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Abstract 

Neuromuscular complications in paediatric patients with severe coronavirus disease 2019 (COVID-19) are poorly characterised. However, 
adult patients with severe COVID-19 reportedly present with frequent neuromuscular complications that mainly include critical illness 
polyneuropathy (CIP), critical illness myopathy (CIM), and focal neuropathies. We examined the records of all paediatric patients with severe 
COVID-19 who were mechanically ventilated and experienced neuromuscular complications from our single tertiary centre between March 
2020 and August 2021. During this period, 4/36 (11%) patients admitted to the paediatric ICU who were mechanically ventilated experienced 
neuromuscular complications (one CIM, two focal neuropathies, and one CIP associated with plexopathy). In three of them, the gamma genetic 
variant of SARS-CoV-2 was identified. At the 4–5 month follow-up, three of our patients exhibited slight clinical improvement. We conclude 
that paediatric patients with severe COVID-19 may present neuromuscular complications similar to adults (11%), and their medium-term 

prognosis seems unfavourable. 
© 2022 Elsevier B.V. All rights reserved. 

Keywords: Brachial plexus neuropathies; COVID-19; Intensive care units; Neuromuscular manifestations; Peripheral nervous system; Severe acute respiratory 
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. Introduction 

Patients with severe coronavirus disease 19 (COVID- 
9), like other patients hospitalised in the Intensive Care 
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nit (ICU), can present with specific neuromuscular (NM) 
omplications, with critical illness polyneuropathy CIP) and 

yopathy (CIM) being the most common [1] . In adults, 
evere COVID-19 is also reportedly associated with focal 
europathies and plexopathies at a significantly higher 
requency than expected [2] . 

CIP and CIM have been reported in up to half the adults 
resenting with severe COVID-19 [1] . A prospective study 

bserved that CIP was more frequent in patients who suffered 

OVID-19 than in a control group of critically ill patients [3] . 
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Table 1 
Neuromuscular complications in adult patients with severe COVID-19. 

COVID-19 in 
ICU (N) 256 NR 69 

114 (74 with 
IMV) 111 40 with VMI 

Patients with NM 

complications 
Age mean, range 54 

39–69 
53 
40–76 

58 
50–77 

60 
53–67 

64 
55–70 

50 
40–59 

Men% 80 100 73 35 100 100 
Obesity 53% NR 18% mean BMI = 28 mean BMI 

= 35 
60 

Diabetes% 46 28 18 NR 36 NR 

ICU/ 
MV days, mean 

32/ 
NR 

NR / 
NR 

36 / 
NR 

24/ 
30 

27/ 
NR 

NR/ 
15 

Prone 100% 100% 45% NR NR NR 

Total NM patients 
(N) 

15 upper limb 
MPNI 

7 MPNI 11 MPNI 36 ICUAW 11 ICUAW 5 ICUAW 

CIP/ 
CIM/ CIPM 

NR NR 1/ 
0 

36 with 
ICUAW 

7/ 
4 

2/ 
1/ 
1 

Brachial 
plexopathy 

12 2 0 NR NR 0 

Ulnar Np 11 5 6 NR NR 0 
Sciatic Np NR 0 5 NR NR 0 
Other focal Np NR 2 17 NR NR 1 
Reference Miller Brugliera Needham Van Aerde Frithiof Bax 

CIM: critical illness myopathy, CIP: critical illness neuropathy, CIPM: critical illness neuromyopathy, ICU: intensive care unit, ICUAW: ICU acquired weakness, 
IMV invasive mechanical ventilation, MPNI: multiples peripheral nerve injury, MV: mechanical ventilation, N: number, NM: neuromuscular, Np Neuropathy; 
NR not reported. 
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Fig. 1. Selection flowchart of 36 paediatric patients with severe COVID-19 
Thirty-six patients were hospitalized in the ICU. Six of them had sensitive 
or motor deficits, but only four of them had motor and EMG findings, which 
were confirmatory of a neuromuscular complication. ICU: intensive care unit, 
MV: mechanical ventilation. 
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onversely, focal neuropathies and plexopathies have been 

bserved in 5–15% of adult patients with COVID-19 who 

ere hospitalised in the ICU [4 , 5] . These findings suggest 
hat there is an association between severe COVID-19 and 

eripheral nerve involvement, at least in adults ( Table 1 ). 
However, in paediatric patients, it has been reported 

hat patients hospitalised for COVID-19 may present 
ith flaccid tetraparesis [6 , 7] , characterised by variable 
yopathic and neuropathic signs in electrophysiological 

tudies. Nevertheless, we found no reports of focal neuropathy 

r plexopathy in children with severe COVID-19 [8] . 
Between March 2020 and August 2021, 11% (4/36) of the 

hildren under the age of 18 years admitted to the paediatric 
CU of the Sótero del Río Hospital for severe COVID-19 

ith mechanical ventilation (MV) requirement experienced 

M complications. Given that NM complications associated 

ith severe COVID-19 in paediatric patients have been poorly 

haracterised, here, we report the details of these four patients 
n our centre ( Fig. 1 ). 

This study was approved by the local ethics review board 

Comité Etico Científico del Servicio de Salud Metropolitano 

ur Oriente). Owing to the retrospective nature of this study, 
he requirement for informed consent was waived. 

. Case report 

These four patients were admitted to the ICU between 

ay and June 2021, with the diagnosis of acute respiratory 

istress syndrome due to COVID-19 and were treated with 

 dexamethasone and anticoagulation scheme for 10 days, 
ccording to our protocol. No other anti-inflammatory or 
487 
mmunomodulatory drugs were used as part of this protocol. 
he SARS-CoV-2 virus gamma variant was identified in three 
atients. The characteristics of each patient are presented in 

ables 2 and 3 . 
Three of the four patients with NM complications were 

entilated in prone position for a mean period of 80 h. In 

ontrast, only two of the 32 patients who did not have 
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Table 2 
Neuromuscular complications in four paediatric patients with severe COVID-19: ICU stay characterisation. 

P 1 2 3 4 

Sex Male Female Female Female 
Age 17 years 15 years 10 months 15 years 
Nutritional status BMI = 55. 

Class III obesity 
BMI = 30. 
Class I obesity 

Score z = 2.8. Obesity BMI = 51. 
Class III obesity 

COVID-19 variant gamma other non-identified gamma gamma 
CRP mg/L 

D-dimer ng/mL 

WBC (uL) 
at Adm 

145 
1552 
12.090 

32.4 
510 
2.520 

0.2 
1482 
3.640 

77.3 
666 
8.940 

ANC (uL) 
ALC (uL) 
at Adm 

10.600 
900 

1.700 
700 

1.000 
2.400 

6.900 
1.700 

Haematocrit (%) 
Platelet count (uL) at Adm 

40 
225.000 

41 
151.000 

33 
119.000 

40 
188.000 

CK at Adm UI/L 276 214 154 242 
Peak CK UI/L 3400 214 542 362 
IMV 

NIMV (days) 
17 15 0 6 16 4 16 0 

Prone (days) 55 h 0 9 6 
Other systems involvement myocarditis, 

hypertension, AKI 
no Neumopericardium, 

neumomediastin, AKI 
type 2 DM,SIRS 

Antibiotics, steroids, 
vasoactive drugs 

ceftriaxone, cloxacilin, 
vancomincin, amikacin, 
dexametasone 

ceftriaxone, ampicillin/ 
sulbactam, dexametasone 

ampicillin/ sulbacatam 

ceftriaxone, 
dexamethasone, 
epinefrin, milrinone 

ampicillin/ sulbactam, 
linezolid, piperaziline/ 
tazobactam, meropenem, 
cotrimoxasol, 
dexamethasone, 
methylprednisolone 

Vecuronium (days) 7 0 9 10 
ICU (days) 45 11 21 21 

Adm: admission, ALC: absolute lymphocyte count, ANC: absolute neutrophil count, BMI: body mass index, CRP: C reactive protein, IMV: invasive mechanical 
ventilation, NIMV: non-invasive mechanical ventilation, P: patient, WBC: white blood cell count. 
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M complications were ventilated in a prone position for 
 mean period of 54 h. Additionally, all the patients with NM 

omplications were obese, with a mean BMI of 35, but only 

5 of the 32 patients without NM complications were obese, 
aving a mean BMI of 31. 

.1. Case 1 

A 17-year-old boy with type III obesity was admitted 

o the ICU, intubated, and placed in the prone position. 
n the second day after admission, an acute myocardial 

nfarction was suspected, because ultrasensitive troponine I 
ncreased up to 1005 pg/mL (normal value < 34 pg/mL). 
herefore, salicylic acetyl acid and atorvastatin were initiated, 
nd cardiac ultrasound was performed and showed normal 
ndings. Posteriorly, troponin declined to 10 pg/mL, on day 

leven after admission, while a progressive elevation of CK 

as observed during atorvastatin treatment, reaching up to 

.400 UI/L (normal value 30–200 UI/L) on day 10 after 
dmission. We did not measure myoglobin, as it was not 
vailable at our laboratory at that moment. Atorvastatin- 
nduced myositis was then suspected. Hence, we decided to 

top this medication, and CK normalized posteriorly. A final 
iagnosis of myocarditis was made, but the patient did not 
eet other MIS-C criteria. 
488 
He required invasive MV (IMV) for 17 days, was 
rone for 55 h, and paralysed for 7 days. On the 21st 
ay post-admission, after extubation and several days of 
uspended sedation and paralysis, the patient presented with 

etraplegia. On examination, he was awake – with preserved 

cculomotility and facial mimicry – but also had tetraplegia 
nd Achilles areflexia, with a Medical Research Council 
MRC) sum score [9] of 6/60. An electrophysiology study 

howed a decrease in the amplitude of CMAPs (compound 

uscle action potentials) and SNAPs (sensitive nerve action 

otentials), with signs of active denervation without voluntary 

uscle activation, which is suggestive of CIP. His-mobility 

ecovered over time, but on admission day 55, as he regained 

uscle strength, asymmetry was observed in the mobility of 
he upper limbs with paresis of the left upper limb, for which 

rain CT and angio-CT were requested. No abnormalities 
ere noted on the images. On re-examination, hypotonia 
f the left upper limb was observed, with the upper limb 

dducted and extended. Thus, left brachial plexopathy was 
uspected. The electrophysiology study was repeated and the 
linical diagnosis was confirmed, suggesting a compromise 
f the upper trunk. At the last follow-up, 5 months after ICU 

dmission, the patient could stand independently for 30 s and 

ad recovered partial mobility of the left upper limb, with a 
trength score of 2/5 on the MRC scale in the most affected 
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Table 3 
Neuromuscular complications in four paediatric patients with severe COVID-19: neuromuscular characterisation. 

P 1 2 3 4 

1st symptoms Generalised weakness Left hand outer 
border hypostesia, 
inability to take 
objects with the left 
hand. Daily living 
activities with 
support 

Generalised weakness Left leg and foot 
hypostesia and pain, 
left foot drop 

1st NM evaluation: 
MRC/MRC 

Sumscore (days after 
admission/days after 
paralysing drugs 
suspension) 

MRC Sumscore: 6/60 
(21/7) 

MRC: left hand: 4/5 
ulnar finger 
flexors/extensors 
(31/NP) 

MRC Sumscore 
28/60 (19/7) 

MRC: left lower 
limb: knee flexors 
4/5, plantar flexion 
0/5, dorsiflexion 0/5 
(23/10) 

1st EMG (days after 
admission) 

Sensorimotor axonal 
neuropathy (day 21) 

Left cubital 
neuropathy (day 148) 

Generalised 
myopathic signs (day 
19) 

Left sciatic 
neuropathy (day 94) 

Final NM diagnosis Critical patient 
neuropathy, left 
brachial plexopathy 

Left ulnar neuropathy Critical patient 
myopathy 

Left sciatic 
neuropathy 

Follow-up Day 55: left upper 
limb: deltoid 1/5 
deltoid, 2/5 biceps. 
Sumscore 38/60. 2nd 
EMG: left brachial 
plexopathy 
5 months: Walks two 
steps with support. 
Left deltoid. Left 
biceps 2/5. MRC 

Sumscore 51/60 

4 months: able to 
take objects with the 
left hand. Daily 
living activities 
without support. Left 
hand hypostesia and 
weakness. left hand: 
4/5 ulnar finger 
flexors/extensors. 

4 months: walks with 
support. Sumscore 
60/60 

4 months: no 
recovery. Walks with 
left steppage 

MRC: Medical Research Council, NM: neuromuscular, NP: no paralysing drugs, P: patie. 
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uscles. The electrophysiological study was repeated, and 

igns of re-innervation in the affected muscles were 
bserved. 

.2. Case 2 

A 15-year-old girl with a history of obesity was admitted 

o the ICU, requiring non-invasive MV (NIMV) for 6 days. 
uring her ICU stay, she noticed hypaesthesia of the ulnar 

urface of the hand, and difficulty picking up objects. She was 
valuated by a neurologist on day 31 of her ICU admission. 
xamination revealed the hypaesthesia reported by the patient 
nd weakness in her left hand, with MRC 4/5 in flexion and 

xtension of the fourth and fifth fingers, which limited her 
ctivities of daily living. Electroneuromyography performed 

 months after her ICU admission showed ulnar neuropathy 

t the elbow level. At the last follow-up, the patient still 
xperienced persistent weakness and hypaesthesia but was 
ble to perform her daily living activities. 

.3. Case 3 

An obese 10-month-old female infant was admitted to 

he ICU, requiring IMV for 16 days, nine of which she 
as ventilated in the prone position. On day 19 of the 
isease – after extubation and suspension of sedation and 
489 
aralysis, while she was with NIMV – weakness of the four 
xtremities was observed and an MRC sum score of 28/60 

as observed on neurological examination. A myopathic 
rocess was suspected and subsequently confirmed by an 

lectrophysiological study. She progressively improved; at 
 months after ICU admission, the patient had returned to 

er neurological baseline. At the last follow-up, 4 months 
fter admission, neurological examination showed a normal 
trength MRC sum score of 60/60, and she was able to walk 

ith assistance. 

.4. Case 4 

A 15-year-old girl with a history of type III obesity was 
dmitted to the ICU and was intubated and pronated for 7 

ays. After sedation was suspended, pain was evident in the 
osterior region of the left leg and in the left foot with foot 
rop. Neurological examination on day 23 of ICU admission 

evealed left Achilles areflexia, as well as knee flexion 4/5, 
lantar flexion 0/5, and dorsiflexion 0/5 according to the MRC 

cale. Pain management was provided using pregabalin (75 mg 

 day) – with a good response – and physical therapy. She 
as pain-free in the pregabalin suspension phase, and could 

alk 4 months after ICU admission; unfortunately, the foot 
rop remained and motor examination revealed no clinical 
mprovement. 
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. Discussion 

Here, we presented four cases of paediatric patients 
ith severe respiratory distress syndrome due to COVID-19 

nd serious complications of the peripheral nervous system. 
hree cases were adolescents with focal lesions of the 
eripheral nerves and plexuses, and one patient also had a 
IP. One patient was an infant with CIM. Notably, three 
f the four cases were associated with the gamma genetic 
ariant, required IMV, and experienced more severe motor 
mpairment. 

COVID-19 is associated with different neurological 
anifestations and complications in adults and children 

10 , 11] . Amongst them, milder NM manifestations and 

omplications include anosmia, ageusia, and myalgia. [2 , 12] . 
atients with severe COVID-19 generally present with more 
evere NM sequelae – mainly CIP and CIM [1 , 13] , focal 
europathies, and plexopathies [4 , 5 , 14] . 

In adults, the NM complications of COVID-19 have 
een better described and appear to be more frequent than 

n children. CIP and CIM have been observed in 10–
0% of ICU patients with COVID-19 [1 , 3 , 13] . One study
dentified that CIP was more frequent than CIM in patients 
ith severe COVID-19, and an early elevation of neuronal 
amage markers, neurofilament light chain and fibrillary 

cidic protein, suggested that there was an association 

etween COVID-19 and nerve damage [3] . Additionally, there 
re several case reports of adult patients over 40 years of 
ge who developed focal polyneuropathies and plexopathies 
4 , 5 , 14] . In these patients, ulnar, sciatic, and brachial plexus 
erve involvement were more frequently observed, similar to 

ur paediatric patients. 
After several months of the pandemic, we are observing 

he consequences of COVID-19 at the muscular level [15–17] . 
 longitudinal study of 1655 adult patients reported that at 6- 
onth follow-up, the most frequent symptom post COVID-19 

as muscle weakness (63% of cases) [18] . Patients with the 
ighest risk of presenting this motor sequela were those with 

ore severe respiratory compromise during hospitalisation. 
Several case series have detailed paediatric patients 

resenting with neurological complications associated with 

OVID-19, including NM ones. One study reported that 
3% [7] of paediatric patients hospitalised for COVID-19 

resented with neurological complications and of those, 60% 

xperienced complications of the peripheral nervous system –
ainly Guillain Barré syndrome and flaccid tetraparesis [7] . 
owever, pure muscle involvement in children with severe 
OVID-19 appears to be rare. We found only one case report 
f a child with myositis after hospitalisation requiring IMV 

19] . In our group of patients, only patient 3 presented with 

 myopathic condition, which was classified as CIM and 

ssociated with a moderate elevation of creatine kinase. 
All patients who had serious NM complications were 

bese, and the most severe complications were observed in 

he two children who had type III obesity and were also 

arriers of the gamma variant. Further, there was a temporal 
ssociation between the predominance of gamma variants in 
490 
ARS-CoV-2 in our country (Chile) and the described cases. 
hese cases were registered in May and June 2021, during 

he largest wave so far in Chile, with the highest incidence 
aediatric ICU admission due to COVID-19. A Brazilian 

tudy also reported that there was a higher proportion of 
oung adults with severe COVID-19, associated with the 
irculation of the gamma variant [20] . Due to the greater 
everity of COVID-19 in younger people, a greater risk of 
M complications that seem to be related to the severity of 

espiratory condition can be expected. The greater severity of 
amma variant infection in these patients could be explained 

y a reduced neutralising reaction to SARS-CoV-2 [21] . 
The underlying mechanisms of focal neuropathies in 

atients with severe COVID-19 have been attributed to prone 
entilation, including compression and traction, although 

ome authors have proposed that inflammatory mechanisms 
ay also be contributing factors [4 , 5] . An inflammatory 

echanism is postulated since neuropathies associated with 

ild COVID-19, whose parainfectious origin is known, such 

s Parsonage Turner Syndrome, have been observed [22] . 
oreover, a clinical series observed electrophysiological signs 

uggestive of multiple mononeuritis in patients with COVID- 
9 [4] . In patients with COVID-19 and CIP/CIM risk factors, 
uch as a longer stay in the ICU, more thromboembolic 
vents, and IMV for more than 2 weeks, have been recognised 

18] . 
We recommend conducting comprehensive clinical 

xaminations in paediatric patients with motor deficits 
ssociated with COVID-19 and a high likelihood of 
eripheral and focal involvement. Patients who present an 

nitial generalised compromise should be followed-up over 
ime since focal neuropathies may manifest later. Evaluating 

hildren with suspected NM complications, using the MRC 

nd MRC sum score scale, and routine electrophysiological 
tudies would be most appropriate. 

The focal complications in the two patients with type III 
besity are attributable to being in a prone position for an 

xtended period and the use of sedation and paralysis. In 

ne of the patients who presented with ulnar neuropathy, but 
id not require IMV, sedation and paralysis or being in a 
rone position – focal complications were probably mediated 

y inflammatory mechanisms. In patients with CIP/CIM, 
e attribute the clinical symptoms to risk factors such as 

orticoids, sedation and paralysis multi-organ failure, and 

rolonged IMV. 
The main limitations of this report are the low number 

nd heterogeneity of the patients and the retrospective nature 
f the investigation. However, the concomitance of the four 
ases reported here with COVID-19 and their similarity to the 
eries previously reported in adult patients, suggests that there 
s an association between the observed NM complications and 

OVID-19. 
In the future, prospective and multicentre studies should 

xamine a larger number of patients to help clarify the 
echanisms underlying NM complications. It remains unclear 
hether these complications are only a consequence of the 

everity of the disease or whether an inflammatory mechanism 
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ssociated with COVID-19 is also involved; obesity seems to 

e a predominant comorbidity in this series. Similarly, it is 
rucial to understand the long-term prognosis of neuropathies, 
ince in our series, the prognosis was unfavourable. 

This is the first report to include neuropathies and 

lexopathies as NM complications in paediatric patients 
ith severe COVID-19, which is why we believe it is 

mportant that we provide detailed descriptions of the 
linical presentation and medium-term outcomes of these 
ases. We recommend being aware of these possibly serious 
omplications in paediatric patients and observing their 
isease course and possible sequelae accordingly. 

. Conclusion 

We conclude that paediatric patients with severe COVID- 
9 may present neuromuscular complications similar to adults 
nd that their medium-term prognosis seems unfavourable. 
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