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Is phrenic nerve conduction affected in
patients with difficult-to-treat asthma?

A neuroconducao do nervo frénico esté alterada na asma de dificil controle?

Analtcia Abreu Maranhdo'?, Marcia Maria Jardim Rodrigues’, Sonia Regina da Silva Carvalho'?,
Marcelo Ribeiro Caetano?, Inaé Mattoso Compagnoni“, Tatiana Catia Carnio®, Débora Ribeiro*

ABSTRACT

Objective: The aim of this study was to obtain data on phrenic neuroconduction and electromyography of the diaphragm muscle in
difficult-to-treat asthmatic patients and compare the results to those obtained in controls. Methods: The study consisted of 20 difficult-
to-treat asthmatic patients compared with 27 controls. Spirometry, maximal inspiratory and expiratory pressure, chest X-ray, phrenic
neuroconduction and diaphragm electromyography data were obtained. Results: The phrenic compound motor action potential area was
reduced, compared with controls, and all the patients had normal diaphragm electromyography. Conclusion: It is possible that a reduced
phrenic compound motor action potential area, without electromyography abnormalities, could be related to diaphragm muscle fiber
abnormalities due to overload activity.
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RESUMO

Objetivo: O objetivo do presente estudo foi obter dados da neuroconducéo do frénico e exame com agulha do diafragma em pacientes com
asmadedificil controlee comparar com um grupo normal. Métodos: O estudo consiste emrealizar radiografia de torax,espirometria, pressao
méxima inspiratéria e expiratéria, neuroconducao do nervo frénico e eletromiografia do musculo diafragma em 20 pacientes asmaticos de
dificil controle e comparar com 27 controles. Resultados: Encontramos reducao da area do potencial de acao muscular composto do nervo
frénico e a eletromiografia do musculo diafragma estava normal em todos os pacientes. Conclusao: E possivel que a redugao da area do
potencial de acao muscular composto do nervo frénico nos pacientes com asma de dificil controle associado a eletromiografia normal do
musculo diafragma esteja relacionada as alteragoes da fibra muscular do mesmo devido a sobrecarga de atividade.

Palavras-chave: eletrodiagndstico; nervo frénico; espirometria; conducao nervosa; asma.

The most recent definition of asthma is that it is a het-
erogeneous disease, usually characterized by chronic airway
inflammation, defined by a history of chronic respiratory
symptoms that vary over time, both in frequency and inten-
sity, and associated with variable airflow limitation.

The majority of patients with asthma can be treated effec-
tively with the currently available medications.

However, a significant proportion of patients labeled
as ‘difficult-to-treat asthma” or “severe refractory asthma’
remain a challenge for the treating clinician. Severe refractory
asthma encompasses a variety of sub phenotypes of asthma
that do not respond to the current standard therapy, i.e. high
doses of inhaled corticosteroids in combination with long-
acting B2-agonists®’.

Difficult-to-treat asthma, while affecting only 5-10% of
the asthma population, is associated with the greatest share
of asthma morbidity and economic burden® This clinical prob-
lem still exists despite many advances in the understanding
of the underlying basis of asthma and improved management
strategies, which include targeted anti-inflammatory therapy
with monoclonal antibodies. Research effort continues, with
exploration of different aspects of pathophysiology such as
genomics, proteomics, inflammation, airway remodeling and
airway smooth muscle abnormalities®.

Common etiologies of chronic hypercapnic respiratory
failure include severe airway disorders [e.g., chronic obstruc-
tive pulmonary disease (COPD) and asthma], chest wall
abnormalities, and neuromuscular diseases. Spirometry is
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essential for the diagnosis of COPD, asthma and assess-
ment of disease severity. To confirm the diagnosis, clinical
assessment and imaging studies are used®. By contrast, dis-
orders of the diaphragm or its innervation are thought to
be a relatively rare cause of respiratory failure. Nevertheless,
in patients with hypercapnic respiratory failure, this group of
neuromuscular disorders should always be considered, espe-
cially in patients with no other explanation for their symp-
toms. Innervated by the phrenic nerve, the diaphragm is the
principal respiratory muscle in humans.

To demonstrate a neuromuscular cause of hypercapnic
respiratory failure, respiratory electrodiagnostic studies are
often used. It is important to carry out phrenic nerve conduc-
tion studies to differentiate neuromuscular disorders from
other causes of hypercapnic respiratory failure, particularly
asthma and COPD".

The aim of this study was to obtain data on phrenic nerve
conduction studies and needle electromyography (EMG) of
the diaphragm muscle in asthmatic patients and compare
the results to those obtained in controls. This information is
expected to be useful for the diagnosis of neuromuscular dis-
orders in patients with severe asthma.

METHODS

A group of 20 asthmatics and 27 control individuals
were studied. The asthmatic patients were recruited from
the pulmonary ambulatory clinic of the Gaffree and Guinle
University Hospital. Neurologic disorders, diabetes melli-
tus, or any systemic or endocrinal disease affecting the ner-
vous system were exclusion criteria. From 102 asthmatic
patients, 27 were classified as difficult-to-treat, five of whom
were excluded due to diabetes, and two refused to partici-
pate. None of them were an active smoker. Neurological
examination, especially proximal muscular strength was
evaluated in all of them. The inclusion criteria for difficult-
to-treat asthma were the requirement of treatment within
guidelines of suggested medications in the Global initia-
tive for asthma (GINA) steps 4-5 for the previous year,
or systemic corticosteroids for greater than or equal to 50%
of the previous year to prevent the asthma from becoming
“uncontrolled”, or which remains “uncontrolled” despite
this therapy®. 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, 158cm); weight,
51-105 kg (mean, 75.5 kg).

Controls had normal spirometry tests and chest X-rays.
Respiratory and neuromuscular disorders were excluded.
The characteristics of the 27 controls were as follows: 15 men
and 12 women, 21-62 years old (mean, 30 years) height,
155-186 cm (mean, 171 cm); weight, 52-100/ kg (mean,
73 kg). They were recruited from students and employees
of the university hospital (with different degrees of physical
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activity). The study was approved by the Gaffree and Guinle
University Hospital Ethics Committee, and all participants
provided informed consent.

The spirometry test procedure used the forced vital
capacity (FVC) technique in which the participant performs
afull inspiration and then a forceful expiration, as rapidly and
completely as possible. Each participant performed, in the
sitting position, at least three trials and the best performance
was used for analysis. An adequate test required a minimum
of three acceptable FVC maneuvers. The test was considered
acceptable when the difference between the largest and the
next largest

FVC and the first second of forced expiratory volume
(FEV1) was 0.150 L or less’.

The Knudson prediction equations were used for the
time-volume and flow-volume curves'. Parameters analyzed
were: FVC, FEV1 and the FEV1/FVC ratio.

The Spiron (Physis, Rio de Janeiro, Brazil) spirometer
was used.

Postero-anterior and lateral chest X-ray films were
obtained at maximal inspiration. The radiographs were
acquired by a trained radiographer and were read by the chest
physician. For analysis, the highest values of maneuvers with
variability less than 10% were used. In our study, maximal
respiratory pressure measurements were performed accord-
ing to Brazilian guidelines'.

The phrenic neuroconduction was performed with partic-
ipants lying in a supine position. Supraclavicular stimulation
was attempted between the sternal and clavicular heads and
behind the sternocleidomastoid muscle with a bipolar stimu-
lating electrode (Neurosoft, Ivanovo, Russia)'>'>. We used two
disposable self-adhesive disk recording electrodes (Viasys
Healthcare, Madison, Wisconsin). The active electrode (G1)
was fixed 5 cm above the xiphoid process, and the reference
electrode (G2) 16 cm from G1, on the chest margin ipsilat-
eral to the stimulated phrenic nerve. An electromyography
system (Neuro-MEP-Micro, Neurosoft, Ivanovo, Russia) with
standard settings (filters: 2 Hz to 10 kHz) was used. The gain
was set to 0.5 mv and the sweep speed to 2 ms/div. Bilateral
studies were performed on all participants. Electrical stimu-
lation was carried out with rectangular pulses of 0.1 ms or
0.2 ms duration. Measurements were made separately during
normal inspiration and expiration. The phrenic nerve com-
pound muscle action potential (CMAP) onset latency, ampli-
tude, duration and area of the negative phase were obtained
at supramaximal stimulation, 10-20% above maximal stimu-
lation (Figure 1). An electrophysiological work-up for exclu-
sion of peripheral neuropathy was carried out and included
sensory conduction studies of sural and superficial peroneal
nerves, and motor conduction studies of posterior tibial and
deep peroneal nerves.

Inspiratory CMAP is sharper with a shorter duration and
increased amplitude compared to expiratory CMAP. CMAP:
compound muscle action potential.



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 and 50 mm (DCN37 and DCN50,
respectively; Medtronic Functional Diagnostics, Skovlunde,
Denmark), and an EMG system (Neuro-MEP-Micro,
Neurosoft, Ivanovo, Russia) with standard settings (filters,
5 Hz to 10 kHz) were used. A needle electrode was inserted
into the medial recess of the right seventh, eighth, or ninth
intercostal space. During slow advancement of the needle
electrode through the tissues, we carefully observed and lis-
tened to the EMG signal. Rhythmic bursts of low-amplitude
motor unit potentials during inspiration and absent EMG
activity during expiration confirmed that the electrode tip
had reached the diaphragm. At that point, with EMG activ-
ity during normal breathing, rest activity and motor unit
potentials were analyzed.

The control group comprised 27 healthy participants
and the disease group comprised 20 participants who are
affected by asthma. The normality was tested in all studied
variables by the Shapiro Wilk test using the R platform ( free
software) and SPSS. All variables that showed a non-normal
distribution at a 5% significance level were analyzed using a
non-parametric approach. For these variables, the Wilcoxon
test was used, while the t-test was used for normal variables.
Age, weight, FVC, FVC%, FEV1, FEV1%, FEV1/FVC had
p-values under 5% or were close to it (FEV1%). Therefore, for
analytical purposes, a non-parametric approach was taken
for these, as they were not considered normally distributed.

RESULTS
The variables FEV1%, FVC, FEV1, FEV1/FVC, FVC%, age,

height, expiratory CMAP area, expiratory CMAP duration
and inspiratory CMAP area showed significant differences
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CMAP: compound muscle action potential.
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between the groups (control and disease). The results of the
hypothesis tests and method are shown in the Table accord-
ing to normality and in order of significance. The Table also
shows the mean and confidence interval (CI) at 95% for nor-
mal variables; and median, 5% or 95% for non-normal dis-
tributions. The differences between the control and disease
groups are illustrated in Figure 2. Boxplots represent non-
normally distributed variables and the plot of means with
95% CI represents normally distributed variables. The vari-
ables that did not have a significant difference between the
two groups were amplitude and latency. Mean expiratory
CMAP amplitude was: 0.58 mv (disease group) and 0.65 mv
(control group), mean inspiratory CMAP amplitude was: 0.74
mv (disease group) and 0.89 mv (control group), mean expi-
ratory CMAP latency was 6.05 ms (disease group) and 6.42
ms (control group) and mean inspiratory CMAP latency was:
5.90 ms (disease group) and 6.12 ms (control group). Five
asthmatic patients had abnormal CMAP amplitudes and
only one had an abnormal CMAP latency.

The ten significant differences at 5% are represented
against normality by a plot of means with 95% confidence
interval and Boxplot. With exception of age, all the variables
in the graph showed lower values in the diseased group.
FEV1.: forced expiratory volume in one second; EXP: expira-
tory; FVC: forced vital capacity.

Both electrophysiologic (expiratory CMAP area, expira-
tory CMAP duration and inspiratory CMAP area) and spiro-
metric (FEV1%, FVC, FEV1, FEV1/FVC, FVC%) tests seemed
to decrease significantly due to the presence of the disease.
But there are some limitations to this conclusion. Age and
gender were significantly different between groups. The dis-
ease group was older and there were only four males in this
group. Gender differences between groups was evaluated
by chi-squared test (p = 0.01406). Age and gender between
control and disease groups might influence the conclusions
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Figure 1. Inspiratory CMAP is sharper with a shorter duration and increased amplitude compared to expiratory CMAP.
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made about differences in these groups due to lack of bal-
ance in the samples obtained for these factors. Height differ-
ences were also significant and may be explained by gender
differences and also might have influenced the differences
shown in the analyses.

The electromyography studies of all 20 asthmatic patients
were normal at rest (absence of positive waves, fibrillation
potentials and discharges) and visual analysis of recruitment
and motor unit potentials was not myopathic or neurogenic.
The neurological examination, including proximal muscular
strength, was normal in the disease group.

DISCUSSION

Difficult-to-treat asthma is a challenge, even for expe-
rienced pulmonologists. The possibility of diaphragmatic
muscle impairment in these patients has never been studied
through EMG and phrenic nerve neuroconduction. Although
COPD is a chronic lower respiratory airway obstruction with
a different pathologic mechanism for asthma, we can sup-
pose that these two conditions may share some diaphragm
muscle fiber abnormalities, as both induce a chronic overload
of respiratory muscles. A few studies have evaluated phrenic
nerve conduction, but not diaphragmatic EMG, in COPD
patients. Podnar and Harlander” found increased latencies
and amplitudes, but reduced area, in 20 COPD patients com-
pared with 27 controls. Hopkinson et al.** did not find any
significant difference between nine COPD patients and seven
controls, Lu et al.”® studied only three COPD patients and
found reduced CMAP amplitudes in two of them. El-Tantawi
et al.'® studied 40 COPD patients (all men) and compared
them with 27 matched age and height controls. He did not
find any significant difference between these two groups in
amplitude and the latency of phrenic CMAP (area and dura-
tion were not mentioned) using the same recording points

that were used by Podnar and Harlander” and ourselves. Our
study shows a reduced CMAP area in 20 asthmatic patients
compared with 27 controls. Although the CMAP area is also
reduced in neuropathy and myopathy, we did not find abnor-
malities in diaphragm EMGs (positive waves and fibrillation
potentials at rest and abnormal recruitment and motor unit
potentials), and in amplitudes and latencies of the phrenic
nerve conduction, that would be expected in neuropathy or
myopathy. Corticoid-induced myopathy typically shows a
normal EMG, except in the advanced stages, but even in a
mild disease proximal weakness is present, especially in the
pelvic girdle, which was not seen in our asthmatic patients".

There is evidence of oxidative stress in the skeletal mus-
cles of patients with chronic disease. It is hypothesized that
this oxidative stress sends muscle cells into a catabolic state
and that chronic exposure leads to wasting. Oxidative dam-
age may contribute to skeletal muscle dysfunction and mark
myofibrillar proteins for degradation. Concurrently, oxidants
may stimulate expression and activity of skeletal muscle pro-
tein degradation pathways. These compounding factors of
oxidative stress may ultimately lead to muscle wasting in
chronic disease'.

The CMAP area is a neuroconduction parameter that
better evaluates the bioelectric potential generation capac-
ity (more so than amplitude).” An increased proportion of
collagen and abnormal muscle fibers have been described
in the diaphragm of COPD patients" as reduced force gen-
eration per cross-sectioned area, reduced myosin heavy
chain content per half sarcomere and slower cross-bridge
cycling kinetics®. Furthermore, there is a significantly
increased proportion of type I muscle fibers and a reduc-
tion in the cross-sectioned area of all fiber types®. All these
abnormalities are correlated with a lower CMAP area. The
high CMAP amplitude described by Podnar and Harlander’
may be explained by the flattening of diaphragm muscle in
COPD patients. According to volume conduction theory,

Table. The mean and 95% confidence interval was used for the normally distributed variables, and the median was used for the
non-normally distributed ones, 5% and 95% values represent centrally numeric variables that are statistically different between

groups of study.

Variable p Method C?;‘;;ilut;ﬁ::fy Measurement disease Measurement control
FEV1% <0.001 T Mean (+ CI95%) 48.37 (+ 65.11) 103.81 (+ 45.76)
FVC <0.001 Wilcoxon (5%, median, 95%) (1.217,1.88, 2.81) (8.25, 4.38,6.44)
fev/01 <0.001 Wilcoxon (5%, median, 95%) (0.56,1.12,1.62) (2.76, 2.86,5.09)
FEV1/FVC <0.001 Wilcoxon (5%, median, 95%) (48.18,57.28,67.77) (74.71,84.78,90.17)
FVC% <0.001 Wilcoxon (5%, median, 95%) (46.07,64.75,84.77) (81.12,104.20,150.03)
Age <0.001 Wilcoxon (5%, median, 95%) (87.95,60,70.2) (23,27,52.7)
Height <0.001 T Mean (+ Cl95%) 1.59 (+0.17) 1.72 (+0.08)

Exp area <0.001 T Mean (+ Cl95%) 4.85(+2.92) 6.84 (+ 1.05)

Exp duration <0.001 T Mean (+ CI95%) 19.77 (£ 1.69) 16.15 (+ 5.54)
Insp area <0.001 T Mean (= C195%) 4.8 (+2.39) 6.22 (+ 0.44)

Cl: confidence interval; FEV1: forced expiratory volume in one second; FVC: forced vital capacity; Exp: expiratory; Insp:inspiratory.
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FEV1: forced expiratory volume in one second; EXP: expiratory; FVC: forced vital capacity.
Figure 2. The ten significant differences at 5% are represented against normality by a plot of means with 95% confidence interval
and Boxplot. With exception of age, all the variables in the graph showed lower values in the diseased group
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the amplitude of the CMAP is proportional to the angle
the moving dipole subtends at the recording electrode.
This angle is increased during the diaphragm flattening in
the inspiration of normal individuals and is fixed in COPD
patients®. The reduced CMAP area observed in our patients
may be related to diaphragmatic fiber abnormalities, due to
chronic overload of respiratory muscles or to a subclinical
corticoid-induced myopathy.

One of the limitations of this study is the unmatched age
and height in the control group, although none of the nor-
mative data studies have significant correlation between age,
height and CMAP area”*'®*!, Another limitation is the lack of
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