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Abstract

Spinal muscular atrophy with respiratory distress type 1 (SMARD1, OMIM #604,320), is a rare autosomal recessive disease
resulting from degeneration of motor neurons in the anterior horns, which leads irreversible diaphragmatic palsy and pro-
gressive distal symmetrical muscular weakness. Respiratory distress is the main symptom and is severe, rapidly progressive,
and frequently requiring invasive ventilation. Despite diaphragm being one of the target organ of the disease, no specific
study has been done using ultrasound.We report diaphragm and lung ultrasound findings of a 13-month-old girl affected by
SMARDI1 (homozygosis c.1540G > A mutation in IGHMPB?2 gene) with respiratory failure requiring permanent mechani-
cal ventilation since birth and we discuss the role of diaphragmatic and lung ultrasound in this category of patients and its

clinical implications.
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Introduction

Spinal muscular atrophy with respiratory distress type 1
(SMARD1, OMIM#604,320), is a rare autosomal reces-
sive disease resulting from degeneration of motor neurons
in the anterior horns. The actual prevalence of SMARDI1
is unknown, but diaphragmatic paralysis is observed in
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approximately 1% of patients with an early onset of the
clinical features of spinal muscle atrophy and an estimated
incidence of 1/100,000 [1, 2].

The main clinical features of this disease include neona-
tal onset (within the year of life), diaphragmatic paralysis
and the wasting of distal limb muscles, which leads affected
individuals to be completely dependent on ventilatory sup-
port (between 6 weeks and 6 months of age) and the daily
supportive care of parents or caregivers [1, 2].

The clinical symptoms rapidly progress in the first years
of life, with distal limb muscular atrophy extending to proxi-
mal regions. The overall prognosis is poor, and progressive
autonomic nervous system dysfunction also develops in
association with the progressive worsening of motor func-
tions in affected children. No effective treatment is available
yet, but novel therapeutic approaches, such as gene therapy,
have shown encouraging results in preclinical settings and
thus represent possible methods for treating SMARDI.
Significant advancements in the understanding of both the
SMARDI clinical spectrum and its molecular mechanisms
have allowed the rapid translation of preclinical therapeutic
strategies to human patients to improve the poor prognosis
of this devastating disease [1].
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Despite diaphragm being one of the target organ of the
disease, no specific study has been done using ultrasound. In
addition, very few rare studies have described the lung ultra-
sound findings in patients with neuromuscular disease [3].

Case report

We report diaphragm and lung ultrasound findings of a
13-month-old girl affected by SMARD1 (homozygosis
¢.1540G > A mutation in /IGHMPB2gene) with hypotonia,
symmetrical distal muscular weakness, areflexia and res-
piratory failure requiring permanent mechanical ventilation
(APCV mode, IPAP 23 cmH20, PEEP 5 cmH20 with 2 L/
min oxygen support) since birth.

The patient was evaluated from the radiographic and
ultrasound point of view in a phase of clinical and respira-
tory stability during one of the scheduled follow-up checks.

Chest X-ray showed eventration of right diaphragm dome
(Fig. 1a).

Diaphragm ultrasound was performed by an expert pedia-
trician using an Esaote (MyLAb 40) portable system with a
12-MHz linear probe. The patient was placed in the supine
position and ultrasound examination was performed during
quiet spontaneous breathing, excluding moments of crying
or coughing. The evaluation of right diaphragm thickness
at ultrasound examination was performed as previously
reported [4, 5].

The standard B-mode image of the diaphragm was
acquired placing the linear probe in the ninth or tenth inter-
costal space (therefore, following an oblique plane along
the intercostal space, to see the longitudinal view of the
diaphragm), between the anterior axillary and midaxillar-
yline [4, 5], at 0.5-2 cm below the costophrenic sinus. In the
B-mode image, the diaphragm thickness at end expiration
(TEE) and at end inspiration (TEI) was measured.

Fig.1 Chest X-ray and point-of-care ultrasound findings. X-ray
shows right diaphragm dome eventration (black arrow) and suspected
left pleural effusion (black arrow-head) (a). B-mode diaphragm ultra-
sound shows diaphragm thickening on inspiration (b) and expiration
(c) is showed between the crosses. M-mode imaging from the right
subcostal area shows the functioning diaphragm represented as an
echogenic line (d). Inspiration is identified on the sonographic trac-
ing as upward flexion; expiration is identified as downward flexion.
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Estimation of diaphragmatic excursion was conducted by measuring
the vertical distance between the upper border of the liver at the end
of expiration to the upper border of the liver at the end of inspiration.
This vertical distance represents right diaphragmatic excursion (d,
white crosses). Grayscale lung ultrasound examination shows, on the
left basal field, a subpleural consolidation with static air broncograms
and parallel to each other of an atelectasis nature (e, white circle). In
the same area no pleural effusion was detected
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Subsequently, the diaphragmatic functionality was also
studied in time-motion mode (M-mode)—with a convex
probe—where the normal diaphragm is represented as a
hyperechogenic line that moves during the acts of breath
(Fig. 1d). In this imaging, during inspiration, the diaphragm
moves towards probe and this is recorded as an upward
motion of hyperechogenic line corresponding to the pleural
and peritoneal membranes (Fig. 1d); during expiration, the
diaphragm moves away from transducer resulting in a down-
ward inflexion. The amplitude of excursion of the hemidi-
aphragm is measured on the vertical line drawn from the
baseline to the point of the maximum height of the inspira-
tion [4, 5].

This vertical distance represents right/diaphragmatic
excursion [4, 5].

Our patient’s point-of-care diaphragmultrasound evalua-
tion showed thinning of both diaphragms with a diaphragm
TEI of 0.06 cm (Fig. 1b) and TEE of 0.04 cm (Fig. lc).
These values are 2-3 times lower than the pediatric values
reported in the literature [4—6].Diaphragm excursion was
of 0.41 cm (Fig. 1d). Point-of-care ultrasound (POCUS)
confirmed a stable diaphragmatic function despite chang-
ing ventilation parameters (APCV mode, IPAP 18 cmH20,
PEEP 5 cmH20, no oxygen support): TEI 0.07 cm, TEE
0.05 cm, diaphragm excursion 0.44 cm.

Discussion

The diaphragm acts as the main respiratory muscle during
inspiration and accounts for 70% of the inspired air volume
during regular breathing [7].

In the framework of SMARDI, the degeneration of motor
neurons in the anterior-horns leads irreversible diaphrag-
matic palsy and progressive distal symmetrical muscular
weakness [1, 2].

The periodic assessment of diaphragmatic function, as
the main inspiratory muscle, may prove to be important to
evaluate the evolution of the disease of each patient affected
by SMARDI.

The techniques traditionally employed to assess diaphrag-
matic weakness or paralysis, such as transdiaphragmatic
pressure, electromyography, fluoroscopy, and plethysmog-
raphy are, however, either highly invasive or very complex
and are not easily applicable in a routine follow- up [1, 2].

Chest X- ray, which can show the characteristic eventra-
tion (the abnormal elevation) of the right or, less frequently,
both hemidiaphragms, which is considered a highly sug-
gestive sign of SMARDI (Fig. 1a), plays a core role in the
diagnostic pathway [1, 2]. However, it does not allow to spe-
cifically and directly evaluate the morphology and diaphrag-
matic function, as well as not being able to be performed
routinely due to the ionizing radiation associated with it.

Ultrasonography (US) has proven to be useful as a pos-
sible alternative to study both diaphragmatic structure
and function, in particular diaphragmatic thickness [8],
thickening fraction in adults [9]and children [4, 5] and
excursion[10].

So far, its role in SMARD patients has never been investi-
gated and despite diaphragm being one of the target organ of
the disease no specific study has been done using ultrasound.

Our results report for the first time US finding in a
SMARDI patient. Despite presenting an extremely thinned
diaphragm, POCUS allowed us to define baseline personal-
ized data useful to monitor the patient during follow-up.

POCUS technique can be used not only to detect the thin-
ning of the diaphragm and to evaluate its function, but also
to assess the morphology of the lung parenchyma in the
different clinical conditions of the same patient. Lung ultra-
sound allows to differentiate the areas of opacity detected
on chest radiography (pleural effusion, consolidations and
atelectasis) with a sensitivity and specificity that exceeds
90% [14]. As demonstrated by several studies [11-16], LUS
is able to differentiate between a consolidation (associated
or not with pleural effusion) of an inflammatory/infective
nature (which normally presents air dymanic and/or fluid
broncograms) from a consolidation of an atelectasis nature
(which normally presents itself as a subpleruic consolidation
with static and parallel bronchograms) [15, 16] (Fig. le).

In particular, these ultrasound findings have an important
clinical implication in this context.

If on the one hand the fragile condition of this category
of patients results in an use of continuous radiological
exams involving a frequent exposure to ionizing radiation
and it is, therefore, essential to exploit the advantages of
lung ultrasound as a noninvasive, reproducible, radiation-
free diagnostic tool; on the other hand these patients with
SMARDI1(as well as other neuromuscular patients)undergo
various respiratory complications [1-3], in particular of an
infectious and/or disventilatory type which, if studied and
followed only with chest X-ray, risk always being treated
with antibiotic therapy even when not necessary with the
risk of developing antibiotic resistance, an undesirable con-
dition in such fragile patients.

In our case, in particular, the chest X-ray (Fig. 1a) high-
lighted the presence of an area of reduced transparency in
the left basal area identified as an area of suspected pleural
effusion. Lung ultrasound instead characterized the afore-
mentioned lesion in the left basal area as an air of atelectasis
without detecting any pleural effusion (Fig. le).We were
therefore able to personalize the treatment for our patient
without administering useless antibiotic therapy having
excluded the presence of a lung infectious process but by
optimizing the treatments to resolve the lung disventilation
(modification of the ventilatory setting and strengthening of
respiratory physiotherapy).
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Considering the growing incidence and survival of neuro-
muscular patients, further studies are needed to standardize
the use lung and diaphragm bed-side un-invasive diagnos-
tic/functional techniques need even in these categories of
patients who require more and more personalized therapies
and follow-ups.
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