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Abstract

Purpose Skeletal muscle ultrasound is a valuable tool for assessing muscle wasting in ICU. Previous studies on skeletal
muscle ultrasound in ICU have been performed on lower limb muscles. The current study is formulated to assess the feasibil-
ity and reliability of anterior temporalis (AT) muscle ultrasound for measuring muscle wasting in ICU.

Methods In this prospective cohort study in 48 critically ill patients with sepsis, muscle layer thicknesses (MLTs) and mean
grayscale (GS) values of anterior temporalis muscles and quadriceps femoris (Q) were measured at baseline and serially till
7 days. Correlation was made between baseline and change in MLT and GS values of AT and Q muscle and these parameters
were compared between ICU survivors and non survivors.

Results Baseline anterior temporalis MLTs or their longitudinal changes over 7 days did not correlate significantly with the
corresponding parameters of quadriceps femoris muscles. The baseline GS values of two muscle groups correlated weakly
at baseline, but the change in GS over 7 days showed no correlation. The baseline MLTs of both muscle groups and their
longitudinal change over 7 days did not correlate with ICU length of stay. The change in MLT of AT over 7 days was sig-
nificantly greater in ICU non-survivors compared to survivors.

Conclusion Measurement of ultrasonographic muscle layer thickness and grayscale parameters of anterior temporalis muscle
did not show good correlation with that of quadriceps muscle.

Keywords ICU-acquired weakness - Skeletal muscle ultrasound - Muscle wasting - Anterior temporalis

Introduction imaging (MRI) based muscle mass estimation [1, 2], with

the additional advantages of point-of-care availability, low

Skeletal muscle ultrasound is emerging as a valuable tool
for assessing muscle wasting in critically ill patients. Ultra-
sound measurements correlate well with the findings of
computerized tomography (CT) and magnetic resonance
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cost and absence of radiation exposure. Ultrasound derived
Quadriceps muscle layer thickness (QMLT) has been found
to accurately assess muscle mass in intensive care units
(ICU). It also correlates with muscle strength and length
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of stay in ICU [3-6]. In addition to muscle cross-sectional
area (CSA) and muscle layer thickness (MLT), some stud-
ies have found increase in echogenicity of limb muscles in
critically ill patients to correlate with the development of
muscle necrosis [7, 8].

The accuracy of sonographic assessment of lower limb
musculature may be affected by peripheral edema and obe-
sity [9]. While sunken temples have been described as part
of Hippocratic facies found in cachectic patients and often
found in critically ill patients with muscle wasting, ultra-
sonographic observation of temporalis muscle wasting in
ICU has not been studied to the best of our knowledge. This
muscle may be relatively spared from edema due to its ante-
rior location and the insonation of the muscle may be easier
with no requirement of disrobement or exposure of lower
limbs.

This study is formulated to test the feasibility of sono-
graphic assessment of temporalis muscle thickness and
echogenicity. We hypothesize that the baseline MLT and
echogenicity of anterior temporalis muscle and their percent-
age change over 7 days correlate with the antero-posterior
MLT and echogenicity of quadriceps femoris muscle (i.e.,
the combined thickness of rectus femoris and vastus inter-
medius muscle layers).

The primary objective of our study is to assess the cor-
relation between the percentage longitudinal change of ante-
rior temporalis MLT over 7 days with the corresponding
changes in quadriceps femoris muscle. We also assessed
the relation between the baseline thickness of both muscle
groups, the baseline grayscale values (echogenicity) and
their change in both muscle groups. The relation of ultra-
sound parameters with ICU length of stay and mortality was
also assessed.

Methods
Study design and settings

This single centre, prospective observational cohort study
was undertaken in the ICU of Department of Anaesthesiol-
ogy, Pain Medicine and Critical Care, All India Institute of
Medical Sciences, New Delhi. The ethical clearance was
obtained from the institutional ethics committee. Pre-trial
registration of protocol was done with Clinical Trial Regis-
try-India vide registration number CTRI/2018/09/015827.

Study population
Forty-eight critically ill adult (age more than 18 years)
patients admitted to ICU with diagnosis of sepsis as per

Sepsis-3 definition [10] and expected to have ICU stay of
at least seven days were included in our study. Informed
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consent was obtained from the patients or their legally
authorized representatives. Exclusion criteria were fail-
ure to obtain informed consent, paraparesis, quadriparesis,
primary systemic neuromuscular disease and deep venous
thrombosis.

Data collection

The following baseline variables were recorded: medical
diagnosis, age, sex, body mass index, Acute Physiology and
Chronic Health Evaluation (APACHE) Il score, and Sequen-
tial Organ Function Assessment (SOFA) scores. Serial mus-
cle ultrasonography was done on day 1, 3, 5 and 7. MLTs
and mean grayscale values (GS) of anterior temporalis and
quadriceps femoris (rectus femoris and vastus intermedius)
muscles were recorded. The length of stay in ICU (ICU-
LOS) and ICU outcome (death or discharge) for each patient
were recorded.

Procedure for muscle ultrasonography

Ultrasound measurements of MLT and GS were done using
6—12 MHz linear array probe (FUJIFILM SonoSite Edge®,
Bothell, WA), with the patients in supine position and the
legs relaxed lying flat in extension and not clenching teeth
or biting the endotracheal tube.

Quadriceps muscle ultrasound of each side was done at
two positions: (i) the midpoint between the antero-superior
iliac spine (ASIS) and the upper pole of the patella and (ii)
the junction between the lower third and upper two-thirds
between the ASIS and the upper pole of the patella [5, 11].
The mean values of readings from 4 points (two from each
side) were recorded as a reading of anteroposterior MLT of
Quadriceps femoris muscle. The average of three such read-
ings were recorded as Quadriceps muscle layer thickness
(QMLT) in millimeters (Fig. 1).

For the anterior temporalis muscle, the probe was placed
in front of the anterior hair line just above the zygomatic
arch on each side [12]. The thickness of the muscle layer
was measured at three points- the point A corresponding to
the deepest point of temporal fossa, the subsequent points
B and C being 1 cm apart. The maximum thickness at point
A and the mean values of the thickness at three points were
recorded in millimeters. The maximum and mean thickness
were measured thrice on both sides (i.e., 6 measures) and
averaged and recorded as ATMLTmax (average of MLTs at
point A) and ATMLTmean (average of MLTs measured at
points A, B and C) (Fig. 1).

Muscle echogenicity was measured post image
acquisition as mean grayscale value on a scale from 0
(black) to 255 (white) by gray-scale histogram analysis
using the software ImageJ (National Institute of Health,
USA; https://imagej.nih.gov). The region of interest
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Fig. 1 Ultrasound measurement
of thickness of Anterior Tem-
poralis (left) and Quadriceps
femoris (right) muscles

A 0.68cm B 0.45¢cm

(ROI) for histogram analysis was obtained by tracing
the margins of anterior temporalis muscle and rectus
femoris muscle. Vastus intermedius muscle area was
not included in ROI due to the possibility of inadequate
insonation of deeper muscle layers in patients with sub-
cutaneous edema or thick musculature. The average of
three readings from both sides were recorded as GS ¢
and GS, for anterior temporalis and quadriceps femoris
muscle groups respectively (Fig. 2).

To eliminate inaccuracy due to variable gain settings,
the measurements were done using default gain level
and factory preset resolution. All ultrasonography were
done by the same observer (AB), and subsequently saved

Fig.2 Ultrasound measurement
of echogenicity of Anterior
Temporalis (a) and Quadriceps
femoris (b) muscles with the
corresponding histogram analy-
ses (c, d)

images were checked by a radiologist (MJ). None of them
participated in data collection.

Sample size calculation and data analysis

Assuming coefficient of correlation (r) > 0.4, 47 critically
ill adults were planned to be included in our study. Based
on a planned interim analysis after 20 patients, sample size
was modified to 48 patients. Nominal and ordinal data were
represented as frequency (percentage). Parametric and non-
parametric data were summarized as mean =+ standard devia-
tion and median (interquartile range) respectively. Normality
of continuous data was tested by visual inspection of histo-
grams, skewness, kurtosis and their critical values, and using
Shapiro—Wilk test.
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Pearson’s correlation was used to assess the correlation
between values of two parametric variables, Spearman rho
was used if one of the variables was non-parametric, and
Kendall’s tau was used if both the variables were non-par-
ametric. Paired 7-test and Wilcoxon signed rank test were
used for comparison of distribution of paired parametric
and non-parametric data respectively. Student z-test and
Mann Whitney U-test were done to compare distribution
of values for independent parametric and non-parametric
variables.

A two tailed p-value lower than 0.05 was considered
significant for rejecting all null hypotheses. R Project with
R Studio and Microsoft Excel were used for data compi-
lation, statistical analysis and graphical representations.

Result

In this prospective observational trial, 48 patients were
recruited. Demographic parameters, diagnosis and disease
severity scores are displayed in Table 1. Baseline MLTs
of 48 patients and their change over 7 days were included
for analysis. After exclusion of a sub-optimal image of 1
patient for gray-scale analysis, the grayscale scores of 47
patients and their change over 7 days were included for
analysis.

Table 1 Baseline characteristics of study population

Characteristics Values (n=48)
Age® (in years) 38.5 (25-55)
Gender
Male 27 (56.25%)
Female 21 (43.75%)
BMI" (kg/m?) 22.55 (3.03)
Diagnosis at ICU admission
Pneumonia (HAP/CAP/VAP) 15 (31.2%)
Abdominal/urosepsis 10 (20.8%)
Postoperative complications 10 (20.8%)
Tropical illness 9 (18.7%)
Meningoencephalitis syndrome 3(6.2%)
Neutropenic sepsis 1(21%)
Severity score at admission
SOFA" 10.43 (4.07)
APACHE II 20.45 (7.12)
Septic shock 31 (64.6%)
Mechanical ventilation 46 (95.8%)

Data presented as mean (SD) for parametric data*, median (interquar-
tile range) for non-parametric data®, and frequency (percentage) for
nominal or ordinal data
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The maximum and mean anterior temporalis muscle
layer thickness decreased by a median of 9.9% (IQR —4.9
to 18.1%) and 7.1% (IQR — 1.8 to 17.1%) respectively over
7 days. The QMLT decreased by a median of 11.4% (IQR
—10.9 to 27.9%) over 7 days. The changes in measure-
ments of quadriceps MLT, maximum and mean MLT of
anterior temporalis over 7 days, henceforth mentioned as
AQMLT, AATMLTmax and AATMLTmean, are statisti-
cally significant (Table 2).

The median increase in echogenicity of anterior tempo-
ralis muscle (AGS,r) is 5.2% (IQR —7.4 to 17.1%), but the
increase is not statistically significant, Wilcoxon signed
rank test, W=454, z=—1.37, p=0.246. The echogenicity
of quadriceps femoris muscle increased by a median of
7.6% (IQR — 6.6 to 27.9%), and the increase is statistically
significant, Wilcoxon signed rank test, W=337, z=-2.57,
p=0.016.

The baseline maximum or mean MLTs of aneterior tem-
poralis muscle and their change over 7 days did not corre-
late significantly with those of Quadriceps femoris muscle
(Table 3). A weak but statistically significant correlation
was seen between the baseline mean grayscale of ante-
rior temporalis and quadriceps femoris, rho(45)=0.32,
p=0.026. However, there was no significant correlation
between their percentage change over 7 days, r,=0.15,
p=0.133.

Thirty-three patients in the study population survived
till discharge. The baseline characteristics of the ICU-sur-
vivors and non-survivors were comparable (Table 4). The
median decrease in ATMLTmax was significantly greater
in ICU non-survivors, compared to survivors (Mann Whit-
ney U=151.5, p=0.034) (Fig. 3). No significant differ-
ences were found in other muscle parameters between ICU
survivors and non-survivors (Table 5). None of the MLT
and echogenicity parameters of both muscle groups cor-
related with the length of stay in ICU (Table 6).

The measurements of ATMLTmax is moderately reli-
able [ICC(2,1)=0.663, 95% CI 0.594-0.726 p <0.001].
The ATMLTmean and QMLT measurements have excel-
lent reliability [ICC(2,1)=0.893, 95% CI 0.865, 0.916,
p<0.001; ICC(2,1)=0.992, 95% CI 0.990, 0.994,
p <0.001 respectively]. The echogenicity scores have
excellent intra-rater agreement for anterior temporalis
[ICC(2,1)=0.925, 95% CI 0.905, 0.942, p <0.001] and
quadriceps femoris muscles ICC(2,1)=0.964, 95% CI
0.953, 0.973, p < 0.001].
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Table 2 Table showing muscle
ultrasound parameters and

Parameters

Values

clinical parameters during the
first 7 days of ICU stay, and
ICU outcomes

ATMLTmax (mm)

AATMLTmax (%)
ATMLTmean (mm)

A ATMLTmean® (%)
QMLT (mm)

AQMLT® (%)
GS,r

Percentage increase in GS,p (AGSp)®

GS,

Percentage increase in GSg, over 7 days (AGSQ)$

Muscles relaxant usage [n (%)]

MRC score at baseline
Unassessable [n (%)]
MRC <48 [n (%)]

MRC >48 [n (%)]

MRC score at day 7
Unassessable [n (%)]
MRC <48 [n (%)]

MRC >48 [n (%)]
ICU survivors [n (%)]
ICU length of stay (days)®

Dayl™: 6.6 (1.5)

Day7": 6.2 (1.3)

1=3.1075, df=47, p=0.003
9.9(-4.9-18.1)

Dayl™: 4.8 (1.3)

Day7®%: 4.1 (3.6-5.2)
Wilcoxon W=2868, p=0.001
7.1 (-1.8-17.1)

Day1%: 19.1 (16.4-23.0)
Day7%: 18.1 (13.9-22.1)
Wilcoxon W=868, p=0.001
11.4 (-10.9-27.9)

Dayl1": 43.6 (10.5)

Day7%: 42.3 (37.4-53.0)
Wilcoxon W=454, p=0.246
5.2 (=7.4-17.1)

Day1%: 60.2 (52.2-69.2)
Day7°: 63.9 (53.5-77.2)
Wilcoxon W=337, p=0.016

7.6 (—6.6-27.9)
15 (31.25%)

30 (62.5%)
1 (2.1%)
17 (37.4%)

25 (52.1%)
1 (2.1%)

22 (45.8%)
33 (68.75%)
12 (10-17)

Data presented as mean (SD) for parametric data*, median (interquartile range) for non-parametric data®,
and frequency (percentage) for nominal or ordinal data

Discussion

This single center, prospective observational “proof of con-
cept” study was designed to assess the feasibility of ultra-
sonographic assessment of anterior temporalis muscle for
assessing muscle wasting in ICU. The findings of our present
study suggest a significant decrease in thicknesses of ante-
rior temporalis and quadriceps femoris in the first week of
critical illness. There is, however, no correlation between the
MLT of anterior temporalis and quadriceps muscle groups at
baseline or the changes in their MLTs over 7 days. The echo-
genicity of both muscle groups correlates weakly at baseline,
with no correlation seen in change in mean grayscale scores
over 7 days. ICU non-survivors have significantly higher loss
of maximum thickness of anterior temporalis muscle over
7 days compared to survivors.

Muscle weakness in ICU has been found to be an inde-
pendent predictor of mortality [13, 14], prolonged mechani-
cal ventilation [15, 16] and increased length of stay in ICU
[17]. Lower limb muscle mass has been found to correlate
with strength in healthy individuals and critically ill patients
[18, 19]. Most of the studies on ultrasonographic assessment
of muscle wasting involve quadriceps femoris muscle. This
is the first study to assess the feasibility of using a facial
muscle for assessing muscle wasting in critically ill patients.
Previous studies using ultrasonographic assessment of tem-
poralis muscle layer thicknesses were done in outpatients
with brain metastasis and oral submuscosal fibrosis [12, 20].
The baseline maximum and mean thicknesses of anterior
temporalis muscle in our study were approximately 7 mm
and 5 mm, which were similar to the findings of previous
studies. Serial measurements of anterior temporalis mus-
cle layer thickness showed approximately 7-10% decrease

@ Springer
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Tabl‘f" 3 Tgble showi.ng the Variable X Variable Y No. of Correlation  p value  Statistical test

I‘Clathl’l.Shlp of baseline Ipuscle values coefficient (r)

layer thicknesses and their )

percentage changes between

anterior temporalis and Baseline ATMLTmax  Baseline QMLT 48 0.15 0.315 Spearman rho

gﬁé’sgsceps femoris muscle Baseline ATMLTmean Baseline QMLT 48 0.14 0.326 Spearman rho
Baseline ATMLTmax  Baseline ATMLTmean 48 0.87 <0.001 Pearson correlation
AATMLTmax AQMLT 48 0.15 0.128 Kendall’s tau
AATMLTmean AQMLT 48 0.02 0.817 Kendall’s tau
AATMLTmax AATMLTmean 48 0.60 <0.001 Kendall’s tau
Baseline GS 1 Baseline GS, 47 0.32 0.026 Spearman rho
A GS,r A GSq 47 0.15 0.133 Kendall’s tau

over 7 days of ICU stay, depending on the method of meas-
urement (i.e., ATMLTmax and ATMLTmean). Although
statistically significant, the actual magnitude of such small
changes in the thickness of a muscle whose average baseline
thickness is 5-7 mm is minimal. This is a major limitation
of using the serial assessment of anterior muscle layer thick-
ness for monitoring muscle wasting.

Our study found no correlation in baseline MLT as well
as the percentage changes of MLT over 7 days between the
two muscle groups. These findings suggest that serial ante-
rior temporalis muscle ultrasonography may not be ideally
used in place of limb ultrasonography for assessment of
muscle wasting in ICU.

Our study found no significant correlation between
ICU length of stay and baseline thicknesses of either mus-
cle groups. On the contrary, Gruther and colleagues had
observed good correlation of baseline and change in quadri-
ceps muscle mass with ICU length of stay [5]. However, the
cohort of patients was different (polytrauma, cardiovascular
diseases, post-transplantation etc.) and the follow up period
was 28 days.

We observed significantly more decrease in ATMLT over
7 days in ICU non-survivors compared to those who sur-
vived till ICU discharge. No difference was seen in other
muscle ultrasound parameters between ICU survivors and
non-survivors. This is an important finding that may be
explored as a hypothesis for testing in future studies.

Muscle echogenicity is higher in critically ill compared
to healthy controls [8, 21]. Change in muscle echogenicity
was greater in patients who developed muscle necrosis than
in those who did not [22]. The present study found non-sig-
nificant increase in mean echogenicity of anterior temporalis
muscle over 7 days. The mean echogenicity of quadriceps
femoris increased by 7.6% over 7 days. The increase in echo-
genicity was similar to the findings of Parry and colleagues
[7]. The baseline echogenicity of the two muscle groups
correlated weakly with each other. No significant correla-
tion was seen between the changes in echogenicity of the
two muscle groups over 7 days. No significant correlation
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Table 4 Table showing baseline characteristics of ICU-survivors and
non-survivors

Characteristics ICU- ICU-Non- p value
Survivors  Survivors
(N=33) (N=15)
Age (years) 45 (26-59) 32 (23.5-49.5) 0.196
Sex 0.556
Male 20 7
Female 13 8
Diagnosis 0.145
Pneumonia 9 6
Abdominal sepsis/urosepsis 4 6
Post operative 9 1
Tropical Illness 7 2
Meningoencephalitis 3 0
Neutropenic sepsis 1 0
Apache II score 19.5(6.8) 22.5(7.6) 0.191
SOFA score 9.7 (3.9) 11.9 (4.2) 0.087

Parametric variables marked ‘*’ are represented by mean (SD), non—
parametric variables marked ‘$’ are represented by median (IQR),
and nominal and ordinal variables are represented as frequency (per-
centage)

of baseline echogenicity and percent change in echogenic-
ity of both the muscle groups with ICU-length of stay were
observed. The relation of muscle echogenicity with ICU
outcomes such as mortality or length of stay has not been
studied previously.

Sarwal and colleagues found excellent inter-observer
reliability of grayscale analysis of muscle ultrasonography
images for measuring muscle echogenicity of quadriceps
muscles [23]. We have also observed good intra-rater agree-
ment between mean echogenicity measurements for both the
muscle groups.

Our findings are subject to several limitations. First, the
enrolled patients had varying durations of hospital stay
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Fig.3 Comparison of changes
in maximum muscle layer thick- 50 -
nesses (AATMLTmax) in mil-
limeters betw;en ICU-survivors Wilcoxon, p = 0.034
and non-survivors
25
3
%
[
£
= 0
-
=
5
25
Non S:l"-/ vor Survivor
ICU outcome
Table 5 Table showing muscle Variables ICU survivors (N=33) ICU non-survivors (N=15) p value
ultrasound parameters of ICU
survivors and non-survivors Baseline ATMLTmax" (mm) 6.7 (1.5) 6.6 (1.6) 0.855
Baseline ATMTmean” (mm) 4.8(1.2) 4.6 (1.3) 0.544
Baseline QMLT® (mm) 19.6 (16.8-23.2) 18.4 (16.5-22.5) 0.681
AATMLTmax® (%) 5.0 (—11.5-13.1) 17.6 (4.7-22.6) 0.034
AATMLTmean® (%) 5.3(-2.4-13.3) 14.0 (2.9-23.8) 0.071
AQMLT?® (%) 12.9 (—10.8-24.7) 8.3 (—=11.2-33.7) 0.826
Baseline GS ;" 41.9 (9.3) 47.2 (12.3) 0.111
Baseline GSQ$ 60.3 (51.4-67.3) 58.5 (53.9-69.3) 0.732
A GSAT$ (%) 7.9 (—4.9-16.7) —-4.5(-15.0-18.0) 0.361
A GSQ$ (%) —-0.5(—8.9-18.2) 21.6 (12.7-30.4) 0.057

Parametric variables marked ‘*’ are represented by mean (SD) and non—parametric variables marked ‘$’

are represented by median (IQR)

before ICU admission, which may influence the results of
the study. Second, the fluid balance, nutritional risk assess-
ment and biochemical parameters of nutrition are important
factors that may influence muscle layer thickness and echo-
genicity. These factors were not included in data collection.
Third, steroid usage, mechanical ventilation days, handgrip
strength were not assessed. MRC scoring was feasible in
only 18 of 48 patients at baseline, and in 23 patients at day

7 of ICU stay. Among the patients whose muscle strength
could be assessed at day 7, only 1 patient had MRC score
less than 48. This may limit the generalization of our result
to other patient cohorts with significantly higher incidence
of ICU acquired weakness.

In conclusion, measurement of ultrasonographic muscle
layer thickness and grayscale parameters of anterior tem-
poralis muscle do not show good correlation with that of

@ Springer
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Tablg 6 Table showing the Variable X Variable Y No. of Correlation coef- p value Statistical test

relation betweeq tbe MLTs, values (n) ficient (r)

muscle echogenicity scores and

their percentage changes over. ICU-LOS Baseline ATMLTmax 48 0.27 0.066 Spearman rho

chéysf‘;”ctgifrgsgg of stay in Baseline ATMLTmean 48 0.20 0.177 Spearman rho
Baseline QMLT 48 0.08 0.422 Kendall’s tau
AATMLTmax 48 0.09 0.368 Kendall’s tau
AATMLTmean 48 0.18 0.074 Kendall’s tau
AQMLT 48 —-0.04 0.695 Kendall’s tau
Baseline GS 1 47 -0.12 0.427 Spearman rho
Baseline GS, 47 0.04 0.686 Kendall’s tau
AGS,p 47 0.14 0.170 Kendall’s tau
AGS, 47 -0.09 0.387 Kendall’s tau

quadriceps muscle. The magnitude of changes in thicknesses References

of a fan-shaped muscle like anterior temporalis muscle is
very small and therefore, may not be accurately measurable
in serial scans. Therefore, serial ultrasound of anterior tem-
poralis muscle may not be clinically useful in monitoring
muscle wasting in critically ill patients with sepsis.
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