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Resumo

Foram analisados exames de fun¢io pulmonar de 20
asmaticos, em acompanhamento no HU Gaffrée Guin-
le, classificados, segundo o Consenso Brasileiro (2002),
em asma leve persistente ou moderada (9) e grave (11).
Foram obtidos os valores dos pardmetros da espiro-
grafia, da pletismografia e da técnica de respiracao uni-
ca, com metano, para a medida da difusao pulmonar
(DLco). Assim, a capacidade pulmonar total e o volu-
me residual, quando medidos pela pletismografia, fo-
ram designados, respectivamente, CPT, e VR, .
Da mesma forma, quando determinados pela técnica
de respiracao unica, CPT_, e VR ,. A amostra foi cons-
tituida por 13 mulheres e 7 homens, sendo a média de
idade de 47,6 anos. A intensidade da disfuncio, medida

Abstract

We analyzed pulmonary function tests of twenty asth-
matic patients from Gaffrée e Guinle University Hos-
pital, classified according to Brazilian Guidelines for
Asthma (2002), similar to GINA, into mild persistent
or moderate (9) or severe (11) asthma. We obtained
parameters from spirometry, plethysmograph(PL) and
single breath technique for diffusion capacity (SB), with
methane. Total lung capacity and residual volume were
called TLC, and RV when measured by pletysmo-
graphy and TLC, and RV, when determined by sin-
gle breath test. There were 13 women and 7 men with
mean age of 47.6 years. The pulmonary dysfunction
degree to FEV1/FVC was 58.8% with CI95=53.9 to
63.6. The mean values in litres for TLC, (5.94) and
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pela relagio VEMS/CVF foi de 58,8%, com IC95 de
53,9 2 63,6. Os valores de CPT,, (5,94) e VR, (2,55),
expressos em litros e pela média, foram significativa-
mente maiores do que os de CPT, (4,73) e VR, (1,60).
Foram determinadas equagbes de regressio multipla,
para previsdo dos valores de CPT e VR, utilizando
os valores de CPT,, VR, e dos parametros espirogra-
ficos, com coeficientes de regressao significativos. Con-
tudo, a inclusio dos paraimetros espirograficos, excepto
por CVE nao melhorou a capacidade de previsao das
equagoes. Considerando apenas a CPT,, 1’=0,79, a
equagdo ¢é: CPT, =(CPT*1,025)+1,088, com
EP=0,64. A regressio para VR, , com r°=0,23, é:
VR, =(VR*0,9268)+1,012. Os exames realizados
apds a broncodilatacio, com 400mcg de salbutamol,
nao melhoraram as equagoes. Concluimos que a técni-
ca de SB nao da resultados iguais aos da pletismografia
para CPT e VR; contudo, para a CPT, esta diferenca
pode ser prevista.

Rev Port Pneumol 2006; XII (6): 659-667
Palavras-chave: Pletismografia de corpo inteiro, teste

de difusao (DLCO), determina¢io dos volumes pul-
monares, testes de funcdo pulmonar, asma.

Introducéio

RV, (2.55) were significantly higher than for TLC,
(4.73) and RV, (1.66). Multiple regression equations
were determined for TLC, e RV using only single
breath values, TLC , or RV, and spirographic para-
meters, with significant regression coefficients. Howe-
ver, the inclusion of spirometric parameters, except
for FVC, did not improve the predicted capacity for
the equations. Considering only the TLC,, r*=0.79,
the equation is: TLC, =(TLC,*1.025)+1.088, with
EPE=0.64. The regression for RV, r*=0.23, is:
RV, =RV *0.9268)+1.012. The results obtained af-
ter bronchodilation with 400 mcg of salbutamol did
not improve the regression. We concluded that the
SB technique did not obtain the same results as pletys-
mography for TLC and RV, but for TLC this differ-

ence can be predicted.
Rev Port Pneumol 2006; XII (6): 659-667
Key-words: Whole body pletysmography, pulmonary

diffusion test (DLco), pulmonary volumes, pulmonary
function tests, asthma.

Introduction

660

A multiplicidade de técnicas de determina-
¢do de um parametro, justificada por dife-
rentes aspectos fisiopatolégicos e/ou rela-
cdo custo beneficio, geralmente causa
confusio. A determinacio da capacidade
pulmonar total (CPT) e do volume residual
(VR), nao obtidos pela espirografia simples,
aumenta O custo em equipamentos e o tem-
po de exame e de treinamento de pessoal,
muito embora haja inegavel interesse no seu
conhecimento. Assim, em 1978, as varias
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There is a confusing variety of tests which
are designed to measure parameters and which
are justified by varying physiopathological as-
pects and/or the cost-benefit ratio. Although
it is vital to measure total lung capacity (TLC)
and residual volume (RV), it cannot be done
by simple spirometry, meaning increases in the
cost of the equipment needed, the time taken
to carry out the examination and the training
of the technicians involved. This led to the
various techniques for measuring TLC being
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técnicas de determinacao da CPT foram alvo
de interesse da primeira padronizagio de
funcio pulmonar. Os resultados mostraram
que, em individuos normais, os valores ple-
tismograficos de CPT foram semelhantes aos
da técnica de diluicio do hélio e que as dife-
rencgas entre as técnicas de respira¢io Unica,
hélio e nitrogénio, em relacio a pletismogra-
fica, aumentaram com a intensidade da obs-
trucao, acarretando um decréscimo, em mé-
dia e respectivamente, de 16,2 ¢ 19,6%.
Entretanto, o conhecimento adquirido, as li-
mitacOes e as caracteristicas das técnicas es-
tdo cada vez mais restritos a um grupo de
especialistas. Além disso, a melhoria dos equi-
pamentos e, especialmente, o uso do meta-
no, ao invés do hélio, pode ter alterado estes
resultados.

O objectivo deste trabalho ¢ o de determinar
a relagdo entre as medidas de CPT e VR pela
técnica pletismografica e pela técnica da res-
piracdo unica. Ao mesmo tempo, verificar
os factores que promovem esta diferenca, in-
clusive com a mudanca subita imposta pela
broncodilata¢io.

Material e métodos

Foram seleccionados 20 asmaticos para de-
terminacdo dos parametros espirograficos,
pletismograficos e de DLCO, antes ¢ apds a
broncodilatacao. Como critério, além do
diagnéstico comprovado, houve a necessi-
dade de estar em tratamento, ter asma perene,
de leve a grave pelo Consenso Brasileiro?,
semelhante a0 GINA?, e de ter idade entre
20 ¢ 70 anos.

Os exames foram realizados no aparelho
Vmax22, Autobox, da Sensor Medics. As
técnicas das determinacoes seguem as Dire-
trizes Brasileiras*’, com grande concordan-
cia com as internacionais®™*’, A determina-
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part of the first attempt to standardise lung
function in 1978". The results gleaned showed
that the TLC values of normal subjects ob-
tained via plethysmography were similar to
those obtained via helium dilution technique
and that the differences between the helium
and nitrogen single breath techniques as com-
pated to plethysmography increased with the
degree of the obstruction. This triggered an
average decrease of 16.2 and 19.6%. The
knowledge gained and the limitations and
characteristics of these techniques are increas-
ingly restricted to a group of specialists, how-
ever. In addition, improvements in equipment
and in particular the use of methane as op-
posed to helium may have impacted on these
results.

This study aims to sketch the relationship
between the TLC and the RV measurements
via use of plethysmography and single breath
techniques. In addition, we intend to verify
which factors are responsible for the diffe-
rence in the values obtained using the diffe-
rent techniques, including the sudden change
brought on by bronchodilation.

Methods

20 asthmatic patients were selected to have
their spirometric, plethysmographic and
DLCO parameters assessed before and af-
ter bronchodilation. Selection criteria were a
proven diagnosis of asthma, the need for
treatment, persistent asthma classified from
Mild to Severe according to the Brazilian
Guidelines for Asthma? (similar to the
GINA guidelines)® and age between 20 and
70 years old.

The exams were carried out on a Vmax22 Au-
tobox machine from Sensor Medics. The mea-
surement techniques used followed the Brazil-
ian Guidelines ** which do not differ essentially

D E
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O objectivo deste
trabalho € o de
determinar a relacdo
entre as medidas
deCPTe VR

pela técnica
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e pela técnica da
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cao da CPT, ¢ feita pela média das somas
da capacidade residual funcional (CRF) e da
capacidade inspiratéria (CI), sendo que o
volume residual (VR ) € obtido pela subtra-
¢do da capacidade vital ao valor da CPT,, .
Na técnica da respiracdo tnica, a CPT, €
determinada directamente pela diluicio do
metano e o VR, de cada manobra pela sub-
tragdo da capacidade vital alcancada.

Os valores previstos sao os de Knudson e

colaboradores!®

, para as curvas volume-tem-
po e fluxo-volume, ¢ os de Crapo e colabo-
radores'! para a DLCO e para os volumes
pulmonates, incluindo CPT e VR

Os valores sdo apresentados pelas frequén-
cias, médias e intervalos de confianca de 95%.
O teste de aderéncia a curva normal foi o de
Kolmogorov Smirnov. A comparagao de fre-
quéncias foi feita pelo teste do qui-quadrado,
para variaveis nominais, e pelo teste #de Stu-
dent, para variaveis continuas. O nivel de alfa
adoptado para rejeicao da hipotese de nulida-
de foi de 5% ou 0,05. Foram ainda determi-
nadas as correlacoes e as equacoes de regres-
sao linear, simples ou mualtiplas e o grafico
de regressao'!.

Resultados

O Quadro I mostra a predominancia, na
amostra, do sexo feminino, 13/20 pessoas.
A média de idade, de 47,6 anos, e o intervalo
de confianga mostram que a amostra ¢ muito
homogénea neste aspecto. Os valores espi-
rograficos mostram um distarbio obstruti-
vo, VEMS/CVF com média de valores de
58,8, de intensidade moderada, VEMS com
média de 68,9% do previsto, mas sem redu-
¢ao da capacidade vital forcada, 96,5% do
previsto. O quadro mostra, também, que os
valores pletismograficos de capacidade pul-
monar total e volume residual sdo significa-
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from international guidelines *™*’. TLC,, is
determined by measuring the values of func-
tional residual capacity (FRC) and inspiratory
capacity (IC), with the residual volume (RV )
obtained via subtracting the vital capacity from
the TLC,, value. TLC, is determined directly
in the single breath procedure by methane di-
lution and the RV, obtained in each test by
subtracting the vital capacity measured.

The expected values were those of Knud-
son ¢t al ' for the Time-Volume and Flow-
Volume curves and those of Crapo e al "'
for the DLCO and lung volumes, including
TLC and RV 2,

The values are given in frequencies, medians
and 95% confidence intervals. The Kol-
mogorov Smirnov test was used to assess
adherence to a normal curve. The Pearson
chi-square test was used to compare the no-
minal variables of the frequencies and the
Student “T” test to compare the continuous
variables of the frequencies. The level of sig-
nificance set for the analysis was 5% or 0.05.
The correlations and equations of simple and
multiple linear regression and the regression
table were also measured >,

Results

Table I shows that the female gender pre-
dominated in our population: 13/20 people.
The median age of 47.6 years and the confi-
dence interval show that the group was very
homogeneous in these aspects. The spiro-
metric values showed an obstructive distur-
bance; FEV1/FVC was 58.8 of moderate
intensity, FEV1 having a median of 68.9%
of that predicted but with no reduction of
the forced vital capacity — 96.5% of that pre-
dicted. The table also shows that the plethys-
mographic values of TLC and RV are sig-
nificantly higher than those obtained via the
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Quadro | - Caracteristicas da amostra e valores dos

parametros espirograficos, da capacidade pulmonar total
e do volume residual

Table | - Population characteristics and spirometry
parameters values of total lung capacity and residual
volume

Variavel N/ Média IC 95% Variable N/ Median Cl 95%

Sexo 13 (M)-7(H) Gender 13 (M)-7 (H)

|dade 47,6 42,3-52,9 Age 476 42.3-52.9

CVF %P 96,5 86,9-106,0 FVC %P 96.5 86.9-106.0
VEMS %P 68,9 58,8-79,0 FEV1 %P 68.9 58.8-79.0
VEMS/CVF 58,8 53,9-63,6 FEVIFVC 58.8 53.9-63.6
CPT, /CPT, 5,94 /4,73* 5,30-6,57 / 4,18-5,28 TLC, /TLC, 5.94/4.73* 5.30-6.57 / 4.18-5.28
VRPL/VF{SB 2,55/1,66* 2,19-2,91/1,47-1,85 RVF,L/RVSB 2.55/1.66 2.19-2.91/1.47-1.85

* P<0,05; IC 95%: intervalo de confianca de 95%; %P: percentual
do previsto;

CVF: capacidade vital forcada; VEMS: volume expiratério forgado
no primeiro segundo; PL: medida obtida por pletismégrafo; SB:
medida obtida pela inpiragdo Unica do metano; CPT: capacidade
pulmonar total; VR: volume residual

tivamente maiores do que os obtidos pela
técnica de respiracao unica, com metano
como tragador. A prova broncodilatadora foi
positiva em 11 exames pelas normas da ATS’,
variacao superior a 200ml e 12%, e em 13
exames pelas Diretrizes da SBPT®, variacao
superior a 200 ml e 7% do valor previsto,
sempre para o VEMS.

O Quadro Il mostra as intercessoes e 0s coefi-
cientes de inclinacio de equagbes de regressao
multipla para previsao dos valores dos para-

Quadro Il - Valores da constante e dos coeficientes de
regressao, inclinagao, para a determinagéo dos valores da
capacidade pulmonar total e do volume residual, pela téc-
nica pletismografia a partir dos dados obtidos pela técnica
de respiragdo unica com metano

* P<0.05; Cl 95%: 95% confidence interval; %P: predicted per-
centage;

FVC: forced vital capacity; FEV1: forced expiratory volume in the
first second; PL: measurement obtained via plethysmography; SB:
measurement obtained via single breath technique for diffusion ca-
pacity with methane; TLC: total lung capacity; RV: residual volume

single breath procedure, using methane as a
tracer. The bronchodilation test was positive

in 11 exams using the ATS norms ’

, with a
variation above 200ml and 12%, and in 13
exams using the Brazilian Guidelines °, with
a variation above 200 ml and 7% of the pre-
dicted value always for FEV1.

Table II shows the multiple regression equa-
tions curve intercessions and factors for pre-
dicting the parameter values of the plethys-

mographic technique. These come from the

Table Il - Constant values and regression and curve
factors to measure total lung capacity and residual vo-
lume values via plethysmograph from the data obtained
via single breath technique for diffusion capacity with
methane

Constante Coeficiente EP r? Constant  Factor SD r2
CPTg TLC,,
CPT,, 1,088 1,025 0,64 0,79 TLC,, 1.088 1.025 0.64 0.79
VR . RV B
VR 1,012 0,9268 0,69 0,23 RV 1.012 0.9268 0.69 0.23

PL

PL

EP: erro padréo da estimativa; r%: coeficiente
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SD: estimated standard deviation; r%: factor
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metros da técnica pletismografica a partir dos
obtidos pela técnica de respiracdo unica. Tal
analise, que ¢ desprovida de aplicagio directa,
serve para analisar a influéncia de factores que
justificam as diferencas. Excepto pela capaci-
dade vital forcada, na determinagio da capa-
cidade pulmonar total os demais parametros
nio contribuem para a previsdo, inclusive os
que identificam o grau e o tipo e disfuncio,
respectivamente, VEMS e relacio VEMS/
/CVE Do mesmo modo, a utilizacio dos va-
lores p6s-BD nao altera os resultados.

As Figs. 1 e 2 mostram as dispersées dos va-
lores, a linha de regressao e a faixa do interva-
lo de confianca. Com elas pode ter-se uma
ideia, visual, da associacio entre as medidas.

Discussao

A utilizagio das técnicas de diluicio dos ga-
ses para determinacido da capacidade residual
funcional, e, consequentemente, da capacida-
de pulmonar total e do volume residual, sdo,
geralmente, demoradas, principalmente em
individuos obstrutivos. A repeticio da de-
terminacao para verificacio da reprodutibi-
lidade faz com que o tempo de exame possa
alcancar 30 minutos. Além disso, tanto a téc-
nica de diluicio do hélio como a do lavado

~— Linear Regression
+==~ 95% Confidence Interval
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sb L e
" e
N

8 it s

.-/;/{- *
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Fig. 1 - CPT pré-Bd.

results gleaned from the single breath pro-
cedure. That analysis, not provided by direct
application, serves to study the influence of
the factors which explain the difference. With
the exception of the forced vital capacity, the
various parameters did not add to the pre-
diction in determining the total lung capaci-
ty. This includes those which identified the
type and degree of dysfunction: FEV1 and
the FEV1/FVC respectively. Equally so, the
use of the post-bronchodilator values did not
alter the results.

Figs 1 and 2 show the dispersal of the va-
lues, the line of regression and the confi-
dence interval band. These give a visual idea
of the association between the medians.

Discussion

Using the gas dilution techniques to meas-
ure the functional residual capacity and con-
sequently the total lung capacity and residual
volume generally takes a long time, mainly
in obstructed subjects. Repeating the test to
check that it is repeatable extends the time
the test takes by up to 30 minutes. In addi-
tion, both the helium dilution techniques and
the nitrogen wash measure the air spaces in
communication with other air spaces. On the

—— Linear Regression
= 95% Confidence Interval
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Fig. 2 - VR pré-Bd.

Fig. 1 - Pre-Bd TLC.
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Fig. 2 - Pre-Bd RV.
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do nitrogénio medem os espacos aéreos em
comunica¢ao com as vias aéreas. Por outro
lado, a medida pletismografica, considerada
como padrio, em razio de sua precisao, re-
produtibilidade e rapidez de medida, tem
equipamento dispendioso e exige maior trei-
no técnico. Assim, com pros e contras, 0s
dois métodos sio onerosos.

O teste de difusio, DLCO, pela técnica de
respiracao unica, produz, também, em razao
da necessidade de determinacio do volume
alveolar para a dilui¢io da mistura gasosa,
um valor correspondente ao da capacidade
pulmonar total, designado por CPT,. Como
hd a medida da capacidade vital na manobra
de inspiracdo da mistura, ha, também, a pos-
sibilidade de calculo do VR,. Assim, estas
determina¢des de CPT e VR sdo possiveis
nos equipamentos que medem a DLCO, sen-
do feitos na mesma manobra, abreviando o
tempo e o custo do exame. O Gnico proble-
ma ¢ que nao sao acurados. Portanto, os seus
valores nao podem ser intercambiaveis com
os da medida por diluigio ou pletismografia.
A justificacdo para as diferencas encontradas
esta na dificuldade de diluicio da mistura de
gases apos uma unica inspiragao, o que € ca-
racteristico em doentes obstrutivos'’. Assim,
quanto maior a desigualdade e maior a cons-
tante de tempo das unidades alveolares, geral-
mente por obstrucio ao fluxo aéreo, maior a
diferenca. Neste aspecto, os residuos, as dife-
rencas entre os valores previstos pelas equa-
¢oes e os efectivamente medidos, deveriam
correlacionar-se com a gravidade da obstrugao
ou variar com a resposta broncodilatadora, o
que ndo acontece no presente trabalho, talvez
devido ao numero reduzido de individuos da
amostra. Como a dilui¢ao depende do volu-
me residual, volume desprovido de metano
por ser inicio da manobra, e da capacidade
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other hand, while the plethysmograph mea-
surements are taken as a standard due to their
accuracy, repeatability and rapidity, the equip-
ment needed for the test is expensive and a
greater technical training is needed to use the
equipment to carry out the test. Weighing
up the pros and cons of both procedures in
this way shows that both methods have their
drawbacks.

The DLCO dilution test using the single
breath technique also gives the total lung
capacity value — called TLC, — due to the
need to measure the alveolar volume for the
gas mixture dilution. As the technique of
inhaling the mixture measures the vital ca-
pacity, there is also the possibility of calcu-
lating the RV_,. Thus, TLC and RV can be
measured using the equipment that measures
the DLCO and during the same procedure.
This cuts down on the time and costs in-
curred in the test. The only problem is that
they are not exact. Thus, these values are not
interchangeable with those obtained via di-
lution or plethysmograph.

The reason underlying the differences found
is the difficulty of diluting the mixture of
gases after only one inhalation, characteris-
tic of obstructive patients '. Accordingly,
the greater the disparity and time constant
in the alveolar units, generally due to obstruc-
tion of the air flow, the greater the differen-
ce. In this aspect, the residues, differences
between the values predicted for the equa-
tions and those found in the actual tests
should correlate with the severity of the air
flow obstruction or vary with the bron-
chodilatory response. This was not seen in
our study, possibly due to the small number
of subjects. As dilution depends on residual
volume (volume not provided by methane
as it is the start of the technique) and in-
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vital inspiratéria (CVI), que dita o total de
metano inalado, nao ¢ de estranhar a impor-
tancia, mesmo relativa, do coeficiente de re-
gressao da CVF na estimativa da CPT,, mui-
to embora existam importantes diferencas de
atributos entre CVI e CVE. Cabe ressaltar que
a correcgao, proposta por Punjabi e colabora-
dores'®, da CPT de respira¢io unica com hélio
(CPT,, ) para a de respiragao multipla, leva
em consideracao apenas a relacgio VEMS/
/CVE, evidente pela apresentacio grafica do
trabalho. Para comparagdo com o nosso tra-
balho, utilizamos a relacio prevista entre as
razdes CPT, / CPT, e VEMS/CVE Para a
razao VEMS/CVF com média de 58,8, é pre-
vista, no referido trabalho, uma razao CPT,/
/CPT,, de cerca de 0,9, enquanto encontra-
mos 0,8. Em acréscimo, o valor de 0,8 é o
previsto para uma faixa imediatamente infe-
rior 4 nossa, de VEMS/CVF de 40 a 50%.
Assim, ¢ evidente que encontramos uma di-
ferenca maior entre as técnicas de respiracao
unica e pletismografica. Tal variagio pode ser
decorrente das diferencas entre as técnicas ple-
tismografica e de respiracio multipla pelo
hélio. Os valores por nés encontrados estio
préximos dos do Projeto de Padronizagao
Epidemiolégico’.

Além do problema da acurdcia, a utilizagao
dos parametros da respiragao tnica (SB) tem
produzido varias distorgoes. Como a CPT,
¢ menor, ha menor frequéncia de hiperinsu-
flacdo e maior de restricio. Com o VR, da
mesma forma, ha diminuicio da retencio
aérea. Portanto, ndo se deve utilizar os para-
metros CPT_, e VR, para identificacdo de
restri¢ao, hiperinsuflacio e retencdo aérea,
em concordancia com recomendag¢des recen-
tes e conjuntas da ATS/ERS’. Neste caso, o
mais adequado ¢ alterar estas designacoes,
para evitar confusio.
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haled vital capacity (IVC) which conditions
the total methane inhaled, the amount — how-
ever slight — of the FVC regression factor in
estimating TLC_, is not unusual. This is true
even when there are significant differences
in attributes between IVC and FVC. It should
be pointed out that the adjustment proposed
by Punjabi ¢ a/ * of TLC of single breath
respiration with (TLC ., ) for that of multi-
ple respiration takes only the FEV1/FVC
into consideration. This is shown in the
graph we present. We have used the relation-
ship predicted between the TLC,, /TLC,,
and FEV1/FVC ratios for comparison with
our work. The abovementioned study pre-
dicts a TLC, /TLC, ratio of approx. 0.9
for the FEV1/FVC ratio with a 58.8 median
while we found 0.8. Further, a value of 0.8 is
that predicted for a band immediately under
ours, with FEV1/FVC of 40 — 50%. Accot-
dingly, it is evident that we found a bigger
difference between the single breath and the
plethysmographic techniques. That variation
could be a result of the differences between
the plethysmographic and multiple respira-
tion via helium techniques. The values we
found are close to those of the epidemiolo-
gy standardisation project '.

In addition to the accuracy problem, using
the single breath (SB) parameters has given
rise to various distortions. With TLC_, be-
ing smaller, there is a greater rate of hyper-
insufflation and restriction. With the RV,
there is a similar decrease in air retention.
Thus, the TLC,, and RV, parameters should
not be used to identify restriction, hyperin-
sufflation and ait retention, in line with the
recent ATS/ERS recommendations, among
others’. This being so, the best thing would
be to change these designations to avoid
confusion.
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