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ABSTRACT
We report the case of a patient with severe dyspnea upon reclining. Lung disease, neuromuscular disorders and heart
disease were ruled out. However, during the course of the investigation, bilateral diaphragmatic paresis was discovered.
A key sign leading to the diagnosis was evidence of paradoxical respiration in the dorsal decubitus position. When the
patient was moved from the orthostatic position to the dorsal decubitus position, oxygenation and forced vital
capacity worsened. The orthostatic fluoroscopy was normal. Maximal inspiratory pressure was severely reduced. The
responses to transcutaneous electric stimulation of the diaphragm were normal. However, electric stimulation of the
phrenic nerve produced no response, leading to the diagnosis of bilateral diaphragmatic paresis.
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INTRODUCTION

We report the case of a patient with idiopathic
bilateral diaphragmatic paresis, which is a rare and
not always easily diagnosed disease.

CASE REPORT

A 44-year-old male patient, a nonsmoker, was
referred for investigation of dyspnea that worsened
in the supine position. The patient reported the

Case Report
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insidious onset, seven months prior, of dyspnea, even
at rest, with a pronounced worsening of the
symptoms when in the dorsal decubitus position
(orthopnea). He reported no cough, expectoration,
wheezing, consumptive symptoms or symptoms
affecting other organs. He did not report any type
of trauma or thoracic surgery.

Physical examination revealed normal respiration
at rest, becoming severe dyspnea when the patient
assumed the supine position. Upon lying down, the
patient immediately presented rapid, shallow
respiration with paradoxical movement of the thorax
and abdomen. There was no cyanosis or digital
clubbing. Upon auscultation, it was noted that the
lungs were clean with reduced breath sounds in
the bases. The rest of the physical examination,
including the neurological evaluation, revealed no
alterations.

The chest X-ray revealed that the heart area was
normal, the hemidiaphragm was elevated, and there
were areas of bi-basal hypotransparency consistent
with laminar atelectasis. The spirometry showed that
forced vital capacity was 55% of predicted, forced
expiratory volume in one second was 59% of
predicted, and the mean ratio between forced
expiratory volume in one second and forced vital
capacity was 88%, none of which were altered after
bronchodilator use. The chest X-ray revealed only
areas of collapse in the lung bases, which were
probably secondary to hypoventilation (Figure 1),

and the angiotomography results were normal. The
echocardiogram and electrocardiogram results were
both normal.

The laboratory testing (complete blood workup,
leukocyte count, thyroid function test, renal function
test, hepatic function test, evaluation of
inflammatory activity and complement testing) did
not show significant alterations. Testing for auto-
antibodies, including c-ANCA and p-ANCA, was
negative.

Fluoroscopy in the orthostatic position, used for
evaluation of diaphragm movement, was normal.

Magnetic resonance imaging of the cervical spine
was also normal. Testing for neuromuscular diseases
(cl inical and laboratory exams, as well as
electroneuromyographic studies of all four limbs)
was negative.

Oxyhemoglobin saturation was 96% (on room
air) when it was sitting, decreasing to 87% when the
patient was in the decubitus position. Arterial blood
gas analysis revealed the following values: pH: 7.436;
arterial oxygen tension: 62.8 mmHg; arterial carbon
dioxide tension: 34.4 mmHg; bicarbonate: 22.8
mmol/L; oxygen saturation by pulse oximetry: 94.2%.

The spirometry was carried out in two positions
(sitting and lying down), and the results are
presented in Table 1 and Figure 2.

The maximal inspiratory and expiratory pressures
were measured by means of a mechanical vacuum
pump, which detected a maximal inspiratory
pressure of 22 cmH2O and a maximal expiratory
pressure of 90 cmH2O.

The six-minute walk test results were normal
(the patient covered 420 m without any drop in
oxygen saturation by pulse oximetry or any
changes in the Borg dyspnea scale score).

Polysomnography revealed alterations in sleep
architecture, with a decrease in the percentage of

Figure 1 - Computed tomography scan of the chest in the
ventral decubitus position. Note the homogeneous
opacities in the lung bases, which are consistent with areas
of pulmonary collapse, probably due to hypoventilation

TABLE 1

Spirometry in two positions

       Patient sitting      Patient lying down
                Observed  % predicted  Observed  % predicted  % alteration
FVC 2,57 66 1,35 35% -47
FEV1 2,12 66 1,02 31% -52
FEV1/FVC 83% 75%
FEF 25%-75% 2,22 64
FVC: forced vital capacity; FEV1: forced expiratory volume in one second; FEF
25%-75%: forced expiratory flow between 25% and 75% of FVC
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Figure 2 - Spirometry in two positions. Flow-volume curve in
two positions, sitting and lying down. The values are shown
in Table 1

     Lying down

    Sitting

L/s

phase 3 and 4 sleep (14.3%) as well as in that of
REM sleep (16.7%), and the apnea/hypopnea index
was 5.5/h (acceptable).

To specifically evaluate diaphragmatic function,
two additional tests were carried out. External
electrostimulation of the diaphragm, a test in which
electrodes are positioned in the seventh intercostal
space, which then receives direct electrical
stimulation, was conducted, revealing visible and
palpable bilateral contraction of the diaphragm in
response to the electrical charge. External cervical
electrostimulation of the phrenic nerves showed
severe axonal and myelinic involvement of both
phrenic nerves, which is consistent with a clinical
diagnosis of severe bilateral mononeuropathy.

DISCUSSION

What called attention in the clinical profile of
the patient was the immediate worsening of
dyspnea upon reclining, as well as the practically
instantaneous improvement upon standing. This
indicated that the supine position, in which the
abdominal viscera push the diaphragm upwards,
thereby hindering its contraction and reducing its
effectiveness, triggered the worsening of the
symptomatology.

Upon physical examination, the observation of
“paradoxical respiration", in which the abdominal

content is "sucked" into the abdominal cavity during
inspiration (when normally it is "pushed" outwards),
was highly suggestive some type of diaphragmatic
dysfunction.

Given this hypothesis, several tests can be useful.
Spirometry can either present restriction (decreased
vital capacity or forced vital capacity) or be normal
(if carried out in the orthostatic position). To make
the spirometry test more precise, especially when
diaphragmatic weakening is suspected, it can be
conducted twice: once with the patient standing
and once with the patient sitting or lying down. A
40% or greater reduction in the forced vital capacity
measured in the supine position when compared
with the sitting/orthostatic position strongly
suggests involvement of the diaphragm.(1-2) Patients
with amyotrophic lateral sclerosis(3) and other
neuromuscular diseases present a significant
decrease in vital capacity in the supine position when
compared with the sitting position.(4)

The measurements of maximal inspiratory
pressure and maximal expiratory pressure are
frequently used in the overall evaluation of
respiratory muscle force.(5-6) Normal values for adults
and children are well established.(5) A test that
results in a highly negative maximal inspiratory
pressure (approximately 80 cmH2O) or in a positive
maximal expiratory pressure (90 cmH2O) rules out
clinically significant inspiratory or expiratory
muscular weakness.(7) In this patient, the maximal
inspiratory pressure measured was 25 cmH2O (38%
of predicted) and the maximal expiratory pressure
was 90 cmH2O (normal).(8)

The principal alteration found in the
polysomnography was a decrease in the percentage
of phase 3 sleep, phase 4 sleep and REM sleep. In
the REM phase, most skeletal muscles lose much of
their tone, the exceptions being the diaphragm and
extra-ocular muscles. Normally there is a decrease in
the tidal volume, minute ventilation and inspiratory
flow. In this phase, respiration depends principally
on the activity of the diaphragm. Therefore,
individuals presenting weakening of the respiratory
muscles are more susceptible to hypoventilation in
the REM phase and in the transition from the NREM
phase to the REM phase. Hypoventilation episodes
provoke a drop in arterial oxygen tension and an
increase in arterial carbon dioxide tension.(9)

The imaging tests did not add much
information, except for showing the reduced
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volume in the lung bases, which can be observed
in the X-ray and computed tomography of the
chest (Figure 1). When the patient changes the
decubitus position (from supine to prone), the
hypoventilated area is also altered, which shows
that these areas of hypoventilation are perfectly
expandable.

Although fluoroscopy is a useful test for the
evaluation of diaphragmatic excursion, it can,
depending on the position in which it is carried
out, generate false-negative results.(10)That is what
occurred in this case, in which the results of the
test were normal, probably because it was carried
out with the patient standing, since he did not
tolerate the dorsal decubitus position.

More sophisticated tests, such as electrostimulation
of the phrenic nerve, electromyogram of the diaphragm
and measurement of transdiaphragmatic pressure, can
demonstrate unequivocally the involvement of the
phrenic nerve-diaphragm axis.

Direct stimulation of the diaphragm (which was
carried out in this case) demonstrates the
contractile response of the muscle, whereas the
electromyogram provides a qualitative evaluation
of muscular activity, which is useful in some
neuropathic and myopathic conditions.

The phrenic nerve can be stimulated directly or
externally (transcutaneously). The total absence of
any diaphragmatic response to external stimulation
should raise the suspicion that the phrenic nerve is
dislocated.(11) This test is quite accurate and has the
advantage of being noninvasive

Transdiaphragmatic pressure is measured by
calculating the difference between gastric pressure
and esophageal pressure, reflecting diaphragmatic
tension. It is an invasive test that is sometimes
poorly tolerated by patients, since the placement
of two balloons (one in the mid-esophagus and
another in the stomach) is required in order to
measure maximal inspiratory pressure.

Bilateral diaphragmatic mononeuropathy is a rare
condition that is difficult to identify, and the mean
time to diagnosis varies from six weeks to ten years.(2)

The delay in diagnosis leaves the patient chronically
exposed to periods (generally nocturnal) of
hypoventilation, which occasionally produces
serious consequences such as cor pulmonale.

Various situations can be associated with
paresis or diaphragmatic paralysis. Such situations
include the following: muscular or neuromuscular

diseases (myopathies, motor neuron diseases);
traumas leading to lesions in the bone marrow;
direct surgical traumas or traumas secondary to
hypothermia during cardioplegia (heart surgery);
polyneuropathies (infectious, noninfectious and
idiopathic); lupus erythematosus; and paraneoplasic
syndrome. In many cases, however, it is not possible
to establish the etiology.(2,10,14)

The principal objective of the treatment is to
maintain adequate ventilation, thereby avoiding
complications associated with chronic hypoventilation.
In some cases of idiopathic paresis or paresis associated
with viral diseases, there can be spontaneous regression
of neural or muscular involvement.(14)

Many patients have already been treated with
invasive mechanical ventilation, either through
tracheostomy or through negative pressure
ventilators, such as the so-called “cuirass" or
abdominal ventilators (Pneumobelt).(2)

Currently, however, the best options of ventilatory
support are offered by ventilators involving masks
(noninvasive ventilation), such as those with two
levels of positive pressure (BiPAP® type).

After the diagnosis, this patient remained at
home, using noninvasive positive pressure
ventilation at an inspiratory pressure of 12 cmH2O
and an expiratory pressure of 6 cmH2O, pressure
levels to which he adapted well. This type of home
ventilatory support has some advantages, such as
its relatively low cost (when compared with invasive
measures) and the portability of the equipment,
which permits the individual to lead a practically
normal life with nearly no limitations to his daily
activities.

The use of a diaphragmatic pacemaker is yet
another therapeutic option, albeit temporary, since
its prolonged use is not possible due to provoking
fatigue of the diaphragm muscle.
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