
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



Journal of Critical Care 67 (2022) 14–20

Contents lists available at ScienceDirect

Journal of Critical Care

j ourna l homepage: www. journa ls .e lsev ie r .com/ journa l -o f -c r i t i ca l -ca re
Respiratory and peripheral muscular ultrasound characteristics
in ICU COVID 19 ARDS patients
Formenti P. a,⁎, M. Umbrello a, V. Castagna b, S. Cenci b, F. Bichi b, T. Pozzi b, M. Bonifazi a,
S. Coppola a, D. Chiumello a,b,c,d

a SC Anestesia e Rianimazione, Ospedale San Paolo – Polo Universitario, ASST Santi Paolo e Carlo, Milan, Italy
b Dipartimento di fisiopatologia Medico-Chirurgica e dei Trapianti, Università degli Studi di Milano, Milan, Italy
c Dipartimento di Scienze della Salute, Università degli Studi di Milano, Milan, Italy
d Centro Ricerca Coordinata di Insufficienza Respiratoria, Università degli Studi di Milano, Milan, Italy
Abbreviations: MV, mechanical ventilation; ARD
syndrome; COVID 19, the novel coronavirus disease 20
RFCSA, rectus femoris cross sectional area; NIV, non-invas
⁎ Corresponding author at: SCAnestesia e Rianimazione

Rudinì, 8, 20142 Milan, Italy.
E-mail addresses: formenti.paolo80@gmail.com,

paolo.formenti@asst-santipaolocarlo.it (P. Formenti).

https://doi.org/10.1016/j.jcrc.2021.09.007
0883-9441/© 2021 Elsevier Inc. All rights reserved.
a b s t r a c t
a r t i c l e i n f o
Purpose: Severe cases of coronavirus disease 2019 develop ARDS requiring admission to the ICU. This study aimed
to investigate the ultrasound characteristics of respiratory and peripheral muscles of patients affected byKeywords:
COVID19 who require mechanical ventilation.
Materials andmethods: This is a prospective observational study.We performedmuscle ultrasound at the admis-
sion of ICU in 32 intubated patients with ARDS COVID19. The ultrasound was comprehensive of thickness and
echogenicity of both parasternal intercostal and diaphragm muscles, and cross-sectional area and echogenicity
of the rectus femoris.
Results: Patients who survived showed a significantly lower echogenicity score as compared with those who did
not survive for both parasternal intercostal muscles. Similarly, the diaphragmatic echogenicity was significantly
different between alive or dead patients. Therewas a significant correlation between right parasternal intercostal
or diaphragm echogenicity and the cumulative fluid balance and urine protein output. Similar results were de-
tected for rectus femoris echogenicity.
Conclusions: The early changes detected by echogenicity ultrasound suggest a potential benefit of proactive early
therapies designed to preserve respiratory and peripheral muscle architecture to reduce days on MV, although
what constitutes a clinically significant change in muscle echogenicity remains unknown.

© 2021 Elsevier Inc. All rights reserved.
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1. Introduction

Up to 30% of the patients affected by the novel coronavirus disease
2019 (COVID19) may develop an acute respiratory distress syndrome
(ARDS), which requires in themajority of patients a respiratory support
with non-invasive mechanical ventilation and, very often, intubation
[1,2]. Recent evidence is growing in describing the characteristics of
this disease, with main focus on lung morphology [3-5]. Therapeutic
strategies implemented for their management may often lead to
short-term muscular and functional alterations resulting in ICU-
Acquired weakness. These lead to long-term disabilities expressing
S, acute respiratory distress
19; ICU, Intensive Care Unit;
ive ventilation.
, ASST Santi Paolo e Carlo, Via Di
through dependence and quality of life impairment of survivors. Indeed,
few data are still available regarding the peripheral and respiratory
muscular characteristics, mainly because this investigation is usually
confined in more advance stages of disease [6,7]. Muscular ultrasonog-
raphy allows visualization and classification of muscle characteristics
[8], which may be described besides muscles' thickness with their
echogenicity. In fact, leanmuscle tissue has a low echogenicity, whereas
intramuscular fat and connective tissue are characterized by a high
echogenicity [9]. Using a greyscale analysis, the total muscle echo-
intensity may in fact be quantified. The assumption is that the higher
the mean pixel intensity of a muscle region of interest, the lower the
muscle quality (i.e., more intramuscular fat or connective tissue) and
thus its inhomogeneity [10]. Muscle echogenicity has already been in-
vestigated during critical illness, although its modifications over the
time and its associated histopathological characteristics remain to be
determined [11,12]. In fact, inflammation and infection as well as fluid
shifts may substantially contribute to the increment in muscular inho-
mogeneity [13,14]. Few data are available regarding the characteristics
of respiratory muscle ultrasound quality during critical illness, as most
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of the study restricted this methodology to the analysis of peripheral
muscles in the detection of ICU acquired weakness [15]. Recently, the
parasternal intercostal muscles and the diaphragm have been investi-
gated together in the critical care setting as they represent the easiest
accessible respiratory muscles to be investigated by ultrasound [16-
18]. We hypothesized that a combined assessment of respiratory (i.e.,
intercostal and diaphragm) and peripheral (i.e., quadriceps) muscles
quantity (as measured by thickness) and quality (as assessed by
greyscale analysis), would reflect the severity of illness. Thus, we per-
formed this study to assess if the quality characteristics of parasternal
intercostal, diaphragm and quadriceps muscles of ICU COVID19 me-
chanically ventilated patients influenced the outcomes and are corre-
lated with other variables, such as fluid or protein balance, or indexes
of inflammation.

2. Material and methods

We conducted a prospective physiologic study on 32 consecutive
intubated patients admitted to the general ICU of ASST Santi Paolo e
Carlo, San Paolo Hospital, Milan, Italy. We included intubated patients
with confirmed infection by SARS COV 2 and diagnosis of ARDS, deeply
sedated and paralyzed. Exclusion criteria were age <18 years, history of
severe chronic obstructive pulmonary disease, pregnancy, failure to per-
form respiratory muscle ultrasound. The study was approved by the In-
stitutional Review Board (Comitato Etico Interaziendale Milano Area 1,
2020/ST/178).

2.1. Ultrasound examination

Ultrasoundwas performed by a single operator (PF)with 10 years of
ultrasound experience and qualifications in respiratory ultrasound. B-
mode images were obtained utilizing a 6–14 MHz linear array on a
Mindray TE-7 machine (Shenzhen Mindray Bio-Medical Electronics
Co. Ltd. Shenzen, China) with the participant at 45° degrees. Depth
and gain were standardized using the same image presets between pa-
tients as previously described [19]. Images were taken of the 2nd
parasternal intercostal muscles bilaterally in the sagittal plane at end-
tidal expirationwith awindowvisualizing the2nd/3rd ribs, respectively
(Fig. 1, panel A). End-tidal expiration diaphragm thicknesswas assessed
Fig. 1. Ultrasound of respiratory (parasternal muscle and diaphragm) and peripheral (rectus fe
The figure depicts the ultrasound investigation of respiratory and peripheralmuscles. Panel A: P
the 2nd parasternal intercostal muscles bilaterally in the sagittal plane at end-tidal inspiration (
taken of end-tidal expiration in the right anterior axillary line between the 8th and 9th ribs in th
taken of approximately 15 cm above the superior border of the patella (RF-rectus femoris).
peritoneal membranes, and aponeurosis).
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in the zone of apposition of the diaphragm to the rib cage. The linear
probe was placed above the right 10th rib in the mid-axillary line, as
previously described [20,21] (Fig. 1, panel B). Cross-sectional area of
the rectus femoris (RFCSA) and its echogenicity were measured with
the rested leg supported in passive extension. B-mode ultrasonography
using an 8 MHz 5.6 cm linear transducer array (MindRay TE-7,
Shenzhen Mindray Bio-Medical Electronics Co. Ltd. Shenzen, China)
was applied, similar to the method previously described [22]. Briefly,
the probewas placed three-fifths of the distance from the anterior supe-
rior iliac spine to the superior patellar border, transversely to themuscle
for thickness measurements and cross-sectional area (Fig. 1, panel
C) [23,24]. RFCSAwas outlined by amovable cursor on a frozen and cal-
culated as an average of three consecutive measurements within 10%;
muscle thickness in centimeters was selected between the inner and
outermost echogenic layer of the muscle fascial borders. Images were
saved in JPEG format and echogenicity was quantified using a greyscale
histogram analysis of the images. The analysis was performed with
ImageJ software (https://imagej.nih.gov/ij/index.html; NIH, Bethesda,
MD, USA), using the square method to define the region of interest for
analysis using the histogram function, selecting a free-form area devoid
of artefacts [25,26]. Images were reviewed by a second reader (VC)who
was not directly involved in imagine acquisition.

All patients were deeply sedated and mechanically ventilated at ICU
admission. The clinical management of patients was standardized ac-
cording to local and regional suggestion [27]. More specifically, all pa-
tients received muscle relaxants during the first week of ICU stay
(4.5 ± 1.2 days), as well as a 10-day course of i.v. dexamethasone
6mg/day [28]. No other immunomodulatory agents were administered,
nor were antiviral drugs.

Fluid balance was evaluated daily during ICU stay. Fluid intake in-
cluded intravenous fluids, total parenteral and enteral nutrition, blood
products, and intravenous medications. Fluid output included urine,
feces, blood loss, output fromdrains and other body cavities, and gastric
aspirate [29,30]. Other fluid losses, such as sweat and respiratory evap-
oration,were excluded because of lack in agreement of computation. All
variables were derived directly from computerized clinical records
(Digistat Intensive Care Unit (ICU), Ascom, Baar, Switzerland). Urinary
urea nitrogen wasmeasured from 24 h collected urine and protein out-
put was calculated as described elsewhere [31].
moris).
arasternal intercostal ultrasound thickness and greyscale histogram; imageswere taken of
IM-intercostal muscle). Panel B: Diaphragm thickness and greyscale histogram; imagewas
e coronal plane (D- diaphragm). Panel C: Rectus femoris, CSA and echogenicity; imagewas
The yellow rectangles delineate examples of muscles' areas (excluding the pleural and
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Table 1
Main patients' characteristics.

Global
(n = 32)

Alive
(n = 15)

Dead
(n = 17)

p
Value

Male sex (n°, %) 25 (78) 9 (36) 16 (64)
Age (years) 63.9 ± 7.4 61.4 ± 7.0 66.1 ± 7.2 0.077
BMI (kg/m2) 27.2 ± 5.6 27.7 ± 6.7 26.9 ± 4.6 0.705
SAPS II (points) 32 ± 10 31 ± 10 33 ± 11 0.552
SOFA (points) 6.3 ± 2.4 6.2 ± 2.5 6.4 ± 2.5 0.872
Onset to hospital (days) 10.3 ± 7 9.9 ± 8 10.7 ± 6.1 0.762
NIV duration (days) 2.2 ± 2.5 2.4 ± 3.1 1.9 ± 1.8 0.609
Onset to ETI (days) 12.5 ± 6 11.9 ± 9.1 11 ± 7.2 0.832
PEEP (cmH2O) 9.8 ± 1.4 9.8 ± 1.9 9.8 ± 0.8 0.975
FiO2 0.75 ± 0.2 0.74 ± 0.2 0.75 ± 0.2 0.805
ETCO2/PaCO2 0.72 ± 0.11 0.75 ± 0.07 0.70 ± 0.12 0.174
PaO2/FiO2 (mmHg) 117.6 ± 39.9 127.7 ± 51.4 107.5 ± 26.1 0.458
C reactive protein
(mg/L)

116 ± 88 113 ± 95 119 ± 85 0.842

Fluid balance (ml/day) 1111 ± 598 847 ± 531 1344 ± 567 0.0164
Urinary protein output
(g/day)

88.3 ± 38.7 73.7 ± 37.6 101.1 ± 35.9 0.0441
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2.2. Statistical analysis

Given the lack of similar investigations in COVID-19 patients, a priori
sample size calculation was not performed. The sample size was prag-
matically based on a 2-month time frame as well as recently published
literature on similar topics [26,32]. Thirty-two consecutive patients
were enrolled. We compared the variables in patients who did and did
not survive the ICU stay. Comparisons between normally distributed
variables were performed by Student's t-test, while non-normally dis-
tributed variables were compared by Wilcoxon signed rank test. Nor-
mality was tested by the Shapiro-Wilk test. Normally distributed data
are indicated as mean ± SD, while median and interquartile range are
used to report non-normally distributed variables. Association between
two variables was assessed by linear regression or Spearman regression
coefficient, as appropriate. A level of p value of less than 0.05 (two-
tailed) was considered as statistically significant. Statistical analyses
were performed by Stata/SE 12.0 (StataCorp, College Station, TX USA).

3. Results

3.1. Patients' characteristics

Thirty-two patients underwent ultrasound examinations within
24 h after ICU admission, intubated after a trial of NIV performed in
the emergency department or similar. The characteristics of the patients
enrolled are shown in Table 1. Patients were 63.9 ± 7.4 years old and
comorbidities were few. Five patients had mild, 18 patients moderate,
and nine severe ARDS. The onset of symptoms prior to the hospital ad-
mission was 10.3 ± 7 days, while the intubation was performed 12.5 ±
6 days after the onset of symptoms. During this period, the median du-
ration of the NIV trial was 2.2 ± 2.5 days. ICU mortality was 53%. There
were no statistically significant differences in the setting of PEEP and
Table 2
Ultrasonographic variables of respiratory and peripheral muscles within 24 h of ICU admission

Ultrasound variables Global (n = 32)

Right intercostal thickness (cm) 0.39 [0.34;0.47]
Right intercostal echogenicity (AU) 105.6 [86.7; 113.2]
Left intercostal thickness (cm) 0.40 [0.30;0.44]
Left intercostal echogenicity (AU) 106.4 [93.4; 109.4]
Diaphragm thickness (cm) 0.25 [0.19;0.28]
Diaphragm echogenicity (AU) 74.1 [65.1;84.0]
Rectus femoris thickness (cm) 0.59 [0.56;0.69]
Rectus femoris CSA (cm2) 1.83 [1.2;2.6]
Rectus femoris echogenicity (AU) 99.7 [89.3;115]

AU: arbitrary units; CSA: cross-sectional area.
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FiO2 between patients who did and did not survive the ICU stay. Within
the first 24 h of ICU stay, there was a significant difference in fluid bal-
ance (847±531 vs. 1344±567ml/day, p=0.016) and urinary protein
output (73 ± 37.6 vs. 101 ± 35.9 g/day, p = 0.044) between patients
who went on to die or to survive. There are no statistical differences in
severity scores (SAPS II and SOFA; 31 ± 10, 33 ± 11, p = 0.552 and
6.2 ± 2.5, 6.4 ± 2.5, p=0.872) between the two groups, and no statis-
tical correlation with echogenicity scores.

3.2. Respiratory and peripheral muscular ultrasound

Parasternal intercostal muscles were visualized in all patients. The
main results are showed in Table 2. Intercostal thickness was 0.40
[0.30; 0.44] cm for the second left parasternal intercostal and 0.39
[0.34; 0.47] cm for second right intercostal. Muscle thickness was not
different between survivors and non-survivors (0.37 [0.28; 0.40] vs
0.40 [0.36; 0.48], p = 0.189 for right parasternal muscle, and 0.34
[0.30; 0.40] vs 0.40 [0.29; 0.50], p=0.30, for left one. Echogenicity var-
ied between sites, with a small range of values (106.4 [93.4; 109.4] and
105.6 [86.7; 113.2] AU for left and right parasternal muscle, respec-
tively). Patients who survived showed a significantly lower
echogenicity score as compared with those who did not survive for
both parasternal intercostal muscles (91 [75.1; 98.3] vs 108 [106.0;
117.6] AU, p = 0.0002 for right parasternal muscles, and 99.2 [77.4;
103.2] vs 108.4 [106.5; 1117.5] AU, p = 0.0003 for left muscles). The
right hemidiaphragm was imaged in cross-section in the zone of appo-
sition asmentioned above. The average thickness of the diaphragmwas
0.25 [0.19; 0.28] cm, and it was similar in patients who did and did not
survive (0.20 [0.17; 0.28] cm vs 0.26 [0.22; 0.30] cm, p=0.053, respec-
tively). However, the echogenicity was significantly different between
alive or deadpatients (65 [62.6; 68] vs 77 [74.2; 94], p=0.0002, respec-
tively). There was a fair correlation between right intercostal
echogenicity and both diaphragm (R2 = 0.3225, p = 0.001) and rectus
femoris (R2 = 0.6323, p < 0.001) echogenicity. Moreover, we observed
a significant correlation between both right parasternal intercostal and
diaphragm echogenicity, and the cumulative fluid balance (R2 =
0.501, p < 0.001, R2 = 0.315, p = 0.001, respectively; Fig. 2). Rectus
femoris architectural characteristics was similar at the admission in
ICU survivors and non-survivors, except for echogenicity, which was
significantly higher in non-survivors (89.3 [81.4; 95.8] vs 108.8 [101.1;
118.6] AU, p < 0.0001). Interestingly, these values showed a significant
correlation with fluid balance (R2 = 0.299, p = 0.001; Fig. 1) as previ-
ously described for respiratorymuscles.We also observed a good corre-
lation between both respiratory and peripheral muscles echogenicity
and urine protein output (R2 = 0.117, p = 0.045, R2 = 0.436,
p < 0.001 and R2 = 0.179, p = 0.016), not showed for their thickness
(Fig. 2).

4. Discussion

The main findings of these preliminary observations are: 1) the
echogenicity of both parasternal intercostal muscles and diaphragm is
.

Alive (n = 15) Dead (n = 17) p Value

0.37 [0.28;0.40] 0.40 [0.36;0.48] 0.1881
91 [75.1;98.3] 108 [106; 117.6] 0.0002
0.34 [0.30;0.40] 0.40 [0.29;0.50] 0.3023
99.2 [77.4; 103.2] 108.4 [106.5; 117.5] 0.0003
0.20 [0.17;0.28] 0.26 [0.22;0.30] 0.0592
65 [62.6;68] 77 [74.2;94] 0.0002
0.69 [0.60;0.75] 0.56[0.52;0.57] 0.0283
1.83 [1.1;2.6] 1.84 [1.3;2.7] 0.9967
89.3 [81.4;95.8] 108.8 [101.1; 118.6] <0.0001



Fig. 2. Correlation between respiratory and peripheral muscular characteristics and fluid balance.
Thefigure shows correlations between respiratory and rectus fermoris muscular thickness and echogenicity and fluid balance. Right parasternal intercostal, diaphragm and rectus femoris
echogenicity were expressed in arbitrary units (AU), the cumulative fluid balance was expressed in ml/day.
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significantly higher in patients who died, and the echogenicity is signif-
icantly correlated with fluid balance and urine protein output;
2) echogenicity of rectus femoris is higher in non-survivors, and corre-
lates better with indices of catabolism as compared with muscle thick-
ness or CSA; 3) greyscale analysis of both respiratory and peripheral
muscles could be a better ultrasound predictor of outcome (Fig. 3).
Fig. 3. Correlation between respiratory and peripheral muscular characteristics and urinary pr
The figure shows the correlations between intercostal, diaphragm and rectus femoris and urin
Right parasternal intercostal, diaphragm and rectus femoris echogenicity were expressed in ar
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Quantitativemusculoskeletal ultrasoundhas been proposed as an al-
ternative imagingmodality to provide estimates ofmuscle quality based
on tissue composition [33]. Conventional greyscale B-mode ultrasound
provides information about the echogenicity or reflective properties of
a tissue, as well as the architectural characteristics of a structure. Keep-
ing the principles of image generation in mind, it is important to
otein output.
ary protein output. The echogenicity of respiratory and peripheral muscles is also showed.
bitrary units (AU), the urinary protein output was expressed in g/day.
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understand that conventional greyscale can only provide two types of
information. Firstly, it informs about the echogenicity or reflective prop-
erties of a tissue, which is an indicator of its composition or makeup
(such as the quantity of collagen or fluid it contains); secondly, it pro-
vides information about the architecture (i.e., internal structure, size,
and shape). As such, changes in muscle size, although influenced by
muscle activity, are a merger of many factors. These are ranging from
the resting state of the muscle, the extensibility and structure of the
musculotendinous unit, the type of contraction taking place, the pres-
ence of competing forces, factors associated with interpreting ultra-
sound images, and factors associated with imaging technique. The
assessment of muscle quality via echogenicity measures has been used
to discriminate among individuals with and without muscle abnormal-
ities [8,34]. Even if small data are available in critical illness, a dimin-
ished muscle composition due to fluid or adipose tissue infiltration or
increased fibrotic tissue is associated with impaired muscle mechanics
thatmay contribute to functional deficits [35,36]. Previous studies dem-
onstrated that admission to intensive care causes a reduction in muscle
size in the thigh, with loss of muscle thickness occurringwithin the first
5 days of admission [14,37,38]. Further loss of muscle thickness has also
been related with loss of muscle function at ICU discharge [39]. The
large majority of COVID-19 ICU survivors developed ICU acquired limb
muscle weakness and more than 40% of patients with limb weakness
still had severely limited function 1-month post weaning [40]. Unfortu-
nately, we do not know if the echogenicity values are indicative also of a
reduction in muscle function, as we did not test any functional scale.
Given the narrow time-course of the present study, it is not particularly
surprising thatwe did not observe any correlation between thickness or
CSA both of respiratory and peripheral muscles and outcome or fluid
balance and urine protein output, as these features likely take few
days to be altered. In fact, it has been showed how later biopsy may
have revealed some evidence of fiber shift and/or type-specific atrophy
that cannot be captured by ultrasound [41]. Even if we did not follow
over the time the ultrasound variables, we found that earlier
echogenicity of both respiratory and peripheral muscles was associated
with outcome. This could be related to the positive fluid balance perpet-
uated over the days before admission in the ICU and/or due to the in-
flammation/septic status (as suggested by C-reactive protein) [41].
This result may also explain the difference in diaphragmatic thickness
observed in patients who went on to die as compared with survivors,
in contrast to previous observations [38,42]. An overall positive fluid
balance is not unusual in critical illness. Moreover, independently of
such changes, alterations in factors such as oncotic pressure and micro-
vascular permeability may alter fluid distribution between the vascular
and tissue compartments. As we observed a relationship between fluid
balance and change in echogenicity, wemay consider thefluid balance a
crude surrogate for fluid state, which does not distinguish between in-
travascular, intracellular, third spaces and fluid shifts between them. It
still remains amirror of illness severity, even if we did not observe a sig-
nificant difference in term of SAPS II between the survivor or not. This
assumption comes from previous studies based on the biochemical
analysis which showed how echogenicity was significantly associated
with intramuscular liquid and adipose tissue, rather than fibrotic tissue
[9,41]. In fact, a direct correlation betweenmuscle wasting and both in-
flammation and acute lung injury was described. In addition, all our pa-
tients were confined to bed for days before ICU admission, assistedwith
oxygen and NIV not sufficient to overcome the pulmonary disease. All
these factors could be associatedwithmuscle wasting in varying degree
[43]. Moreover, echogenicity measures have demonstrated value in the
assessment of neuromuscular diseases and may be an important factor
in observedmuscle performance insufficiencies [44-46]. Edema, neutro-
phil infiltration, and fibrin deposition dominated the early phase of crit-
ical illness, with macrophage-rich cellular fasciitis extending deeper
within the muscle fascicles, while themyofiber necrosis and muscle re-
generation appeared later. It has already been shown how an increased
ultrasound echogenicity during the first week of critical illness predict
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the presence of myofiber necrosis [47]. We found that a higher muscle
echogenicity (indicating poorer muscle quality) negatively correlated
with survival in this clinical scenario of COVID19-related ARDS. Impor-
tantly, changes in muscle quantity and quality reflect the disease sever-
ity and has potential biomarker utility in longitudinal observational and
interventional COVID19 related-disease studies.

The strength of the positive correlation between intercostal muscle
and diaphragm echogenicity and outcome was similar to that between
quadriceps rectus femoris echogenicity and outcome. Previous histolog-
ical studies have shown that parasternal intercostal muscles undergo
remodeling in chronic pulmonary disease [48]. To our knowledge,
there are no data looking at imaging correlates of these changes. Even-
tually, even though severe COVID19-related ARDS has been observed to
principally affect the respiratory system, neurological involvements
have already been reported [49]. Among different neurologicalmanifes-
tations also skeletal muscle injury and peripheral nerve may be impli-
cated [50]. Signs of skeletal muscle damage often associated with liver
and kidney involvement have already been noted [51]. Muscle enzymes
have been showed highly elevated in the symptomatic patients, but the
exactmechanism ofmuscle damage has not been established [52]. Thus,
we cannot speculate if there could be a direct effect of viral infection to
muscular structures that may be exacerbated by inflammatory disease.

This study has several important limitations. The sample size pre-
cludes meaningful exploration of the association of wasting with spe-
cific disease entities. However, homogeneity of muscle loss with
stratification by fluid balance and urine protein output suggests that
the specific disease state may not be themost significant driver of mus-
cle loss during the acute phase. Although these data may be relevant to
COVID19 disease-related patients during the acute stages of illness, ex-
panded disease-specific studies are needed. Then, the first day of ICU
admission does not necessarily reflect the first day of critical illness.
However, although we were unable to quantify physiological derange-
ment prior to admission, the median time from hospital to ICU admis-
sion was 1 week, in which this phenomenon is likely. Moreover, we
did not follow over the time the US variation. As a result, we may
have missed those patients who lose muscle far more slowly or rapidly.
Even if we did not measure the intraclass correlation for repeated mea-
sures (intra-rater reliability), this has been already recently tested
[11,19,26]. Eventually, the quantitative estimation of echogenicity in
clinical settings is often performed through greyscale histogram analy-
sis. This imaging analysis technique involves the construction of a plot
featuring the number of pixels associatedwith a given ROI within inter-
vals determined by intensity level [53,54]. To our knowledge, data re-
garding the use of this methodology in critical illness are scarce,
especially when considering the recent pandemic related with
COVID19 disease.

5. Conclusions

Our preliminary data show the feasibility of performing quantitative
measurements on intercostals, diaphragm and quadriceps muscles ul-
trasound in COVID19 critically ill patients and suggests that early
changes in the muscle parameters may potentially predict the survival
rate. The early changes detected by ultrasound suggest a potential ben-
efit of proactive early therapies designed to preserve respiratorymuscle
architecture to reduce days on MV, although what constitutes a clini-
cally significant change in muscle echogenicity remains unknown.
Small sample size precludes definite interpretation of trends seen in
our study. Larger studies are needed to define parameters of serial inter-
costal and diaphragm muscle changes on ultrasound in COVID19 pa-
tients on MV.
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