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Diaphragm quantitative electromyography in
difficult-to-treat asthmatic patients

Eletromiografia quantitativa do diafragma em pacientes com asma de dificil controle

Marcelo R. CAETANO', Analucia A. MARANHAQ?, Eduardo M. PEIXOTO?, Alexandre H. ALAMY*, Ana Paula
CASSETAS®, Julio C. RODRIGUES FILHO?

ABSTRACT

Quantitative electromyography is an important tool to evaluate myopathies, and some difficult-to-treat asthmatic patients may have a
subclinical corticosteroid myopathic process, using only inhaled corticosteroid, according to some studies. In this report, diaphragm
quantitative electromyography was used to evaluate asthmatic difficult-to-treat patients, comparing them with a control group. Significant
differences were obtained in amplitude, duration and size index of motor unit action potentials, with lower parameters in the asthmatic
patients, which may indicate a myopathic process.
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RESUMO

Eletromiografia quantitativa € uma ferramenta importante para a avaliacédo de miopatias, e alguns pacientes asméaticos de dificil controle
podem ter um processo miopatico subclinico, mesmo usando apenas corticosteroides inalatérios, de acordo com alguns artigos. Nesse
artigo a eletromiografia quantitativa do diafragma foi usada para avaliar os pacientes asméaticos de dificil controle, comparando com
um grupo controle. Diferengas significativas nas amplitudes, duragdes e indices de tamanho dos potenciais de unidades motoras foram
encontradas, com parametros mais baixos nos pacientes asmaticos, o que pode indicar um processo miopatico.

Palavras-chave: Eletrodiagnostico; asma; doencas musculares.

Phrenic neuroconduction and diaphragm electromyog-
raphy are important tools in the evaluation of patients with
respiratory failure. Obstructive pulmonary diseases, includ-
ing asthma and chronic obstructive pulmonary disease, are
well-documented causes of pulmonary distress. Abnormalities
in phrenic nerve compound motor action potentials’ latency,
amplitude and area have been reported'***. Recently,
Maranhdéo et al.’ studied difficult-to-treat asthmatic patients
with phrenic neuroconduction and diaphragm quantitative
electromyography (QEMG) and found reduced phrenic com-
pound motor action potential areas and normal diaphragm
QEMG, and hypothesized that some patients may have had a
subclinical myopathy®.

In spite of the fact that normative studies of diaphragm
QEMG have previously been published, different methods
and software were selected for this trial®. Besides, to the
extent of our knowledge, there is no report applying any
QEMG method to study obstructive respiratory disease.

The aim of this study was to evaluate diaphragm QEMG in
a group of difficult-to-treat asthmatic patients.

METHODS

Asthmatic patients were recruited from the Gaffree and
Guinle University Hospital's pulmonary ambulatory service.
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The exclusion criteria included neurologic disorders, diabe-
tes mellitus, or any systemic disease affecting the nervous
system. From 102 asthmatic patients, 27 were classified as
difficult-to-treat, five of whom were excluded due to dia-
betes, and two refused to participate. None of them was an
active smoker. Neurological examination, with special atten-
tion to proximal muscular strength, was performed on all of
them. The inclusion criteria for difficult-to-treat asthma were
the requirement of treatment within the guidelines of sug-
gested medications in the Global Initiative for Asthma, steps
4-5 for the previous year, or use of systemic corticosteroids
for 50% or more in the previous year, to prevent the asthma
from becoming “uncontrolled”, or that remained “uncon-
trolled” despite this therapy.

The control group, consisting of 15 volunteers, was
recruited among students and employees (with different
degrees of physical activity) from the university hospital. The
study was approved by the hospital ethics committee, and all
participants provided their informed consent.

The QEMG was performed with a standard disposable
concentric EMG needle electrode with a recording area of
0.07 mm?, diameter of 0.46 mm? and lengths of 37 mm or
50 mm (DCN37 and DCN50, respectively; Ambu, Neuroline,
Netherlands); and an EMG system (Neuro-MEP-Micro,
Neurosoft, Ivanovo, Russia) with standard settings (filters,
5 Hz to 10 kHz) was used.

A needle electrode was inserted into the medial recess
of the right eighth or ninth intercostal space. During slow
advancement of the needle electrode through the tissues,
we carefully observed and listened to the EMG signal.

Rhythmic bursts of low-amplitude motor unit potentials

during inspiration and absent EMG activity during expi-
ration confirmed that the electrode tip had reached the
diaphragm. At that point, with EMG activity during nor-
mal breathing, motor unit potentials were analyzed for
30 seconds by the QEMG program, and at least 20 motor
unit action potentials (MUAPs) were obtained by the
software program. These have not been edited, selected or
deleted. Mean and outliers amplitude, duration, thickness
(area/amplitude) and size index (2 x loglO(amp) + area/
amp) were calculated.

The QEMG process used in this study, known as multi-
MUAP analysis, is present in many EMG commercial sys-
tems. First, a 5-30 second EMG epoch is acquired and dig-
itized. Next the signal is high-pass filtered or differentiated
(i.e. the rate of voltage change is computed) to enhance the
spike component of the signal. The MUAP activity is detected
when the processed signal exceeds a threshold level. A por-
tion of the EMG activity before and after this detection is
called the template. After the templates in the signal have
been identified, the first template is assigned to the “first
class”. The second template is compared with the first MUAP
template. If it is similar, it is assigned to the first class, other-
wise it becomes a template of the second class. The process
is repeated until all the MUAPs have been assigned to a class.
Finally, all the classes, that have more than a minimum of
matched templates, are considered to comprise MUAPs valid
for analysis, and at least 20 MUAPs are necessary to calculate
the mean and to define the limits of outliers’. Figure 1 shows
anormal MUAP.

The data was compiled into a spreadsheet using Excel
(Microsoft, Redmond, Washington, USA) and analyzed by
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Figure 1. An example of a normal motor unit action potential (MUAP). The same stable MUAP is captured five times by the software.
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R - A Language and Environment for Statistical Computing
(R Foundation for Statistical Computing, Vienna, Austria),
specifically, the ‘R-commander’ package and its dependen-
cies. The variables were submitted to descriptive analysis
by means of frequency distribution and table of measures
of central tendency and inferential analysis by means of the
Kolmorogov-Smirnov and Shapiro-Wilk to consider normal-
ity in the distribution.

RESULTS

The characteristics of the 20 patients were as follows:
four men and 16 women, 37-74 years old (mean 57.65 years
old), height 145-170 cm (mean 158 cm); weight 51-105 kg
(mean 75.5 kg).

The control group consisted of 15 volunteers (eight men and
seven women), 21-62 years old (mean 30 years old), with no
respiratory or neuromuscular disorders, all of whom had nor-
mal spirometry tests and chest X-rays. The participants’ data
were as follows: height 155-186 cm (mean 171 cm); and weight
52-100 kg (mean 73 kg). We noticed that the control group was
significantly younger and taller than the asthmatic group.

The Table shows the inferential analysis of the two groups.
Mean, interquartile range, standard deviation, and minimum
and maximal values of all mean MUAP variables obtained
are shown. The 5™ and 95™ percentile of all individual acquisi-
tions were used as outlier parameters in the control group. The
Table also compares these results with the asthmatic patient
group. Three significant differences between the control and
disease group were found: duration, size index and amplitude
were considered significantly higher in the control group.

Figure 2 compares the distribution of parameters with
significant differences.

DISCUSSION

Quantitative EMG is the most powerful electrodiagnostic
tool to identify a myopathic process but, even with its use,
corticosteroid myopathies are still a challenge to electrodiag-
nostic methods, as type 2 fibers are usually involved in these
processes, and routine EMG almost exclusively studies type
1 fibers.

The software used in this study allowed continuous 30 sec-
onds of MUAP recording and analysis, instead of the 5 seconds
allowed by other machines. This distinction offers the advan-
tage of analyzing MUAPs during normal breathing. Podnar and
Resman-Gaspersic?, in their normative study, asked normal indi-
viduals to hold a 5-second partial inspiration breath to achieve
MUAP stability during these 5 seconds; otherwise the software
wasn't able to identify a MUAP. But this was not feasible in some
patients®. Although it is difficult or impossible to maintain a
moderate sustained contraction, it is feasible to analyze 30 sec-
onds of normal breathing, to achieve at least 20 MUAPs.

Compared with Podnar and Resman-Gaspersics® norma-
tive study, our data was lower in all mean parameters, prob-
ably due to technical differences (breath held in partial inspi-
ration instead of continuous normal breathing and MUAPs
not being edited).

Leonardis and Podnar® did not find accuracy in the use
of diaphragm QEMG to predict myopathy or neuropathy, but
they commented that the software used and the peculiarity of
myotonic dystrophy patients, may have contributed to this.

Our asthmatic patients used inhaled and or oral cortico-
steroids daily, possibly creating a corticosteroid myopathy.

Myopathies in asthmatic patients, who use oral ste-
roids chronically, have also been reported in several studies.
Respiratory muscle dysfunction may be manifested by diffi-
cult-to-control asthma due to decreased strength in respiratory

Table. Inferential analysis and correlation of the control and patient groups. All electrical parameters were higher in control group.
The disease patient group was older and shorter compared with the control group. Amplitude and thickness, shows a non-normal
distribution. Duration, index and amplitude were considered significantly higher in the control group.

Mean values

Individual

Correlation
MUAP parameters Group th
Mean + SD IQR Range 5t percentile =2 . (method)
percentile
Control 277 +123 150.2 89-599 <0.001
Amplitude (uv) 70 948 Wil :
Disease 255+ 91.04 112.4 118-520 (Wilcoxon)
Control 7.83+ 1.05 1.50 5.66-9.54 <0.001
Duration (ms) 512 11 T )
Disease 7.25 +0.83 .089 5.74-8.64 (T test)
Control 375+ 176 313.5 141-683
Area (Uv/MS) 86 1127 OT'8336
Disease 340+ 117 140.6 149-549 (T test)
Control 1.49 + 0.40 0.56 0.87-2.26 0.4859
Thickness (ms) 0.55 248 W'.l
Disease 1.45 +0.32 0.55 1.06-2.08 (Wilcoxon)
Control 0.06 + 0.58 1.07 -0.93-0.98
Size index 11 143 <TO'OO1
Disease 0.05 + 0.40 0.46 -0.66-0.82 (T test)

MUAP: motor unit action potential.
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Figure 2. Comparing the distribution of parameters with significant differences. Duration, size index, height and amplitude were
considered significantly higher, and age was the only parameter significantly lower in the control group.

muscles’. Decramer and Stas'® reported on patients with a sig-
nificant reduction in maximum inspiratory pressure and maxi-
mum expiratory pressure due to treatment with high doses of
oral corticosteroids, which improved dramatically after three
months of corticosteroid withdrawal. They observed a mean
reduction of 31% (16-46%) of predicted quadriceps strength
in chronic patients. The authors also reported that improved
muscle strength was slower in the legs than in the respiratory
muscles. Six months after reduction of corticosteroid use, the
quadriceps strength ranged from 31% to 85% of normal expec-
tation'. Minetto et al.' described the reduction of muscle fiber
conduction velocity in the vastus lateralis, vastus medialis, and
anterior tibialis in patients with Cushing’s disease compared
with controls.

Inhaled corticosteroids are generally considered by medi-
cal pulmonologists to be safer drugs in relation to oral cor-
ticosteroids. However, some studies do not support this
statement. Akkoca et al.'* reported similar impairment
of respiratory muscles in patients with oral and inhaled
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