressfes mdximas
respiratérias estdticas, a nivel da boca, utiliza-
mos pecas bocais tipo mergulhador, ligadas a
um via aérea cilindrica ocluida na outra extre-
midade e com um pequeno orificio de 1 mm, a
fim de impedir o encerramento da glote ®19. A
peca cilindrica estava conectada a um dos
transdutores de pressdo.

Para a determinagfio das pressves de sniff
nasal utilizdmos o mesmo transdutor de pres-
sdo j4 referido para a determinagdo das pres-

the pressure generated by their contraction,
To this end we used various methods, which
we divided, according to their characteristies
and the conditions under which they were
performed, into two groups: volitional and non-
volitional methods.

Using volitional methods we determined
maximal respiratory pressures, maximal nasal
sniff pressures (MNSP) and maximal invasive
sniff pressures (esophageal pressure, gastric
pressure and transdiaphragmatic pressure). As
a non-volitional method we determined eso-
phageal, gastric and transdiaphragmatic pres-
sures through bilateral magnetic stimulation of
the phrenic nerve.

The pressures were determined using two
pressure transducers (MP 45; Validyne, North-
ridge, California), in the range (0-350 cm I.0).
These transducers were calibrated daily by intro-
ducing a pressure signal from the range being
measured in parallel with a mercury column, and
subsequently converting to cm He0. They were
considered linear for this range of pressures.

The analog signals were digitized by the
same analog-to-digital board, with the digital
signals being processed by data acquisition
software (CODAS; DATAQ Instruments Inc.,
Ohio), in order to enable visualization of the
pressure curves in real time.

VOLITIONAL METHODS

To determine the maximal static respiratory
pressures at the mouth, snorkel-type mouth-
pieces were used, linked to a cylindrical air-
way occluded at the other end with a small
opening of 1 mm, in order to prevent the clos-
ing of the glottis ®*V. The cylindrical piece was
connected to one of the pressure transducers.

To determine nasal sniff pressures, the
same pressure transduder were used as that
used to determine maximal respiratory pres-
sures. The interface between the subject and
the transducer was a Foley n°. 12 pediatric
probe (Bardia, Barcelona, Spain).

To determine invasive esophageal and gas-
tric pressures, catheters with coupled balloons
connected to the two pressure transducers were
used, enabling the respective pressure curves
to be observed in real time.

Determination of maximal respiratory
pressures at the mouth

For this purpose; the subjects were seated
and wore a nose peg. During the maneuvers,




sOes médximas respiratérias. A interface entre o
doente e o transdutor foi uma sonda de Folley
pediatrica n.” 12 (Bardia, Barcelona, Espanha).

Para a determinagfio das pressdes invasivas
esofdgica e gdstrica utilizdmos cateteres com
baldes acoplados, que eram conectados aos
dois transdutsres de pressdio, sendo possivel
também a visualizagdo, em tempo real, das res-
pectivas curvas de pressdo.

Determinaciio das pressées maximas
respiratorias a nivel da boca

Para a sua determinagfio os doentes encon-
travam-se na posigdo de sentados e usavam uma
mola nasal. Durante a realizagdo das manobras,
eram encorajados verbalmente a fim de atingi-
rem valores médximos, cujas curvas de pressdo
podiam visualizar no monitor do computador. A
visualizac@o grafica das curvas de pressdo fun-
clonava como estfmule visual, a fim de aumen-
tar o grau de colaboragdo do doente .

A Pressdo Méxima Expiratéria (PME) foi
medida a nivel da Capacidade Pulmonar Total
(CPT) e a Pressdo Méxima Inspiratéria (PMI)
foi calculada a nivel da Capacidade Residual
Funcional) segunde metodologia descrita por
nés previamente &3,

Tanto para a PME como para a PMI foram
realizadas, pelo menos trés manobras até a esta-
bilizagg@o dos valores de pressdo. Foi escolhido o
valor mais elevado, desde que mantido, pelo
menos, por um periode de um segundo ®*. Se a
diferenga enire o melhor valor e o segundo me-
lhor fosse superior a 5%, eram realizadas mais
manobras até um méximo de cinco®.

Determinacdo das pressdes maximas

de sniff

Esta técnica foi inicialmente descrita ©,
mantendo uma naygna obstruida, com um tam-
pdo de material sélido, sendo a pressio colhida
através deste tampdoe, enquanto o individuo
efectuava um sniff méximo através da outra na-
rina livre.

Efectudmos uma variante desta técnica, re-
correndo a uma sonda de Folley pediatrica que
foi introduzida numa das narinas e que era in-
suflada até obter uma oclusdio perfeita, ligando
a outra extremidade ao mesmo transdutor de
pressdo utilizado para a determinacéo das
pressies respiratdrias estdticas.

Os sniffs foram realizados a nivel da FRC,
ou seja no final duma expiragio em volume
corrente. Pedia-se aos individuos para, na po-

they were verbally encouraged to reach max-
imal values, the pressure curves being visible
on the computer monitor. The graphical image
of the pressure curves acted as a visual stimu-
lus, in order to increase the subject’s degree of
collaboration ™,

Maximal Expiratory Pressure (MEP) was
measured at total pulmonary capacity (TPC),
and Maximal Inspiratory Pressure (MIP) was
calculated at functional residual capacity
(FRC) following the methodology previously
described by us®.

For both MEP and MIP, at least three ma-
neuvers were performed, until the pressure va-
lues stabilized. The highest value was chosen
so long as it was maintained for a period of at
least one second ®'*. If the difference between
the best value and the second best was greater
than 5%, further maneuvers were carried out,
to a maximum of five 4,

Determination of maximal sniff pressores

This technique, as initially described @,
consisted of blocking one nostril with a plug
of solid material, the pressure being read
by means of this plug, while the subject
performed a maximal sniff through the other,
open nostril. '

We performed a variation of this technique,
using a Foley pediatric probe which was intro-
duced into one nostril, and then inflated until
the nostril was completely blocked; the other
end was connected to the same pressure trans-
ducer used to determine the static respiratory
pressures.

Sniffs were carried out at FRC, that is at
the end of an expiration of normal volume. The
subjects, in a seated position, were requested
to perform a maximal sniff maneuver, that is a
rapid inspiration with the greatest possible
force through the nose, keeping the mouth

closed. A nose peg was not used. An interval

of 30-45 seconds was left between sniffs.
As many sniffs as necessary were performed
until no increase in the values attained was
observed, these values being reproducible 2.
Around 15 sniffs on average were made by
each subject. None of the subjects included in
this study were familiar with the sniff maneu-
ver. As sniffs are volitional maneuvers, the
sniff of greatest amplitude was selected for
analysis ®,

Measurement of esophageal pressure (Pes)
is an indirect way of measuring intrathoracic
pressure. Simultaneous determination of gas-
tric pressure (Pgas) enables transdiaphragmatic
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si¢iio sentada, realizarem uma manobra de sniff
méximo, ou seja, uma inspiragio rdpida, com a
maior forga possivel, através do nariz e man-
tendo a boca fechada. N#o se usou mola nasal.
Entre cada sniff esperava-se um intervalo de
30-45 segundos. Efectuaram-se tantos sniffs
(uantos os necessirios alé nfo se verificar
acréscimo no valor dos mesmos, havendo re-
produtibilidade no valor alcangado . Efectua-
ram-se em média cerca de 15 sniffs, em cada
doente. Nenhum dos doentes incluidos no es-
tudo estava familiarizado com a manchra do
sniff. Como os sniffs sdo manobras dependentes
da vontade, para andlise seleccionou-se o sniff
de maior amplitude %9,

A determinagfio da pressdo esofdgica (Pes)
representa uma forma indirecta de medigéo da
pressio intra tordcica. A determinacéio simult-
nea da pressdo gdstrica (Pgas) permite, con-
forme referido abaixo, a obtengfio da pressio
transdiafragmética. O método mais vulgar-
mente utilizado para a medigdo da Pes e da
Pgas assenta no recurso a balges de ldtex aco-
plados a cateteres que transmitem a pressdo no
baltio, a transdutores de pressao.

Utilizdmos baltes de ldtex de paredes finas,

“com 10 em de comprimento e acoplados a caté-

teres com o comprimento de 110 em (Jaegger,
Wiirzburg, Alemanha). Os cateteres foram liga-
dos por torneiras de trés vias aos dois transdu-
tores de pressdo. Os sinais de pressdo e volume
foram registados e digitalizados a 100 Hz.

Os cateteres para determinacfio das pressdes
esofdgicas e géstricas foram inseridos através
de uma das narinas, ap6s administragio de
anestesia Jocal, com lidocaina a 2% em gel, a
nivel do nariz, e em nebulizacdo, a nivel da fa-
ringe e hipofaringe. Foi utilizada a técnica de
Miller ® sendo a posigio dos cateteres verifi-
cada utilizando os critérios recomendados "),

Uma vez nas respectivas posi¢des definiti-
vas, sinstilava-se através de uma setinga, 0,5
em de ar no baldo esofdgico e 2 cm, no gés-
trico. A amplitude da pressfio esofigica e gds-
trica foi medida como a diferenca entre o valor
do pico aleangado por cada curva de pressdo e
o valor basal precedente. As pressdes esofdgi-
cas e as gdstricas foram obtidas apés reali-
zagdo de sniffs nasais. As manobras de sniff
méximo *® foram repetidas até se obterem 3
mediges com menos de 5% de variabilidade.

A pressio transdiafragmética (SNIFF-PDI)
foi obtida por subtracgio eléctrica dos SNIFF-
Pes e SNIFF-Pgas, tendo side o seu processa-
mento posterior & realizacio das manobras que
conduziram 2 sua determinagio.

pressure to be calculated, as described below.
The most commonly used method to measure
Pes and Pgas is based on the use of latex bal-
loons coupled to catheters that transmit the
pressure in the balloon to pressure trans-
ducers.

We used thin-walled latex balloons, 10 c¢m
long, coupled to catheiers with a length of 110
cm (Jaeger, Wiirzburg, Germany). The cathe-
ters were linked by three-way taps to two pres-
sure transducers. The pressure and volume
signals were recorded and digitized at 100 Hz.

The catheters for measuring esophageal and
gastric pressures were inserted via a nostril,
after administration of local anesthetic (2% li-
docaine gel in the nose and spray on the
pharynx and laryngopharynx). Miller's tech-
nique ® was used, with the position of the
catheters being checked using the recommen-
ded criteria "',

Once the catheters were in their correct po-
sitions, a syringe was used to introduce 0.5
cm® of air into the esophageal balloon and 2
cm® into the gastric balloon. The amplitude of
esophageal and gastric pressures was mea-
sured as the difference between the peak value
reached by each pressure curve and the preced-
ing baseline value. The esophageal and gastric
pressures were obtained after the performance
of nasal sniffs. The maximal sniff maneuvers 09
were repeated until three measurements were
obtained with less than 5% variation.

The wransdiaphragmatic pressure (SNIFF-
PDI) was obtained by electrical subtraction of
SNIFF-Pes from SNIFF-Pgas, and was calculat-
ed after the maneuvers that enabled it to be
determined.

NON-VOLITIONAL METHODS

Bilateral magnegic phrenic
nerve stimulation

Bilateral magnetic stimulation of the phre-
nic nerve was performed with a Magstim 200
magnetic stimulator (Magstim Co. Ltd, Whit-
land, UK} and a 90 mm coil, using maximurn
discharge. This apparatus stimulates the neu-
romuscular structures by inducing electric cur-
rents (9-19 mA/em?, at a frequency of 0.2 Hz)
in the tissue within a magnetic field of short
(<1 ms) duration. The magnetic field at max-
imum discharge is 2.0 Tesla®.

In order to induce bilateral stimulation of

the phrenic nerve @, we used a cireular 90 mm
coil (P/N 9784-00) connected to the Magstim




METODOS INDEPENDENTES
DA VONTADE

Estimulagiio magnética bilateral
do frénico

A estimulacdo magnética bilateral do fré-
nico foi efectuada utilizando um estimulador
magnético Magstim 200 (Magstim Co. Lid,
Whitland, Reino Unido) e uma placa de 90
mm, utilizando uma descarga méxima. Este
aparelho estimula as estruturas neuromuscula-
res, por indugio de correntes eléctricas (9-19
mA/em?, com uma frequéncia de 0,2 Hz) no te-
cido abrangido por um campo magnético de
curta duragfio (<1 ms de duragdo). A nivel da
descarga méxima o campo magnético é de 2.0
Tesla®.

A fim de induzirmes a estimulagdo magné-
tica bilateral do frénico @, utilizémos uma
placa circular de 90 mm (P/N 9784-00) conec-
tada ao Magstim 200, posicionada a nfvel da
regidio cervical, sobre as apéfises espinhosas.
O melhor local para a estimulagdo era procu-
rado mobilizando a placa para baixo e para
cima entre C5 e C7, com o individuo sentado e
mantendo o pescogo flectido a cerca de 60°. A
zona, através da qual se produziam maiores va-
lores de Pdi, correspondia ac melhor local para
estimulagdo. Uma vez determinado esse ponto,
procedia-se a sua marcagdo, sendo as restantes
estimulactes efectuadas a esse nivel.

Assegurdmo-nos de que o estimulo era mé-
Ximo, por aumentarmos pregressivamente a in-
tensidade de estimulagédo até ndo se obterem
mais aumentos da Pes e Pgas e portanto do
PDI ™. Assegurou-se uma estimulagfio supra
méixima, em todos o0s individuos accionando
o Magstim com uma descarga de 100%.
Aquando da estimulagdo, o doente utilizava
uma mola nasal e sustinha a respiracdo a nfvel
da FRC, mantendo a boca fechada. !

O registo das pressdes estava acessfivel ao
operador, no monitor do computador, de forma
que o doente era estimulado até que se obtives-
sem cinco estimulacgdes satisfat6rias. As pres-
sdes produzidas apds estimulacfio bilateral dos
nervos frénicos (TwPes, TwPgas, TwPDI), eram
definidas pela diferenca entre as linhas de
pressdo basal, imediatamente antes da estimu-
lagdio e o pico de pressfo apds a estimulagFo.

Uma vez que o volume pode afectar a am-
plitude da pressdo de estimulagdio ®, todas as
estimulacdes eram efectuadas a nivel da FRC,
conforme deduzido pela curva da pressdo eso-
fagica no final da expiracdo. Os valores apre-

200 positioned in the cervical region, over the
spinal apophyses. The best site for stimulation
was found by moving the coil upwards and
downwards between C5 and C7, with ihe sub-
ject seated and keeping his neck bent at about
60°. The area in which the highest values of
PDI were produced was the best site for stimu-
lation. Once this spot was determined, it was
marked and the remaining stimulations were
carried out at this point.

We ensured that the stimulus was maximum
by progressively increasing the intensity of the
stimulation until there was no further increase
in Pes and Pgas and hence in PDI®. A super-
maximum stimulation was ensured in all sub-
jects by operating the Magstim at a discharge
of 100%. During stimulation, the patient wore
a nose peg and maintained respiration at FRC,
keeping the mouth closed.

The record of pressures was accessible to
the operator on the computer monitor, so the
patient was stimulated until five satisfactory
stimulations were obtained. The pressures pro-
duced after bilateral phrenic nerve stimulation
(TwPes, TwPgas, TwPDI), were defined as the
difference between the baseline pressure lines
immediately before stimulation and peak pres-
sure after stimulation.

As volume can affect the amplitude of sti-
mulation pressure @, all the stimulations were
performed at FRC, as dediiced from the eso-
phageal pressure curve at the end of expira-
tion. As they are the result of a non-volitional
technique, the values presented are the mean
of the stimulations accepted for analysis.

Cardiac output

Cardiac output (CO) was determined by 2D
Doppler echocardiography. A Toshiba echocar-
diograph was used, employing the formula CO
= Vmax x Area x HR ({L./m). CO was divided
by body surface area to obtain the cardiac in-
dex (CI - L/m/m?).

Data analysis

The data were recorded and digitized at
100 Hz using a 12-bit analog-digital converter
connected to a Pentium-133 personal computer
running CODAS software (DATAQ Instruments
Inc., Akron, Ohio),

To analyze the results, the two groups were
compared using the Student’s T test for indepen-
dent samples, considering significant a confi-
dence interval of 95%, that is p<0.05. The cor-
relation coefficients were also calculated, using
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sentados, dado que reflectem uma técnica in-
dependente da vontade, s&o a média dos valo-
res das estimulagtes aceitdveis para andlise.

Débito cardiaco_

Determindmos, o débito cardiaco (DC) atra-
vés de Ecocardiografia 2D-Doppler. Utilizdmos
um ecocardiégrafo Toshiba, recorrendo a fér-
mula DC = Vmax x Area x FC (L/m). Dividi-
mos o DC pela superficie corporal e obtivemos
o indice cardiaco(IC-L/m/m?).

Anilise dos dados

0s dados foram registados e digitalizados a
100 Hz, mediante a utilizagdo de um conversor
analégico-digital de 12 bits, conectado a um
computador pessoal com processador Pentium
133 apetrechado com o programa de software
CODAS (DATAQ Instruments Inc., Akron, OH).

Para a andlise dos resultados compararam-
se os dois grupos entre si, utilizando o teste ¢
de Student, para amostras independentes, con-
siderando-se como significativo, um intervalo
de confianga de 95%, ou seja um p<0,05. Cal-
culdmos também os coeficientes de correlagio,
método de Pearson, entre as pressdes obtidas e
a classe funcional, duragfio da doenga e indice

cardiaco. O programa estatistico utilizado foi o
SPSS para Windows versdo 5.01, 1989-1992.

RESULTADOS

Os doentes estudados, eram todos do sexo
masculino, tinham uma idade média de 656.9
anos, ¢ uma duragfo média de doenga de doen-
¢a de 3.611.2 anos. Quanto & etiologia da in-
suficiéncia cardiaca, em 6 doentes era hiper-
tensiva e em 4 isquémica. 7 doentes estavam
em classe Il e 3 em classe [II da NYHA. O
Indice de Jassa Corporal era de 285.6 Kg.m?.
0O fndice cardfaco determinado por ecocardio-
grafia era 2.0+20,6 L/m/m>

O grupo de controle tinha uma idade média
sobreponivel 64.5+4.9 anos nao diferindo igual-
mente os dados antropométricos (Quadro I).

Quadro I
Dados clinicos

GI GlI P
Idade (anos) 65,616,9 64,5449 NS
IMC (Kg.m?) 20,6+6,15  27.243.5 NS
BDuragiio da 3,612
doenga (anos) Min?; Max: 6
{ndice cardfaca 2.0240.6
(L/m/m®)

IMC - fndice de massa corporal; Min - Mfnimo; Max - Méximo

Pearson’s method, between the pressures ob-
tained and functional class, duration of disease
and cardiac index. The statistical program used
was SPSS for Windows, version 5.01, 1989-1992.

RESULTS

The patients studied were all male, with a
mean age of 65+6.9 years, and a mean dura-
tion of disease of 3.6x1.2 years. The etiology
of heart failure was hypertensive in 6 patients
and ischemic in 4. Seven patients were in
NYHA class II and 3 in class III. The Body
Mass Index was 2845.6 Kgm? and the cardiac
index as determined by echocardiography was
2.0240.6 L/m/m?,

The control group had a similar mean age,
64.5+4.9 years, and their anthropometric data
did not differ significantly (Table I)-

Table I
Clinical data

GI GII p=
Age (years)) 65.6169  64.5+4.9 NS
BMI (Kg.m?) 2064615 27.243.5 NS
Duration of disease  3.6£1.2  99.47£18.5 0.05
(years) Min?; Max: 6
Cardiax index 2.02406 97.1+17.2 NS

BMI - Body mass index; Min - Minimur; Max - Maximum.

Maximal pressures (Table IT):

Although lower in absolute terms in the pa-
tients with LVF, maximal pressures did not dif-
fer significantly between the two groups: MEP
{cm H:0) was 136.3%£38 in group I and
145.5+36 in group II, p=NS; MIP (cm H:0)
was 73.7424.6 in group I and 87.1¥15.5 in
group II, p=NS.

Table IT
YVolitional methods 5

GI GII p<
MEP (cmH:0) 136.3:38.2 145.5:368 NS
MIP (emH0) 7374246 871155 NS
Sniff-N (emH:0) 87+10.7 9944185 005
Snifl-E (emH:0)  88.9+1L5 97.1+17.2 NS
Sniff-G {emH:0) 10681 3744203 001
Sniff-TDE 1084113 134.3+298 0,01

MEP - Maximal expiratery pressure; MIP - Maximal iuspiratory pressure;
SNIFF - Maximal sniff pressure; N - Nasal; E - Esophageal; G - Gastric;
PDI - Transdiaphragmatic pressure.

Maximal sniff pressures (Table II):

Nasal sniffs (cm H:0) were significantly low-
er in group I, 87410.7, than in group I,




Pressdes maximas: (Quadre II)

Embora de valor absoluto menor, as pres-
sdes méiximas ndo diferiram significativamente
entre os dois grupos: a PME (cmH:0) foi de
136338 no grupo I ¢ 145536 no grupo II
p=NS; a PMI (¢mH-0) foi de 73 724.6 no
atupo I e 87115.5 no grupo II p=NS;

sadro IT

Aérodos dependentes da vontade

I cn p<
PME {cmH:0) 136,3438,2 145,5+36,8 NS
PMI (emH-0) 73,3+24,6 87,1*15,5 NS
Sniff-N (emH-0) 87£10,7 9944185 0,05
Sniff-E (emH:0) 88,9111,5 97,1172 NS
Sniff-G (emI0} 19,648,1 3744203 0,01
Sniff-TDI 108+11,3  134,3+29.8 0,01

PME - Pressio méxima expiratéria; PMI - Pressio méxima inspiratéria;
Sniff - PressZo méxima de sniff; N - Nasal; E - Esofdgica;
G - Géstrico; TDI - Transdiagragmético

Pressdes maximas de Sniff: (Quadro II)

O sniff nasal (cmH:0) foi significativamente
menor no grupo I - 87110.7, que no grupo II
99.47118.5 p<0.05; O sniff esofdgico (cmll:0)
néo diferiu nos dois grupos GI 88.9£11.5 ¢ GI
97.1£17.2; p=NS; enquanto obtivemos diferen-
cas no Sniff transdiafragmatico (cmH-0) Gl
108411.3, GIT 134 629; p<0,0L.

Estimulagfio electromagnética: (Quadro ITI)

O Twitch Esofdgico (cmH:0) obtido foi sig-
nificativamente inferior no Gl 10.632.4 que no
GII 15.6+5.88, p<0.01; e o Twitch transdia-
fragmédtico (ecmH:0) GI 19.9+84.4; GII
24.2+8.9, ndo diferiram significativamente.

Quadro Il
Métodos independentes da vontade

4 GI GIL p< Y
TwPes (cmI0) 10,6424 15,6+5,8 0,01
TwPgas (cmH:0) 93843  §,3%3.7 NS
TwPDI 19,98+4,42 24,2389 NS

TwPes - Twitch esofdgico; TwPgas - Twich géstrico;
TwPDI - Twitch transdiafragmatice

Os valores de pressdo obtidos com as dife-
rentes técnicas nio se correlacionaram nem
com a classe funcional, nem com a duragio da
doenca nem com indice cardiaco.

DISCUSSAO

No nosso estudo, os doentes com insufi-
ciénela cardiaca em classes II e III da NYHA,

99.47+18.5, p<0.05. Esophageal snills {(cm
H:0) did not differ between the two groups: GI
88.9+11.5 and GII 97.1£17.2, p=NS; while we
obtained differences in transdiaphragmatic
sniff (em H20): GI 108+11.3, GII 134.6+29,
p<0.01.

Electromagnetic stimdation (Table III):

The esophageal twitch (cm Hz0) obtained
was significantly Jower in GI, 10.6+2.4, than in
GII, 15.6+5.88, p<0.01; transdiaphragmatic
twitch (cm H:0) — GI 19.98+4.4, GII 24.2+8.9
— did not differ significantly.

Table IIT
Non-volitional methods

Gl cn pe
TwPes (cmH:0) 10.6+2.4 15.615.8 0.01
TwPgas (emH:0) 03843 8.3+3.7 NS
TwPDI 19.98+4.42 24.2489 NS

TwPes - Esophageal twitch; TwPgas - Gastric twitch;
TwPDI - Transdiaphragmatic twitch.

The values of pressures obtained with the
different techniques did not correlate with
functional class, or duration of disease, or with
cardiac index.

DISCUSSION

In our study, patients with heart failure in
NYHA classes II and III presented preserved
overall respiratory pressures. However, we
found data that suggest a statistically signi-
ficant reduction in the strength of the diaph-
ragm.

Measurement of static respiratory pressures
resulting from maximal effort against a blocked
airway reflects the overall strength of the respi-
ratory muscles @, When the airway is occlud-
ed and the glottis opens, pressure at the mouth
equalizes with alveolar pFessure, reflecting the
pressure throughout the respiratory system.

We found lower maximal respiratory pressu-
res than in the control group, but without reach-
ing statistical significance. These results are
comparable to those of other authors @, but
they are difficult to evaluate because of the
heavy dependence of this technique on volition
and consequently on the motivation to perform
it. Other factors, such as adynamia, asthema
and dyspnea®, may lead to a weakened res-
ponse to this technique. Furthermore, patients
with LVF may not wish to cooperate in perform-
ing a maximal effort, resulting in sub-maximal
pressures @,
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apresentam pressdes respiratérias globais con-
servadas. Encontrdmos, no entanto, dados su-
gestivos de uma diminuigdo da forca do dia-
fragma estatisticamente significativa.

A medigio das presses resplraténas estati-
cas resultantes de esforgos mdximos contra uma
via aérea oclufda reflectem a forgca global dos
miisculos respiratérios ®*, Quando a via aérea
é oclufda e a glote se abre, a pressdo a nivel da
boca iguala-se A pressdo alveolar, reflectindo a
pressdo através de todo o sistema respiratério.

Encontrdmos pressdes méximas respiraté-
rias méximas inferiores ao grupo de controle,
mas sem atingir significado estatistico. Estes
resultados s@o sobreponiveis ao de outros auto-
res ®¥, mas sdo de dificil valorizagtio devido 2
gratride dependéncia desta técnica da vontade e
da consequente motivagdo para a sua realiza-
¢fio. Outros factores como a adinamia, astenia
e dispneia® podem condicionar uma fraca
prestagio na realizagio desta téenica. Por ou-
tro lado, os doentes com ICE podem ndo que-
rer colaborar na execugdo de um esfor¢go m4-
ximo, gerando pressdes sub méAximas @.

Estes valores s@o inferiores aos que obtive-
mos com os Sniff, que podem ser explicados
pela menor dificuldade em realizar esta mano-
bra. Em individuos normais, foi demonsirado
que a pressio mdxima de Sniff colhida a nivel
do eséfago era superior 2 PMI, devendo-se
esse facto ao maior recrutamento electromio-
grifico do diafragma ®. Contudo, a determina-
¢do da pressdo esofdgica torna-se limitada uma
vez que requer a colocagdo de um cateter eso-
fagico. Foi, no entanto, demonstrade que existe
uma estreita correlagdo entre a pressio de
Sniff nasofarfngea e a esofdgica ®?, e conse-
quentemente pode-se fazer a determinagfio da
pressdo a nivel nasal ® (Sniff nasal).

A medlgao simultinea da pressio esoféglca
(Pes) e da pressao géstrica (Pgas) permitindé’o
cdlculo da pressd@o transdiafragmética (PDI)
[Pdi = Pgas-Pes], fornece o método mais fidvel
para avaliacsio da forga de contrac¢io do dia-
fragma ®*%, Os valores por nés obtidos para o
SNIFF-PDI, é semelhante ao de ouiros autores®?,
tendo-se registado uma diferenga estatistica-
mente significativa em relagfio ao grupo de
controle. Sugere isto que hd comprometimento
do diafragma neste grupo de doentes. No en-
tanto, este método € igualmente dependente da
vontade e embora nos dé informagéo da forga
do diafragma, reflecte a acgfio sinergistica de
vArios grupos de musculos inspiratérios e expira-
térios.

These values are lower than those obtained
with sniffs, which may be explained by the eas-
ier nature of the latter maneuver. In normal in-
dividuals, it has been demonstrated that the
maximal sniff pressure taken at the esophagus
is higher than MIP, which is due to the greater
electromyographic recruitment of the diaph-
ragm @, However, determination of esophageal
pressure is limited by the fact that it requires
placement of an esophageal catheter. It has
nevertheless been demonstrated that there is a
close correlation between nasopharyngeal sniff
pressure and esophageal pressure®?, and con-
sequently the pressure can be determined at
the nose (nasal sniff).

Simultaneous measurement of esophageal
pressure (Pes) and gastric pressure (Pgas),
enabling calculation of transdiaphragmatic
pressure (PDI) [PDI = Pgas-Pes], provides the
most reliable methed of assessing the contrac-
tile strength of the diaphragm @, The values
we obtained for SNIFF-PDI are similar to
those of other authors ®, with a statistically
significant difference being found in relation to
the control group. This suggests that there is
impairment of the diaphragm in this group of
patients. However, this method is also volitio-
nal and, although it provides information on
the strength of the diaphragm, it involves the
synergistic action of several groups of inspira-
tory and expiratory muscles.

Phrenic nerve stimulation has the advant-
age of being independent of the patient’s de-
gree of motivation, collaboration and coordina-
tion, and thus the resulting transdiaphragmatic
pressure measurement is the most specific
method for assessing the properties of the
diaphragm ©®, Although electrical stimulation
is considered the reference technique for phre-
nic nerve stimulation, it has been increasingly
replaced by magnetic stimtilation, owing to the
latter’s advantages in being less painful and
much easier to perform “2.

Magnetic stimulation is based on the prin-
ciple that an electrical field can be induced in
a conductor by placing the conductor under
the action of a changing magnetic field. The
amplitude of the resulting electrical field de-
pends on the speed of change of the magnetic
field and on the geometry of the conducior. If
the electrical field is of sufficient intensity, it
can stimulate nerve tissue ©39,

Similowski et al. used this principle to de-
velop the technique of magnetic stimulation of
the phrenic nerves ®. This is considered a safe
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A estimulagdo do nervo frénico tem a van-
tagem de ser independente do grau de motiva-
cdo, colaboragdo e coordenagdo do doente,
sendo a medigiio da pressdo transdiafragmaética
resultante, o método mais especifico de avalia-
¢do das propriedades do diafragma®?. Apesar
da estimulag#b-eléctrica ser considerada a tée-
nica de referéncia para a estimulagdo de nervo
frénico, tem vindo progressivamente a ser
substitufda pela estimulacio magnética, devido
a algumas vantagens que esta apresenta, como
o facto de ser menos dolorosa e de muito mais
facil execugdo ™.

A estimulacio magnética é baseada no
principio de que é possfvel induzir um campo
eléctrico num condutor, se este for colocado
debaixo da acg¢iio dum campo magnético em
mudanga. A amplitude do campo eléetrico re-
sultante depende da velocidade de mudanga
do campo magnético e da geometria do condu-
tor. Se tiver suficiente intensidade este campo
eléctrico pode estimular o iecido nervoso ®3,

Similowski et al. utilizaram este principio,
desenvolvendo a técnica de estimulagio mag-
nética dos nervos frénicos ®. £ considerada
uma técnica segura®®, que providencia um
teste nio dependente da vontade, de avaliagdo
da forca do diafragma ©®, Este método de
avaliago da fungdo diafragmética & particular-
mente importante nas situacdes em que se colo-
cam dividas quanto & capacidade de coopera-
¢do para a realizagdo de contracgdes méximas,
nas manobras dependentes da vontade.

Os valores por nds obtidos para o TwPDI
nao diferiram do grupo de controle sendo a
TwPes significativamente inferior. Significa isto
que a comparticipagio do diafragma para a
ventilago total é normal nos doentes com ICE
moderada. Contudo, a sua comparticipagao
para gerar pressfes negativas intra-tordcicas é
menor, uma vez que sef enconira uma diminui-
céo significativa do TwPes. O diafragma parece
pois, ser o primeiro misculo inspiratério a ser
afectado na ICE moderada.

Um dos mecanismos provdveis responsédvel
por este facto poderd ser a mal nutrigdo ®. No
entanto, neste grupo de doentes o IMC estd
conservado. Outro mecanismo poderd ser a di-
minui¢io do débito cardiaco com atrofia mus-
cular, mas nfio obtivemos qualquer correlagéo
entre os dados hemodindmicos e as pressoes.
Estes dados estdo de acorde com outros auto-
res @ %3 pdo havendo inclusive qualquer cor-
relagio com a capacidade ao esfor¢o e com a
dispneia ®.

technique ® that enables a non-volitional test
to be performed to assess the strength of the
diaphragm ¢®. This method of assessing diaph-
ragmatic function is particularly useful in situa-
tions where there are doubts concerning the
extent of the patient’s cooperation in perform-
ing maximal contractions in volitional maneu-
vers.,

The values we obtained for TwPDI did not
differ from the control group, while the TwPes
was significantly lower. This means that the
contribution of the diaphragm to total ventila-
tion is normal in patients with moderate LVE.
However, its contribution in generating nega-
tive intra-thoracic pressures is smaller, since
there is a significant reduction in TwPes. The
diaphragm, then, appears to be the first inspi-
ratory muscle to be affected in moderate LVE.

One mechanism that is probably respons-
ible for this may be malnutrition ®. However,
in this group of patients, BMI is conserved.
Another mechanism may be the reduction in
cardiac output with muscular atrophy, but we
found no correlation beiween hemodynamic
data and pressures. These findings are in agree-
ment with those of other authors %, there 1s
also no correlation with exercise capacity or
with dyspnea®.

The fact that there is not a greater difference
in muscular function, and in particular diaph-
ragmatic function, may be due to a remodeling
of the diaphragm, with an increase of type I fi-
bers (slow oxidative fibers), which are more re-
sistant to fatigue, and a reduction in type II fi-
bers 40, These alterations may result from low
cardiac output or from the inactivity that is cha-
racteristic of many of these patients®*.

On the other hand, all the patients under
study were being treated with angiotensin-
converting enzyme inhibitors, which have been
demenstrated in animals to have a protective
effect on the contractility of the diaphragm “°.

In conclusion, in this group of patients with
moderate LVF, the overall strength of the respi-
ratory muscles is preserved, with a reduction
in the strength of the diaphragm but with nor-
mal transdiaphragmatic pressure. The respira-
tory muscles are not, therefore, responsible for
the dyspnea and fatigue seen in these patients.
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O facto de n#io haver uma diferenca mais
significativa na fungfio muscular e em particu-
lar do diafragma pode dever-se a um remodel-
ing do diafragma, com aumento das fibras do
Tipo I (fibras oxidativas lentas) mais resisten-
tes 3 fadiga, e dinfinuigdo das fibras tipo TT%0-4,
Esta variagiio pode dever-se ac baixo débito
cardiace ou a inactividade que muitos destes
doentes apresentam %,

Por outro lado, todos os doentes estudados
estavam sob terapéutica com Inibidores da En-
zima de Conversiio da Angiotensina II, medi-
camento em relagdo ac qual foi demonstrado
em animais ter um efeito protector sobre a
contractilidade do diafragma “®.

Em conclusdo, neste grupo de doentes com
ICE moderada, a for¢a global dos misculos res-
piratérios estd preservada, encontrando-se dimi-
nufda a forga do diafragma, mas sendo a pres-
sfio transdiafragmatica normal. Ndo s#io pois, os
miisculos respiratérios responséveis pela dis-
pneia ou cansago que estes doentes apresentam.
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