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Abstract

:

A subgroup of COVID-19 patients requires intensive respiratory care. The prolonged immobilization and aggressive treatments predispose these patients to develop intensive care unit-acquired weakness (ICUAW). Furthermore, this condition could increase the chance of positioning-related peripheral nerve injuries. On the basis of the latest literature review, we describe a case series of three patients with COVID-19 who developed ICUAW complicated by positioning-related peripheral nerve injuries Every patient presented sensorimotor axonal polyneuropathy and concomitant myopathy in electrophysiological studies. Furthermore, muscle MRI helped the diagnosis of ICUAW, showing massive damage predominantly in the proximal muscles. Notably, nerve ultrasound detected positioning-related peripheral nerve injuries, even though the concomitant ICUAW substantially masked their clinical features. During the acute phase of severe COVID-19 infection, most medical attention tends to be assigned to critical care management, and neuromuscular complications such as ICUAW and positioning-related peripheral nerve injuries could be underestimated. Hence, when starting post-ICU care for COVID-19 cases, the combination of electrophysiological and imaging studies will aid appropriate evaluation on the patients with COVID-19-related ICUAW.
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1. Introduction


Intensive care unit-acquired weakness (ICUAW) is an acquired neuromuscular disorder in critical patients characterized by generalized muscle weakness and failure to wean from the ventilator. It consists of three subtypes: critical illness polyneuropathy (CIP); critical illness myopathy (CIM); and critical illness neuromyopathy (CINM), a combined form of CIP and CIM [1,2]. In general, ICUAW is seen in approximately 25–45% of critically ill patients and is associated with prolonged mechanical ventilation and hospitalization, increased mortality, and poor functional ability in post-ICU patients [1,2,3,4].



Since the coronavirus disease-19 (COVID-19) outbreak started, ICU departments have been under high pressure because approximately 15% of COVID-19 cases develop acute respiratory distress syndrome (ARDS) requiring ICU admission [5]. In this regard, several researchers have insisted that severe COVID-19 cases can be more predisposed to develop ICUAW than general ICU patients [5,6,7,8,9]. Firstly, COVID-19-related ARDS requires rigorous mechanical ventilation with deep sedation to avoid lung injury due to ventilator dyssynchrony, typically seen in this complication, and the condition could result in excessive immobilization, a major risk factor of ICUAW [5,6,8,10]. Furthermore, the characteristics of severe COVID-19 patients, such as older age, multiple comorbidities including diabetes, cytokine overproduction, and the use of corticosteroids for the treatment, could also contribute to developing ICUAW [5,6,7,8,11,12,13,14]. In light of these clinical aspects and the current pandemic situation, many researchers are concerned about the growing incidence of COVID-19-related ICUAW [6,7,13,14].



In addition to ICUAW, peripheral nerve injuries during ICU care have been reported as another possible neuromuscular complication in COVID-19 cases [15,16,17,18,19]. While peripheral nerve injury is a known complication in general ICU care, COVID-19 patients may be more prone to this complication due to intensive respiratory management, including prolonged immobilization and prone positioning, leading to unexpected compression and stretching of the nerves [15,16,17,20].



In this case series, we describe three COVID-19 patients with ICUAW complicated by peripheral nerve injury. We discuss the utility of electrophysiological studies, nerve ultrasound (NUS), and muscle MRI to evaluate the characteristic neuromuscular complication of COVID-19 on the basis of the latest literature review.




2. Case Presentation


2.1. Case 1


A 52-year-old man developed ARDS due to a COVID-19 infection requiring ICU admission. Because of the severe respiratory failure, he underwent long-term mechanical ventilation (60 days), intermittent prone positioning, and extracorporeal membrane oxygenation (ECMO). During the clinical course, he also developed septic shock and multiple organ failure. The first neurological evaluation performed on day 46 revealed generalized muscle weakness and atrophy, as well as absent tendon reflexes. Nerve conduction study (NCS) revealed sensorimotor polyneuropathy with a decreased compound muscle action potential (CMAP) in the right median nerve (0.7 mv) and decreased sensory nerve action potential (SNAP) in the right radial nerve (4.0 µv). Electromyography (EMG) revealed denervation potential in the right biceps brachii; the voluntary activity was not assessed due to the effect of sedation. These findings suggested the existence of ICUAW.



After being weaned off from mechanical ventilation, the patient was transferred to our rehabilitation unit on day 75. He showed severe generalized muscle weakness (MRC sum score: 27/60) and marked dysesthesia and hypesthesia, predominantly in the distal legs. Furthermore, ankle dorsiflexion was relatively weaker than plantar flexion on both sides (MRC scale: 0/5 for dorsiflexion and 2/5 for plantar flexion, bilaterally), indicative of concomitant bilateral fibular nerve neuropathy, although the findings were not identified during the ICU admission. The patient underwent muscle MRI for the first evaluation of ICUAW. STIR images of the MRI showed diffuse hyperintense lesions predominantly in the truncal and proximal limb-girdle muscles, suggesting denervation or intramuscular edema (Figure 1A). After the examination, neurophysiological studies were performed. NCS revealed sensorimotor polyneuropathy with an absent CMAP on the bilateral fibular and tibial nerves and absent SNAP on the bilateral sural nerve. Furthermore, the right median nerve showed prolonged CMAP duration (11.2 ms), suggesting concomitant CIM (Figure 2). Meanwhile, there were no marked abnormalities in latency and nerve conduction velocity (NCV) that could suggest Guillain–Barré syndrome (GBS) with acute demyelinating polyradiculoneuropathy variant. EMG showed neurogenic changes with denervation potentials in the right deltoid muscle and complete denervation in the bilateral tibialis anterior muscle. NUS confirmed bilateral fibular compression neuropathy showing nerve swelling with an increased cross-sectional area between the fibular head and the popliteal fossa in both legs (Figure 3A). Meanwhile, no abnormalities were found in other nerves, including the brachial plexus on NUS. On the basis of these findings, we diagnosed CINM complicated by bilateral fibular nerve compression neuropathy. He underwent a multidisciplinary rehabilitation program, and three months later, muscle strength and functional ability showed a significant improvement (MRC sum score 41/60, Barthel index: 89/100); however, persistent severe bilateral foot drop was still affecting the patient’s gait performance. A summary of the clinical information is described in Table 1.




2.2. Cases 2 and 3


We encountered another two patients with COVID-19-related ICUAW complicated by peripheral nerve injury. Their clinical information is also displayed in Table 1.



During their ICU admission, ICUAW was diagnosed on the basis of generalized muscle weakness and abnormal spontaneous activities in EMG. After being transferred to our unit, the patients underwent further evaluations. Careful physical examinations revealed left wrist drop in case 2 and bilateral first dorsal interosseous muscle atrophy in case 3, suggesting a focal sign of radial nerve neuropathy and ulnar nerve neuropathy. However, the findings were barely detectable due to the generalized muscle weakness and atrophy. In both cases, electrophysiological studies revealed the coexistence of sensorimotor polyneuropathy and myopathic elements. Specifically, both cases showed prolonged CMAP duration in NCS and showed myopathic changes in EMG. On the basis of these findings, we confirmed CINM in both cases.



Notably, NUS identified compression neuropathy in the left radial nerve in case 2 and bilateral ulnar nerve in case 3. Focal nerve swelling suggesting nerve compression was observed at the left spiral groove in case 2 and at the bilateral cubital tunnel in case 3 (Figure 3B,C). These compression neuropathies were not identified during their ICU admission, as was the case with case 1. Furthermore, NCS did not show typical findings of compression neuropathy due to the underlying sensorimotor polyneuropathy. Regarding MRI, both cases showed massive hyperintense lesions, suggesting intramuscular edema predominantly in the truncal and proximal limb-girdle muscles in STIR imaging. Of note, in case 3, hyperintense lesions were more prominent in T1 imaging than in STIR imaging, suggesting fatty filtration, a typical finding of chronic phase ICUAW (Figure 1B,C).



After the patients received a 3-month multidisciplinary rehabilitation program, an overall functional outcome in both cases achieved a good outcome (Barthel index: 90/100 and 95/100 for cases 2 and 3, respectively); however, in case 2, the severe left wrist drop persisted for more than three months, affecting the patient’s daily activity.





3. Discussion


3.1. COVID-19-Related ICUAW


3.1.1. Epidemiology of COVID-19-Related ICUAW


Since early 2020, research on COVID-19-related ICUAW have been rapidly increasing [7,9,21,22]. Several studies have reported that COVID-19 demonstrates various kinds of neurological complications such as headache, stroke, epilepsy, encephalopathy, myositis, and Guillain–Barré syndrome [23,24,25,26]. Nevertheless, ICUAW may be one of the most problematic neuromuscular complications of COVID-19, considering the burden on the patients and healthcare workers originating from its criticalness during the acute phase and poor functional outcome as a long-term after effect [2,14,22].



Epidemiological data regarding COVID-19-related ICUAW is still scarce. Recent observational studies on ICU cohorts reported that 4.9–10% of severe COVID-19 cases were diagnosed with CIP, CIM, or CINM confirmed by conventional electrophysiological studies [7,9]. Meanwhile, Van Aerde et al. reported that 72% of the patients were diagnosed with ICUAW using minimum criteria without electrophysiological studies [8]. These results may reflect the fact that non-essential studies were delayed because of the severe nature of the disease, and some patients could die before appropriate electrophysiological evaluation [7]. Hence, at present, COVID-19-related ICUAW might have been underestimated in clinical practice [22].



To date, it is still controversial as to whether COVID-19-related ICUAW is distinct from other types of ICUAW. Several researchers insist on the need for the survey on a larger cohort of COVID-19 cases to solve this issue [7,9,13,14,17,21,22]. Nevertheless, no distinctive features have been reported in COVID-19-related ICUAW regarding basic clinical findings, such as the patient’s background, clinical symptoms, and electrophysiological and pathological studies [7,13,14,17]. In this context, our three cases showed known features of ICUAW. Specifically, the patients had a history of ARDS, septic shock, and MOF, and risk factors such as long-term mechanical ventilation with deep sedation, the use of neuromuscular blocking agents, and corticosteroids therapy. Furthermore, electrophysiological studies showed sensorimotor axonal neuropathy with concomitant myopathic element, which concurred with CINM [1,2,27].




3.1.2. Utility of Electrophysiological Studies in Diagnosing ICUAW


Several studies have reported that COVID-19-related ICUAW emerges as CIP, CIM, or CINM, as with ordinary ICUAW [7,9,13,14,17,22,28]. CIP is a primary symmetrical sensorimotor axonal polyneuropathy. While the subtype dominantly affects the distal muscles, the proximal muscles, including the respiratory muscles, are usually involved. CIM is a primary myopathy that is not secondary to muscle denervation, and its clinical features are usually similar to those seen in CIP, presenting generalized muscle weakness and difficulty in weaning from the ventilator. CINM is a combined form of CIP and CIM, and the form is possibly more common than CIP and CIM in non-COVID-19 ICUAW [1,2,29].



If the patient is alert and cooperative, the MRC sum score evaluated by a manual muscle test helps diagnose ICUAW on the basis of a score less than 48/60. Additionally, examining sensory disturbance will be a clue to distinguish CIP and CINM from CIM [1,2]. However, it is often challenging to obtain adequate information from physical examinations because of the patient’s conditions such as mechanical ventilation, deep sedation, and the critical illness itself, including coma [1,2]. Furthermore, the defined scale of MRC sum scores above 48/60 could limit the sensitivity to detect subtle changes in muscle function [28,30]. Bax et al. reported that four out of six severe COVID-19 patients were diagnosed with CIP, CIM, or CINM by electrophysiological studies, even though their MRC sum scores were above 48/60 [28]. When these issues are considered, electrophysiological studies are essential to achieve an accurate diagnosis [2,7,14].



In our case series, EMG and NCS successfully identified ICUAW, even during ICU admission, and further studies after the discharge diagnosed CINM in all three cases. It is known that NCS shows decreased or absent CMAP amplitudes in all three subtypes, with decreased or absent SNAP amplitudes potentially being a sign of CIP and CINM [1,2,7,14,27]. Furthermore, as shown in our cases, prolonged CMAP duration can be found in CIM and CINM, and particularly, it appears without slowing of nerve conduction, reflecting reduced muscle fiber excitability [22,31]. This specific finding may be useful for excluding other neuromuscular complications with generalized muscle weakness in COVID-19, such as Guillain–Barré syndrome and myositis [25,26].



In general, EMG shows varying degrees of fibrillation potentials and positive sharp waves in spontaneous activity assessment in all three subtypes of ICUAW [1,2]. If voluntary activity assessment is available, CIP shows a neurogenic pattern, and CIM shows a myopathic pattern; however, both features could often coexist in one individual [1,2,27]. The specific EMG features of COVID-19-related ICUAW are still uncertain. In fact, we could not figure out specific findings in our cases with conventional EMG evaluation with qualitative assessment. However, according to Martinez et al., quantitative EMG assessment revealed that CIM tended to show more abundant spontaneous activities than other subtypes in COVID-19-related ICUAW [7].




3.1.3. Functional Outcome of COVID-19-Related ICUAW


The evidence regarding the long-term functional outcome in COVID-19-related ICUAW is still under development [7,32]. Regarding non-COVID-19 ICUAW, it is known that it causes long-term effects; although muscle weakness improves in time, functional status and quality of life can be substantially affected over months to years [4,29,33]. Regarding this, Van Aerde et al. reported a similar tendency in COVID-19-related ICUAW on the basis of a short period 3-month observational study focused on hospitalized cases [8]. The study revealed that even though the MRC sum score improved throughout hospitalization, the impact on functional status, measured by ICU mobility score and Barthel index, remained substantial in COVID-19-related ICUAW. Meanwhile, the difference in long-term effects between CIP, CIM, and CINM in COVID-19 cases is still unclear. Past studies on non-COVID-19 ICUAW suggested that CIP tends to result in persistent disability, whereas CIM or CINM possibly achieve complete recovery [2,29]. The relatively good functional outcome of our three cases with CINM might reflect the different prognoses of the subtypes. Recently, Agergaard et al. reported that COVIID-19-related CIM patients could more frequently experience physical fatigue and myalgia as sequelae than other subtypes [21]. When these perspectives are considered, differentiating the ICUAW subtypes may further help predict patient’s long-term outcomes and after-effects in COVID-19 cases.




3.1.4. Utility of Muscle MRI in COVID-19-Related ICUAW


Several studies have reported that muscle MRI provides supportive information about ICUAW through the abnormal signal changes in the muscles [15,34,35]. According to a case series of COVID-19 patients reported by Fernandez et al., STIR images depict muscle denervation edema in CIP and multi-focal intramuscular edema-like signal in CIM as hyperintense lesions. Furthermore, in the chronic phase, T1 images show hyperintense lesions reflecting subsequent fatty infiltration and atrophy of the muscles in both conditions [15,34,36]. In our three cases, the test revealed the abnormalities predominantly in the proximal muscles. Notably, the muscle MRI allowed us to identify the massive muscle damage and reinforce the diagnosis of ICUAW before performing detailed electrophysiological studies in case 1. The chronic signal change in T1 images was obvious in case 3.



Although MRI is not a primary test for diagnosing ICUAW, it might be an alternative option when the availability of electrophysiological studies is limited.





3.2. Peripheral Nerve Injuries and COVID-19-Related ICUAW


3.2.1. Epidemiology of Peripheral Nerve Injuries in COVID 19 Cases


Recent studies revealed that COVID-19 affects the peripheral nervous system in several ways. Firstly, CIP and CINM cause sensorimotor polyneuropathy, as mentioned above. Furthermore, COVID-19 could trigger immune-mediated neuropathies, such as Guillain–Barré syndrome and Personage–Turner syndrome, and the virus itself might invade the peripheral nerves [15,16,23,25,26,37]. Moreover, peripheral nerve injuries associated with ICU care have been reported as a possible complication in severe COVID-19 cases [15,16,17,38].



In severe COVID-19 pneumonia cases, intensive respiratory care, including long-term deep sedation and immobilization, could increase the chance for unexpected compression on the nerves. In addition, several positioning-related factors, such as exposure to the prone position, could also cause unfavorable pressure or stretching on the nerves and brachial plexus [15,16,17,20]. According to the latest reports, the incidence of peripheral nerve injuries among the COVID-19 patients who underwent ICU care was 14.5–16%, and the involved nerves were the median nerve, ulnar nerve, radial nerve, sciatic nerve, fibular nerve, and brachial plexus [15,16,17,20,38]. Our three cases have a similar background to the reported cases; the patients needed long-term intensive mechanical ventilation with deep sedation and were exposed to the prone position.




3.2.2. ICU Care and Peripheral Nerve Injuries in COVID-19


It is known that the prone position can cause brachial plexus injury due to arm extension accompanied by excessive nerve stretching, although it was not observed in our cases [15,17]. Furthermore, the position could also lead to ulnar nerve injury at the cubital tunnel level, as seen in case 3 [15,19]. Since the ulnar nerve is superficial and relatively unprotected by overlying soft tissue at the level, inappropriate placement of the elbow can produce unfavorable external compression on the nerve and lead to nerve injury [39]. In terms of cases 1 and 2, fibular nerve and radial nerve injuries are less associated with the prone position [15,19]. Meanwhile, several conditions relevant to ICU care can be the risks for these nerve injuries. Suboptimal knee positioning can enhance the compression of the fibular nerve at the fibular head level [15,19]. Continuous use of an automatically cycled blood pressure cuff can cause radial nerve injury [19,40]. We speculated that unexpected compressions or stretching associated with positioning or medical procedures might have resulted in the peripheral nerve injuries in our cases.



In addition to intensive respiratory care and positionings, other procedures can also cause peripheral nerve injuries. ECMO, for example, is reported as a possible cause of lower limb peripheral nerve injuries, although no COVID-19 cases have been reported [40,41,42,43]. According to the literature, bulky cannulas placed on the femoral artery and vein can damage the femoral nerve [40,41]. Furthermore, compartment syndrome, a possible complication of the procedure, can also cause fibular, tibial, and sural nerve injuries on the same side of cannulation [42,43]. Fortunately, case 1 did not show the peripheral nerve injuries associated with ECMO, although the patient underwent the procedure. Nevertheless, given the increasing usage of ECMO in COVID-19 cases, the peripheral nerve complications should be kept in mind.




3.2.3. Diagnostic Challenges of Peripheral Nerve Injuries and Utility of NUS


The diagnosis of peripheral nerve injuries can be greatly affected by coexisting ICUAW. Firstly, the massive distribution of muscle weakness and sensory disturbance substantially masks typical neurological signs of peripheral nerve injuries [15]. In our cases, careful physical examinations performed by experienced neurologists barely detected focal neurological deficits: bilateral foot drop in case 1, left wrist drop in case 2, and bilateral first dorsal interosseous muscle atrophy in case 3. Furthermore, typical NCS findings of compression neuropathies can also be masked by the axonal loss due to superimposed sensorimotor polyneuropathy, as seen in our cases.



Notably, NUS successfully confirmed the compression neuropathies through morphological changes in the nerves. In general, compression neuropathies demonstrate swelling of the nerve and fascicles, loss of fascicular structure, and alterations of echogenicity of the nerves [44,45]. Our cases showed focal nerve swelling with increased nerve cross-sectional area, and the findings helped diagnose and localize the affected lesions. On the basis of our experience, morphological evaluations through NUS will be a useful option to detect concomitant peripheral nerve injuries in COVID-19 cases even under the influence of ICUAW. On another note, a careful neurological examination is also essential to trigger further evaluations with NUS and proceed to early interventions. Physicians should be vigilant for even a subtle sign of focal neurological deficits, such as laterality and disproportionate weakness or sensory disturbance in a certain nerve area.




3.2.4. Functional Outcome of Peripheral Nerve Injuries and Appropriate Interventions


In the present cases, we introduced a multidisciplinary rehabilitation program after the diagnosis of peripheral nerve injuries. However, the bilateral foot drop in case 1 and the left wrist drop in case 2 persisted for more than three months, affecting the patient’s functional ability, even though the muscle weakness due to ICUAW showed significant improvement. Several researchers have insisted that peripheral nerve injury could affect the quality of life in COVID-19 survivors, as seen in our cases [15,16,17,38]. Hence, besides rehabilitative interventions, proper preventions for this complication, such as frequent mobilization and appropriate positionings, are essential to improve the patient’s functional outcome [16,19]. In this regard, peripheral nerve injuries relevant to sedation and positionings have been well documented as intraoperative complications during general anesthetic surgery [19,46]. The preventive measures used in this field might also be useful in managing severe COVID-19 cases.






4. Conclusions


During the acute phase of severe COVID-19 infection, most medical attention is generally assigned to critical care management, and neuromuscular complications such as ICUAW and peripheral nerve injuries could be underestimated [6,7,11]. When starting post-ICU care for COVID-19 cases, the combination of electrophysiological and imaging studies will be beneficial for evaluating the neuromuscular condition of the patients and help start appropriate interventions.
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Figure 1. Muscle MRI findings. (A) Case 1: Hyperintense lesions are observed in the shoulder girdle muscles, biceps brachii, left paraspinal muscles, and anterior compartment of the thighs in STIR imaging (triangles). (B) Case 2: Hyperintense lesions are observed in the shoulder girdle muscles, left gluteus maximus, and posterior compartment of the thighs in STIR imaging (triangles). Furthermore, marked atrophy is seen in the thighs (triangles). (C) Case 3: In STIR imaging, hyperintense lesions are observed in the limb-girdle muscles, including the gluteus maximus and posterior compartment of the left thigh. In T1 imaging, hyperintense lesions are more prominent than in the STIR imaging, suggesting fatty infiltration, a finding of chronic phase ICUAW (triangles). STIR, short T1 inversion recovery. 
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Figure 2. Nerve conduction study. The right median nerve CMAP shows decreased peak-to-peak amplitude (2.8 mv) and prolonged duration (11.2 ms). Only a slight delay in DL and NCV is observed. There is no increased temporal dispersion and conduction block that suggest demyelinating neuropathy. CMAP compound muscle action potential; DL, distal latency; NCV, nerve conduction velocity. Normal values for NCS findings: DL, <3.9 ms; CMAP duration, 7.0 ms; NCV, >53 m/s. 
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Figure 3. Nerve ultrasound images. (A) Case 1: The bilateral fibular nerve shows focal swelling with increased CSA between the fibular head and the popliteal fossa in both legs, suggesting a compression neuropathy at the fibular head (left: 18 mm2, right: 23 mm2) *. (B) Case 2: The left radial nerve shows focal swelling with increased CSA (11 mm2) *, suggesting compression neuropathy at the spiral groove. (C) Case 3: The left ulnar nerve shows focal swelling with increased CSA (13 mm2) *, suggesting a compression neuropathy at the cubital tunnel. CSA, cross-sectional area. * Normal values for CSA at the evaluated sections of our laboratory: the fibular nerve, 12 mm2; the radial nerve, 8 mm2; the ulnar nerve, 10 mm2. 






Figure 3. Nerve ultrasound images. (A) Case 1: The bilateral fibular nerve shows focal swelling with increased CSA between the fibular head and the popliteal fossa in both legs, suggesting a compression neuropathy at the fibular head (left: 18 mm2, right: 23 mm2) *. (B) Case 2: The left radial nerve shows focal swelling with increased CSA (11 mm2) *, suggesting compression neuropathy at the spiral groove. (C) Case 3: The left ulnar nerve shows focal swelling with increased CSA (13 mm2) *, suggesting a compression neuropathy at the cubital tunnel. CSA, cross-sectional area. * Normal values for CSA at the evaluated sections of our laboratory: the fibular nerve, 12 mm2; the radial nerve, 8 mm2; the ulnar nerve, 10 mm2.



[image: Brainsci 11 01177 g003]







[image: Table] 





Table 1. Clinical information of three cases.
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	Case 1
	Case 2
	Case 3





	Age
	52
	77
	52



	Sex
	Male
	Male
	Male



	ICU stay (days)
	82
	70
	44



	Mechanical ventilation (days)
	60
	50
	39



	Comorbidities
	ARDS,

septic shock, MOF
	ARDS,

septic shock, MOF
	ARDS



	NBA
	+
	+
	+



	Corticosteroids
	+
	+
	+



	Additional treatment
	ECMO
	CHDF
	None



	Type of ICUAW
	CINM
	CINM
	CINM



	Peripheral nerve injury
	bilateral fibular nerve
	left radial nerve
	bilateral ulnar nerve



	(site)
	(fibular head)
	(spiral groove)
	(cubital tunnel)



	Focal neurological

deficits
	bilateral foot drop
	left wrist drop
	bilateral FDI atrophy



	Nerve conduction study
	sensorimotor

poly neuropathy
	sensorimotor

poly neuropathy
	sensorimotor

poly neuropathy



	Prolonged CMAP

duration
	+
	+
	+



	Electromyography
	neurogenic changes with Fib/PSW
	myopathic changes

with Fib/PSW
	myopathic changes

with Fib/PSW



	Nerve ultrasound
	focal enlargement in the bilateral fibular nerve
	focal enlargement in

the left radial nerve
	focal enlargement in

the left ulnar nerve



	Muscle MRI

(STIR image)
	diffuse hyperintense

lesions
	diffuse hyperintense

lesions
	diffuse hyperintense

lesions



	MRC sum-score
	
	
	



	On admission
	34
	27
	38



	Three months later
	51
	41
	54



	Barthel index
	
	
	



	On admission
	5
	5
	11



	Three months later
	95
	90
	95







ARDS, acute respiratory distress syndrome; CHDF, continuous hemodiafiltration; CINM, critical illness neuromyopathy; CMAP, compound muscle action potential; ECMO, extracorporeal membrane oxygenation; FDI, first dorsal interosseous muscle; Fib/PSW, fibrillations/positive sharp wave; ICUAW, intensive care unit-acquired weakness; NBA, neuromuscular blocking agent; SNAP, sensory nerve action potential; STIR, short T1 inversion recovery.
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