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A B S T R A C T

Myofibrillar myopathies (MFM) are a group of heterogenic muscular disorders characterized by
histological disorders with accumulation of myofibrillar degradation products and providing dis-
organization of the myofibril network. Respiratory muscles may be involved in this disease. Ul-
trasound is used to assess not only the diaphragm but also the parasternal intercostal muscle.
Parasternal intercostal muscle thickening may be used as an index of respiratory effort particu-
larly in patients with diaphragm failure. We report the case of high parasternal intercostal muscle
thickening associated with diaphragm dysfunction in a patient with MFM.

1. Introduction
Myofibrillar myopathies (MFM) are a group of heterogenic muscular disorders characterized by histological disorders affecting

the Z-disc, with accumulation of myofibrillar degradation products and providing disorganization of the myofibril network [1]. This
disease may be in relation with mutations in DES, CRYAB, ZASP, MYOT, FLNC and BAG3 genes [2]. Diagnosis relies on clinical fea-
tures, muscle biopsy and genetic findings. Muscle biopsy reveals classically accumulation of aggregates of desmin, a type III interme-
diate filament within the sarcoplasma, and myofibrillar degeneration [1,2]. Clinical pattern is characterized by proximal and distal
muscle weakness. Cardiomyopathy may be present with a risk of atrio-ventricular conduction blocks and arrhythmia in patients with
DES mutations. In late stage, patients may become wheelchair bounded. Respiratory muscles may be involved, particularly in late
stage of disease [1,2].Ultrasound can be used to assess respiratory muscle function, particularly the diaphragm and the parasternal in-
tercostal muscles [3]. Parasternal intercostal muscle ultrasound is a radiological technique with high inter-observer reproducibility
[4]. In practice, a linear probe is used for this analysis. The probe is placed, between the second and the third ribs, laterally in a sagit-
tal plane, from the sternum. The parasternal muscle is visualized using B mode as a three-layered biconcave structure. Muscle
parasternal thickness was measured above the pleural line between the two hyper – echogenic visualized layers [5]. Thus, parasternal
intercostal muscle thickening is used as a biomarker of respiratory effort [3]. Here, using ultrasound, we report the case of a high uti-
lization of parasternal intercostal muscle associated with diaphragm dysfunction in an adult patient with MFM. The patient has given
his consent for the study.

Abbreviations: MFM, myofibrillar myopathy; TFic, thickening fraction of the parasternal intercostal muscle.
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1.1. Case report
A 59-year-old patient was admitted for cardiorespiratory evaluation in our center. Diagnosis of MFM was established 12 years ago

on muscle biopsy showing typical myofibrillar myopathy with intracytoplasmic desmin-positive protein aggregates and genetic study
found p.Arg120Gly missense mutation in the CRYAB (αB - crystallin) gene [6].The patient was wheelchair bounded and had proximal
and distal muscle weakness. He was on nocturnal non-invasive ventilation for ten years because of chronic respiratory insufficiency.
He took daily angiotensin II receptor blocker and beta-blocker for arterial hypertension. At admission, body mass index was at 20
kg/m2. Systolic blood pressure and diastolic blood pressure were respectively at 130 mmHg and 70 mmHg and heart rate was at 68
bpm. Pulse oximetry revealed oxygen saturation at 97% on room air. Electrocardiogram disclosed a sinus rhythm. Doppler-
echocardiography was normal. Spirometric tests revealed respiratory restrictive insufficiency and an indirect diaphragm dysfunction,
attested by a reduction of the forced upright forced pulmonary vital capacity (VC) 33% that dropped to 26% in supine position. Maxi-
mal inspiratory and maximal expiratory pressures were reduced, respectively 23 cmH20 and 70 cmH20. Blood gas exchange found
pH 7.40, PCO2 at 51 mmHg and bicarbonates at 32mmol/l. Ultrasound study focusing on diaphragm and parasternal intercostal mus-
cle was done, the patient being on spontaneous ventilation. Diaphragm ultrasound revealed significant diaphragm dysfunction with
paradoxical ultrasound sniff diaphragm motion (−7 mm for the right hemi diaphragm and −14 mm for the left hemi diaphragm) (Fig.
1A). We used also ultrasound to assess parasternal muscle by the measurement of the parasternal intercostal muscle TFic, that is cal-
culated from the measurement of parasternal intercostal thickness end expiratory and parasternal intercostal thickness end inspira-
tory using this formula: parasternal TFic = (end inspiratory parasternal intercostal thickness - end expiratory para sternal intercostal
thickness)/end expiratory parasternal intercostal thickness (Fig. 1B). Ultrasound found a higher right parasternal intercostal muscle
solicitation at rest breathing (5.6 mm at expiratory/7.9 mm at inspiration) with a parasternal intercostal muscle thickening fraction at
41% (Fig. 1B).To optimize ventilation, noninvasive ventilation settings were modified with an increase of the inspiratory positive air-
way pressure level.

2. Discussion
Respiratory dysfunction may be a feature on patients with myofibrillar myopathies. Here, we report the case of an adult patient

with MFM, complicated with chronic respiratory insufficiency and diaphragm dysfunction. We showed, using ultrasound, that the use
of parasternal intercostal muscle is high in this situation. In fact, in response to an increase of the respiratory load or in case of di-
aphragm dysfunction, accessory inspiratory muscles such as scalene and sternocleidomastoid muscles are engaged [7]. In the context
of diaphragm insufficiency, inspiratory intercostal muscles are solicited to compensate respiratory deficiency. This phenomenon is
well descripted in Intensive Care Unit patients in the context of weaning trial failure [7]. Parasternal intercostal muscles are easily
evaluated with ultrasound, at bedside. This technique is feasible and reproducible [5]. Since parasternal thickening decreases gradu-
ally from the second to the fifth interspace, studies on muscle intercostal parasternal ultrasound focused mainly on the second-third
intercostal region [8]. In healthy subjects, at rest, normal end expiratory parasternal intercostal muscle thickness is at 2.8 mm and
TFic is at 3% in healthy persons [4]. In patients with diaphragm dysfunction, TFic value can be used as an ultrasound parameter that
reflects respiratory effort in patients on pressure support ventilation [3]. In our reported case of patient with diaphragm dysfunction,
the parasternal TFIc was higher (41%). Thus, parasternal intercostal muscle thickening may be a biomarker of respiratory effort. In
addition the increase of end expiratory parasternal intercostal thickness of this muscle suggests an adaptation of this muscle due to
the chronic diaphragmatic dysfunction. Moreover, intercostal parasternal ultrasound technique could be useful to adapt mechanical
ventilation. Indeed, since the diaphragm is the main inspiratory muscle during REM sleep, MFM patients might not be able to sustain
REM sleep if the other inspiratory muscles are essential to maintain normocapnia. Therefore the necessary condition, which may not
be sufficient to avoid hypoventilation during REM sleep, is to reduce to the minimum the intercostal parasternal activity under nonin-
vasive ventilation during wakefulness to be sure that ventilation is able to compensate diaphragmatic dysfunction without the in-

Fig. 1. A and 1B: Diaphragm ultrasound in a patient with myofibrillar myopathy associated with chronic respiratory insufficiency 1A: right diaphragm paradoxical
sniff TM motion TM: time movement, 1B: major utilization of the right parasternal intercostal muscle at rest breathing, The end expiratory thickness parasternal in-
ter costal muscle is at 5.6 mm. The end inspiratory thickness of the parasternal intercostal muscle is at 7.9mm; the thickening fraction of the parasternal intercostal
muscle (TFic) is at 41%.
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volvement of accessory inspiratory muscles. In fact, Dres et al. [4] reported a correlation between the decrease in parasternal muscle
thickening fraction and the increase in pressure support. In addition, in a study that included esophageal pressure, diaphragm and
parasternal intercostal muscles ultrasound, the parasternal TFic was not increased in patients without diaphragm dysfunction [3]. As
already reported, parasternal muscle intercostal thickening fraction (TFic) was measured at 17% in patients with diaphragm dysfunc-
tion versus a parasternal intercostal muscle TFic at 5% in patients without diaphragm dysfunction [4].

This study is limited since it is a case report focusing on a rare disease. More mono-centric and multi-centric studies focusing on
the ultrasound parasternal intercostal muscle assessment and diaphragm analysis will be helpful to characterize respiratory status pa-
tients with MFM.

3. Conclusion
Ultrasound may be useful to assess and to monitor patients with neuromuscular disorders that are at risk of respiratory insuffi-

ciency. In this setting, in patients with MFM, ultrasound may be used to assess respiratory effort, focusing on the measurement of the
parasternal intercostal muscle thickening.
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