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ABSTRACT

Background and aims: Muscle wasting in critically ill patients is associated with poor outcomes. During intensive care unit (ICU) stay, delivering
appropriate nutritional support helps minimize muscle loss. We sought to evaluate the impact of high-dose protein on muscle thickness and
cross-sectional area (CSA), as well as to track changes in muscle echogenicity and pennation angle (PA) using bedside ultrasound in this population.
Patients and methods: We conducted a randomized, prospective, double-blind trial in which 30 patients mechanically ventilated for more
than 48 hours and receiving enteral feed were enrolled. Patients were divided into two groups, and all patients received enteral feeds with total
calories of about 25 kcal/kg/day. In the high-protein feed (HPF) group, patients were targeted to receive 1.5 gm/kg/day of protein, whereas in
the standard feed (SF) group, patients received 1 gm/kg/day of protein. After ICU admission, muscle thickness, CSA, echogenicity, and PA were
measured in all mechanically ventilated patients on days 1, 3, 5, and 7 using bedside ultrasound. The right lower limb vastus lateralis (VL) and
the medial head of the gastrocnemius were investigated.

Results: We found a progressive decrease in muscle mass from day 1 to day 7 in all patients. Our study showed that muscle thickness and CSA
were significantly higher in the HPF group than the SF group over 7 days, whereas muscle echogenicity and PA changes were not statistically
significant.

Conclusion: High-protein feeds prevent muscle wasting in critically ill patients compared to patients receiving SFs during the first week of ICU
stay. The qualitative muscle parameters, like muscle echogenicity and PA changes, were not significant.
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HIGHLIGHTS

Skeletal muscle wasting in critically ill patients is common and leads
to poor outcomes. In this study, the effect of a high-protein diet

-*Department of Anaesthesiology, Pain Medicine and Critical Care, All
India Institute of Medical Sciences, New Delhi, India

Corresponding Author: Bikash R Ray, Department of Anaesthesiology,

was compared with a standard-protein diet and was found to have
a decrease in muscle wasting in high-protein diet as assessed by
quantitative [muscle thickness and cross-sectional area (CSA)] and
qualitative [muscle echogenicity and pennation angle (PA)l muscle
parameters measured by ultrasound measurement. However, the
qualitative parameters were not significant.

INTRODUCTION

Clinically detectable weakness in critically ill patients who are not
having any etiology or condition extrinsic to underlying critical
iliness is called as intensive care unit-acquired weakness (ICU-AW).'
Skeletal muscle weakness contributes significantly to physical
and functional disability, which also negatively impacts mortality,
ventilator, and ICU-free days.>® The extent of skeletal muscle
wasting directly correlates with the severity of organ dysfunction
in critically ill patients, especially those with acute respiratory
distress syndrome (ARDS).* During the acute phase of illness, an
imbalance favoring muscle protein degradation over synthesis
leads to a persistent catabolic state in critically ill individuals.>>¢
The protein dose, source of protein, and timing of ingestion can
further influence skeletal muscle gains with exercise.” Among the
types of proteins used in nutritional supplements, whey protein is
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more effective as it is a rich leucine source. Leucine is essential for
muscle building, as the rate of protein production is proportional
to the leucine content of the meal.®2 Conventionally, ICU-AW is
identified through the use of clinical examination.” However, there
is often a delay in diagnosing critical illness myopathy due to the
patient’s neurological status on clinical examination.'®" Diagnostic
modalities like muscle biopsy and nerve conduction studies are
employed to detect ICU-AW. However, these techniques are both
invasive and costly. Timely recognition of critical illness myopathy
is essential, as the majority of muscle alterations manifest within
the initial 10 days of critical iliness.?
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Ultrasonography (USG) is commonly utilized as a noninvasive
modality for assessing and quantifying skeletal muscle mass.'?
Qualitative alterations in muscle architecture can likewise be
evaluated through assessments of echogenicity and PA using
USG."® The echogenicity of muscles on ultrasound is usually low,
as the healthy tissue contains little fibrous content, which is mainly
responsible for ultrasonic reflection.'*'®

Muscle echogenicity also increases in ICU patients.'® The
PA refers to the angle at which muscle fibers insert into the
aponeurosis, reflecting muscle fiber orientation and architecture.
Itis directly correlated with muscle strength and higher the PA, the
more the contractile material is arranged within a given volume.!”
Thus, we decided to use B-mode ultrasound to characterize the
differences in muscle mass, muscle echogenicity, and fascial
characteristics such as the PA. In this prospective clinical study, we
evaluated the impact of high-dose protein feed on quantitative and
qualitative alterations in the vastus lateralis (VL) and gastrocnemius
muscles. These parameters were assessed using USG in intubated
ICU patients over the initial 7 days of admission.

PATIENTS AND METHODS

This investigation was conducted as a prospective, randomized,
double-blind trial within the ICU setting of the All India Institute of
Medical Sciences, New Delhi, in the Department of Anaesthesiology,
Pain Medicine, and Critical Care. After recieving institutional ethical
committee approval (Approval no. = NK/ 1607/MD/10089-90) and
CTRI clearance (CTRI/2020/02/023512), patients were enrolled.
Written informed consent was procured from the relative or next
of kin of the patient prior to enrollment in this investigation. At the
time of study inclusion, all participants were receiving nutritional
support via enteral feeding.

The study population consisted of patients admitted to the
ICU who met the following inclusion criteria: enrollment on the day
of ICU admission, post-intubation status, age between 18 and 70
yearsinclusive, and a clinical expectation of requiring endotracheal
intubation for a duration exceeding 48 h. Patients who underwent
successful extubation within the initial 7-day period following
intubation were subsequently excluded from the final analysis.
Individuals not meeting these predefined inclusion criteria were
not eligible for study enroliment.

Patients were excluded from participation if informed written
consent could not be obtained from their relative or next of kin,
or if they had any of the following conditions: pregnancy, history
of neurological problems, neuromuscular diseases or muscular
dystrophies, vascular insufficiency or amputation of the limbs,
prolonged immobility before ICU admission, unable to tolerate
enteral feed, history of long-term steroids (>1 month) and trauma.

For each enrolled participant, the following demographic
and clinical data were prospectively collected and recorded: Age
(years), sex (male/female), weight (kilograms), pre-existing history
of cardiac and pulmonary comorbidities, Nutrition Risk in Critically
III (NUTRIC) score, Acute Physiology and Chronic Health Evaluation
(APACHE) Il score, arterial partial pressure of oxygen to inspired
fractional oxygen ratio (PaO,/FiO,) on the first day of ICU admission,
length of stay in the ICU (days), duration of mechanical ventilation
(days), daily vasopressor requirements (expressed as a standardized
dose or units/kg/hour) for the initial 7 days of ICU admission, and
daily Sequential Organ Failure Assessment (SOFA) scores from day
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1 to day 7. Data regarding the total length of hospital stay (days),
discharge destination (e.g., home, rehabilitation facility, long-term
care), and in-hospital mortality were retrieved from the hospital’s
electronic health record system.

Enteral feeding was started as soon as the patient was fully
resuscitated, usually within 24 hours of ICU admission. The standard
feed (SF) was prepared and provided to us by the dietician according
to the study’s requirement. The high-protein diet was prepared by
the treating nurse, as per the allocation, by adding extra protein
powder to the SF. Two different regimens of feed were assigned by
randomization. Enrolled patients received either high-protein feed
(HPF), which contained 25 kcal/kg/day of calorie with the protein of
1.5 gm/kg/day or SF, which included 25 kcal/kg/day of calorie with
a 1 gm/kg/day protein.

Skeletal muscle characteristics were evaluated using USG,
with the acquisition of both quantitative and qualitative data.
Longitudinal B-mode ultrasound imaging of the VL and medial
gastrocnemius (MG) muscles was performed on all enrolled
patients on days 1 (within 24 hours of ICU admission), 3, 5,and 7. A
portable ultrasound device (FUJIFILM SonoSite Edge®, Bothell, WA)
equipped with a 6-12 MHz linear array transducer was utilized for all
examinations. Baseline image optimization settings (e.g., contrast,
gain) were maintained consistently across all assessments, with the
exception of image depth, which was adjusted on an individual
basis to ensure complete visualization of the muscle architecture.

Ultra-sonographers were blinded to the clinical and nutrition
parameters. All ultrasound examinations are done by experienced
researchers who have been using muscle ultrasound for >2 yr.

For scanning the VL, patient positioning was done by elevating
the head end to 45° while keeping the legs flat on the bed. From
the femoral lateral condyle, the measurement was taken 10 cm
proximally, along both the long and short axes of the muscle to
measure muscle thickness and CSA (Fig. 1A).

The optimal view of the gastrocnemius was done by knee
flexion with the foot placed flat on the bed. Muscle thickness
was measured at the point of maximal muscle belly diameter.
Cross-sectional area was determined by tracing the muscle
fascia along both the longitudinal and transverse planes of the
ultrasound probe (Fig. 1B). The depth was adjusted to visualize
both the aponeuroses along with muscle’s fascicles. During
the examination, all the images of muscles were saved in the
ultrasound machine. Muscle thickness and CSAs are measured
using the caliper and manual tracing inbuilt software of the
ultrasound machine. For the measurement of echogenicity and PA,
the saved images were exported to a laptop. The echogenicity and
PA were measured using the freely available “ImagelJ software”
(version 1.47, National Institutes of Health, USA).

Muscle thickness (cm) was measured as the distance between
the superficial and deep aponeuroses in each image (Fig. 1C)

The CSA measurement of the muscle was obtained through
manual tracing of the muscle borders, and the measurements were
recorded in centimeter square (Fig. 1D).

Muscle echogenicity was calculated post-image acquisition in
terms of the mean grayscale value on a scale from 0 to 255 using
grayscale histogram analysis with ImageJ software (version 1.47,
National Institutes of Health, USA) (Fig. 1E).

The PA was taken as the angle between the fascicle and the
superficial aponeurosis using ImagelJ software (version 1.47,
National Institutes of Health, USA) (Fig. 1F).
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Figs 1A to F: Represent images of VL and gastrocnemius. (A) Vastus lateralis; (B) Gastrocnemius; (C) Muscle thickness; (D) Cross-sectional area; (E)

Echogenicity; (D) Pennation angle

Categorical variables are presented as frequencies and
percentages. Continuous variables are presented as mean
+ standard deviation or median and interquartile range, as
appropriate, based on the assessment of data normality using
the Kolmogorov-Smirnov test." For comparisons of quantitative
variables, the independent t-test or the non-parametric Mann-
Whitney U test was employed based on the normality of the data
distribution. Qualitative variables were compared using the chi-
square test or Fisher’s exact test where applicable. The correlation
between the NUTRIC score, day 1 PaO,/FiO, ratio, day 1 SOFA
score, and the percentage change in muscle size was evaluated
using Spearman’s rank correlation coefficient. A p-value of less
than 0.05 was considered to indicate statistical significance. Data
management and analysis were performed using Microsoft Excel
spreadsheets and the Statistical Package for the Social Sciences
(SPSS) version 21.0 (IBM Corp., Armonk, NY, USA).

REesuLTs

Of the 86 critically ill, mechanically ventilated patients evaluated
for eligibility in this prospective investigation, 30 patients met the
inclusion criteria and underwent randomization (Fig. 2). The final
statistical analysis was performed on this cohort of 30 patients,
whose baseline demographic and clinical characteristics are
summarized in Table 1. The median age of the study participants
was 36 years. At the time of admission, all enrolled patients were
classified as having a good nutritional status (mean NUTRIC = 2.1),
and most admission diagnoses were pneumonia (43.3%). No
significant difference was found between patients of HPF and SF.

Results concerning muscular changes in the VL throughout the
study are reported in Table 2. Muscle mass decreased irrespective
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86 patients assessed
for eligibility

Exclusions:

» 15 — patients were expected to
be extubated within 48 hours
23 — patient’s enteral
intake not possible on day — 1

» 18 — patients met exclusion
criteria

 Pregnant patients — 6

* Aged > 70 years — 9

» Expected to die within
48 hours — 5

\4

v

Patients underwent
randomization = 30

v v

Randomized to Randomized to
SF group = 15 HPF group = 15

‘ Lost to follow-up = 0 ‘ ‘ Lost to follow-up = 0 ‘

v v

Patients included in Patients included in
primary analysis = 15 primary analysis = 15

Fig. 2: Flow participants in the study

of protein supplement during the ICU stay in all patients. Muscle
thickness was reduced significantly in the SF group (29.46%)
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Table 1: Baseline characteristics of study population

Parameters HPF group SF group Total p-value
Male/Female 9 (60%)/6 (40%) 8(53.33%)/7 (46.67%) 7 (56.67%)/13 (43.33%) 0.713
Age (years) 35.8+13.73 36.6 +13.9 36.2 +13.58 0.884
Weight (kg) 63.6 +8.84 63.53 +8.98 63.57 +8.76 0.983
Septic shock 11 (73.3%) 10 (66.7%) 21 (70%) 1
Comorbidities 6 (40%) 6 (40%) 12 (40%) 1
Diagnosis

AFI 6 (40%) 3 (20%) 9 (30%)

Meningoencephalitis 3 (20%) 0 (0%) 3 (10%) 0.106

Pneumonia 5(33.3%) 8(53.33%) 13 (43.30%)

Urosepsis 1(6.67%) 4 (26.7%) 5(16.7%)

SOFA 7+285 887 +272 793+2.13 0.077

Pa0,/FiO, 227.2 +61.68 204.13 +50.06 215.66 +62.3 0.167

APACHE-II 15.73 +7.28 17.8 +5.09 16.77 +6.26 0.375

NUTRIC 2.07 +1.58 213+1.19 2.1 +137 0.831

MV-NOD (days)* 10.8 + 6.05 1147 £ 6.14 1147 +6 0.767

LOIS (days)** 13.06 + 6.77 15.93 + 10.65 14.5 +8.89 0.387

*MV-NOD, mechanical ventilation number of days; **LOIS, length of ICU stay
Table 2: Muscle wasting in VL on days 1, 3,5, and 7
HPF SF p-value
Mean % change from Mean % change from 9% change between

Vastus lateralis Mean + SD Baseline + SD Mean + SD Baseline + SD HPF vs SF HPF vs SF
VL-MT-1 1.22+0.16 - 1.22+0.18 - 0.983 -
VL-MT-3 1.17 £0.15 429 +4.79 1.09+0.18 10.64 + 10.63 0.196 0.008
VL-MT-5 1.10+0.18 10.48 +7.95 0.94 +0.18 22.60 + 8.20 0.038 0.001
VL-MT-7 1.00 +0.15 18.01 +7.84 0.87 +0.19 29.46 +9.86 0.039 0.003
VL-CSA-1 3.51+043 - 338+0.5 - 0.427 -
VL-CSA-3 3.27 +0.44 7.08 +4.56 2.85+0.57 16.09 + 6.87 0.034 <0.001
VL-CSA-5 3.03+047 13.20 + 6.09 2.63 +0.54 22.65+7.68 0.028 0.002
VL-CSA-7 2.89 +0.45 18.02 +6.28 246 +0.62 2781 +11.73 0.040 0.015
VL-ECH-1 50.53 +10.41 - 51.57 + 10.74 - 0.789 -
VL-ECH-3 57.56 +10.53 15.63 +18.19 58.15+ 10.51 13.71 £7.90 0.881 0.787
VL-ECH-5 62.82 +10.84 26.77 +21.43 62.33 +10.44 2431 +10.75 0.896 0.917
VL-ECH-7 66.89 + 98.3 35.59 +23.80 68.74 +11.32 35.03+12.98 0.635 0.654
VL-PA-1 19.74 +3.14 - 19.71+3.53 - 0.924 -
VL-PA-3 17.19 +3.27 12.93 + 8.67 16.91 + 3.51 14.44 + 6.58 0.824 0.373
VL-PA-5 14.88 +3.17 2444 +11.19 14.78 +3.27 25.35+6.37 0.936 0.724
VL-PA-7 13.63 +3.25 30.74 + 9.49 13.33 +2.83 3249 +6.24 0.770 0.724

compared to the HPF group (18.01%) in the VL muscle at day 7
(p = 0.003), and an all-time point, this significant difference was
observed (Fig. 3). Similarly, the CSA percentage decrease in the
gastrocnemius was less in the HPF than in the SF group during the
ICU stay, with a statistically significant difference among all time
points between day 1 and day 7 (all p < 0.05). In the VL muscle,
echogenicity progressively increased in all the patients, which was
not significant. Similarly, the PA was decreased in all the patients,
which was not significant between the groups (p > 0.05).

Results concerning muscular changes in the gastrocnemius
are reported in Table 3. Muscle thickness and CSA decreased in
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the gastrocnemius muscle significantly in the SF group (MT =
19.58%, CSA = 16.64%) than the HPF group (MT = 12.49%, CSA =
9.97%) at day 7 [MT(p = <0.026), CSA (p = 0.046)]. At all-time points,
these changes were observed (p = <0.05). Echogenicity and the
observed changes in the PA of the gastrocnemius muscle did not
reach statistical significance between the HPF and SF groups at all
time points of the study. There was no changes in the qualitative
parameters in all the patients, in both the muscles during first 7
days of ICU stay.

We had 15 patients in each of the HPF and SF groups. There
was no significant correlation of NUTRIC score, P/F ratio, and SOFA
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Figs 3A to D: Quantitative muscle changes in VL and gastrocnemius muscle
Table 3: Muscle wasting in MGon days 1, 3, 5,and 7
HPF SF p-value
Gastrocnemius Mean % change from Mean % change from % change between
(GS) Mean + SD baseline + SD Mean + SD baseline + SD HPF vs SF HPF vs SF
GS-MT-1 1.8+0.2 - 1.8+0.19 - 0.790 -
GS-MT3 1.75+0.17 3.99 +2.94 1.64 +0.21 9.04 +5.68 0.140 0.001
GS-MT-5 1.67 +£0.17 8.41 +3.40 1.51+0.17 15.66 + 6.72 0.021 0.001
GS-MT-7 1.59+0.17 1249 +3.10 145+ 0.17 19.58 +6.58 0.026 0.001
GS-CSA-1 3.69 +0.32 - 3.62 + 047 - 0.648 -
GS-CSA-3 3.55+0.28 3.58 +£2.40 3.38+0.46 6.56 +2.28 0.237 <0.001
GS-CSA-5 3.42+0.25 6.94 + 3.48 3.15+ 046 13.15 £ 3.65 0.051 <0.001
GS-CSA-7 331+0.26 9.97 +3.91 3.02+047 16.64 +4.71 0.046 <0.001
GS-ECH-1 40.66 + 6.94 - 41.17 +6.13 - 0.833 -
GS-ECH-3 46.17 +3.07 14.42 +7.85 47.64 +5.33 16.47 +7.58 0.485 0.373
GS-ECH-5 51.02 + 6.56 26.60 +9.73 52.7 +5.38 29.04 +9.55 0.451 0.494
GS-ECH-7 5538 +6.75 37.73 +£13.59 57.47 +6.02 40.74 +11.09 0.376 0.395
GS-PA-1 2253 +243 - 2254 +25 - 0.993 -
GS-PA-3 20.17 +2.53 10.54 +4.97 20.16 + 2.44 10.53 +3.77 0.995 0.885
GS-PA-5 18.14 +2.62 19.34 +9.03 18.19 +1.91 19.12 +4.81 0.954 0.633
GS-PA-7 16.71 + 2.55 25.57 £ 10.11 16.31 + 1.86 27.55 +4.15 0.623 0.330
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Table 4: Correlation of NUTRIC, PaO,/FiO, ratio, SOFA score with muscle wasting

Variables HPF NUTIRIC P/Fratio  SOFA-1 SF NUTIRIC P/F ratio SOFA-1
VL MT-7 Correlation coefficient 0.181 -0.116  -0.088 Correlation coefficient 0.208 0.123 0.127
p-value 0.518 0.679 0.753  p-value 0.456 0.660 0.650
N 15 15 15 N 15 15 15
VL CSA-7 Correlation coefficient 0.250 -0.288 0.231  Correlation coefficient 0.433 -0.369 0.289
p-value 0.367 0.296 0406 p-value 0.106 0.175 0.296
N 15 15 15 N 15 15 15
VLECHO-7  Correlation coefficient 0.400 0.104  -0.428 Correlation coefficient 0.060 -0.423 -0.249
p-value 0.138 0.712 0.111  p-value 0.830 0.115 0.389
N 15 15 15 N 15 15 15
VL PA-7 Correlation coefficient 0.076 -0.195 0.216  Correlation coefficient 0.446 0.143 0.208
p-value 0.785 0.484 0.437 p-value 0.094 0.609 0.456
N 15 15 15 N 15 15 15
GS MT-7 Correlation coefficient 0.378 0.514 0.171  Correlation coefficient 0.189 -0.429 0.249
p-value 0.163 0.051 0.540 p-value 0.498 0.110 0.370
N 15 15 15 N 15 15 15
GS CSA-7 Correlation coefficient -0.380 0.118  -0.427 Correlation coefficient 0.225 -0.306 0.123
p-value 0.162 0.674 0.111  p-value 0.419 0.265 0.661
N 15 15 15 N 15 15 15
GS ECH-7 Correlation coefficient -0.457 0374  -0.337 Correlation coefficient -0.557 0.212 0.455
p-value 0.08 0.168 0.218 p-value 0.030 0.446 0.088
N 15 15 15 N 15 15 15
GS PA-7 Correlation coefficient -0.057 0.188  -0.221  Correlation coefficient 0.169 0.339 -0.112
p-value 0.838 0.501 0.427 p-value 0.546 0.216 0.688
N 15 15 15 N 15 15 15
Table 5: Association of comorbidities and muscle wasting
HPF SF p-value
% change from baseline % change from baseline % change between
Variables Mean + SD Mean + SD Mean + SD Mean + SD HPF vs SF HPF vs SF
VL-MT-7 0.95 +0.09 17.21 +8.2 0.94 +0.21 22.65+13.0 0.972 0.406
VL-CSA-7 2.80+0.43 18.36 +6.3 259 +0.76 20.29+ 135 0.568 0.758
WECH-7 66.0 + 8.1 18.29 + 8.8 66.2 +7.0 33.7+129 0.970 0.036
VL-PA-7 114+18 3593 +9.0 129+ 3.2 30.19+53 0.319 0.205
GS-MT-7 1.64 +0.13 14.26 + 3.2 1.38+0.23 -2449+6.9 0.038 0.008
GS-CSA-7 3.22+0.19 847 +1.7 3.13+049 -14.72+25 0.685 <0.001
GS-ECH-7 56.68 + 8.0 3194+ 125 5797 +4.9 37.19+9.2 0.743 0.427
GS-PA-7 16.33 +2.2 -26.18+11.3 1599 + 2.0 -26.90 + 3.6 0.785 0.885

score on the first day, with change in muscle mass expressed
in percentage between two groups (Table 4). Six patients had
comorbidities in each of the HPF and SF groups. In the VL muscle,
the percentage change in echogenicity was significantly greater
in the SF group (33.2%) compared to the HPF group (18.29%)
(p < 0.05) (Table 5).

Eleven patients in the HPF and 10 patients in the SF groups had
septic shock during ICU admission. In patients with septic shock,
VL wasting was seen in both groups, but it was not statistically
significant (p > 0.05), whereas in gastrocnemius, muscle thickness
(HPF vs SF: 13.50 + 3.0 vs 22.84 + 7.2, p = 0.001) and CSA (HPF vs SF:
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10.86 + 4.6 vs 16.43 + 5.5, p = 0.021) percentage changes were
higher in SF group and were statistically significant (Table 6).

Discussion

This study employed USG to assess the impact of high-dose protein
administration on both quantitative and qualitative alterations
in skeletal muscles of mechanically ventilated patients during
the initial 7 days of their ICU stay. Quantitative muscle changes
were evaluated through serial measurements of muscle thickness
and CSA in the VL and gastrocnemius muscles. Notably, the
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Table 6: Association of septic shock and muscle wasting

HPF SF p-value
% Change from baseline % change from baseline % change between
Variables Mean + SD Mean + SD Mean + SD Mean + SD HPF vs SF HPF vs SF
VL-MT-7 1.02+0.14 18.56 + 8.4 1.02 +0.19 1732+ 8.0 0.971 0.733
VL-CSA-7 297 +0.35 1749 + 6.4 2.72 +0.56 2171 +125 0.228 0.349
VL-ECH-7 68.2+11.3 36.01 + 264 684+ 11.2 36.11 + 145 0.965 0.992
VL-PA-7 133+27 3441 +125 13.5+28 33.22+6.6 0.885 0.785
GS-MT-7 1.58 +0.19 13.50 + 3.0 1.37 +0.20 2284 +7.2 0.026 0.001
GS-CSA-7 3.30+0.21 10.86 + 4.6 3.02 +£00.52 1643 +5.5 0.118 0.021
GS-ECH-7 54.95 +6.3 3941 +133 57.78 + 6.8 4247 +12.2 0.338 0.588
GS-PA-7 16.05 + 2.4 27.89 +10.0 16.64 + 2.1 26.09 +3.8 0.547 0.586

percentage decrease in both muscle thickness and CSA in the VL
and gastrocnemius muscles was significantly less pronounced in
the HPF group compared to the SF group at days 3, 5, and 7 post-
ICU admission (p < 0.05).

In ICU patients, most of the changes are estimated by
ultrasound were recorded during first day of stay.>'® Only a few
studies have investigated the effect of protein on muscle wasting.
Muscle wasting correlates with physical functional defect and poor
survival.*'® Ultrasound is a new promising method to identify loss
of muscle and has good intra- and inter-observer reliability.2%?'
Several factors leads to loss of muscle like inflammation, immobility,
nutrition, and infection.? Finally, some studies suggest that also
high-dose protein supplement favor muscle protein anabolic
effect.?

A prospective trial demonstrated that high-dose amino acids
showed improved handgrip strength and increased forearm
muscle thickness, as measured by ultrasound.?* Patients who
achieved protein and energy targets experienced a decrease in
mortality.?> Another retrospective study involving 23 trauma and
septic patients showed that the decrease in protein content was
significantly greater in the low-dose protein group than high-
dose protein group.?® These studies showed that optimal protein
supplementation decreases the mortality and increases the muscle
protein storage. Although we did not measure total protein content,
muscle wasting was significantly lower in the high-protein group
than the SF patients in the first 7 days of ICU stay.

The existing body of literature includes a limited number of
investigations, specifically, two studies, that have examined the
impact of high-protein nutritional interventions on skeletal muscle
in critically ill patients. In the EAT-ICU trial, enteral feeds were given
by using indirect calorimetry and it did not increase the muscle
function, as measured by the physical component score (PCS).
The muscle functions were measured 6 months after randomized
by PCS [which is a sub-score of SF-36 (36-Item Short Form Health
Survey questionnaire)].” As most muscle changes occur within
the first week of critical illness, as described by Puthucheary et al.,
measuring muscle functions after 6 months will be confounded by
multiple factors other than early nutrition (post-recovery nutrition,
the incidence of secondary infections, the cumulative nutritional
provision over the initial 7 days, relevant laboratory parameters,
and the total duration of ICU stay).? Here, we used ultrasound to
find muscle wasting, which detects earlier than the outcome score
used in the study. The whey protein used in our study may have a
favorable impact on the muscles as it contains more leucine (17%)
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compared to standard protein (10%).28 Leucine is vital for muscle
building as the rate of generation of protein is proportional to the
leucine content of the meal.? In previous work in trauma, patients
received either SF or HPF. The study results showed thickness
and CSA were decreased in all the patients; however, it was not
statistically significant. The present study’s design and statistical
power were not sufficient to definitively confirm or refute this
particular hypothesis.?’ The different patient groups, different
muscle groups, and whey protein in the HPF group are significant
differences from the previous study. Many patients were in sepsis, in
whom the catabolic state and protein homeostasis may be different
from that of trauma patients.'

Muscle echogenicity can be measured by grayscale analysis
with open-source software such as ImageJ (version 1.47, National
Institutes of Health, USA). Changes in echogenicity may be due to
sarcolemmal edema, fat replacement, and intramuscular fibrosis.>°
These latter findings indicate muscle fiber necrosis and may
correlate with impaired muscle function.3' Loss of echogenicity
was associated with poor outcomes like fewer ICU-free days and
decreased survival.”” A recent prospective observational study
found that echogenicity increased progressively from day 5 and
showed no changes in muscle echogenicity between high and
low protein groups in trauma patients.?’ Also, muscle biopsy
results indicated that significant muscle necrosis begins after day
7.2 In our study, we followed only the first week. The previous two
studies showed echogenicity, and muscle necrosis was increased
significantly day 5 of ICU. Our research has similar results in terms of
change in echogenicity with high vs standard protein-based feed.
Ultrasound examinations were done only for the first week of ICU
admission, as most changes occur during this period.> A longer
follow-up may be helpful in specific ICU populations to find out
any significant change in echogenicity. Other than nutrition, muscle
edema and inflammation may also affect echogenicity.

Muscle architecture encompasses various structural
characteristics, including the PA, which represents the angle at
which muscle fibers insert into the aponeurosis. This angle also
provides information about muscle strength. The increased angle of
pennation indicates densely packed myofibrils, which in turn results
in greater force of contraction.!” As per our knowledge, no study
validated the impact of whey protein nutrition on muscle PAin ICU
patients. In this study, a decrease in the PA was observed in both
the Standard Formula and High-protein Formula groups during the
initial 7 days of ICU admission; however, this change did not reach
statistical significance when comparing the two groups. Further
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comprehensive research is warranted to elucidate the potential
relationship between PA dynamics and protein supplementation
strategies in critically ill patients.

Consistent with existing literature, all patients in our cohort
exhibited evidence of muscle wasting, as quantified by reductions
in muscle thickness and CSA. Clinically, muscle weakness in critically
ill patients is frequently symmetric and predominantly affects the
proximal musculature of the limbs.>?

However, muscle wasting predominantly occurred in the lower
limb muscles compared to upper limb muscles, which could be
explained by disuse atrophy of the leg muscles.>* Muscle loss is
predominantly seen in the rectus femoris compared to the anterior
tibialis in trauma patients.?®

Prior studies have indicated that the magnitude of muscle
loss during critical illness may be more pronounced in the
gastrocnemius muscle compared to the VL.>* Our findings align
with these observations. This differential susceptibility to atrophy
may be attributed to the lower limbs being more prone to disuse
in the context of critical iliness. More extensive trials are required
to analyze quantitative and qualitative muscle changes between
different lower limb muscles.

The NUTRIC score identifies patients at risk of malnutrition
during critical illness, but the need of diet and weight loss history
in this subset of patients is difficult to obtain because most of them
are mechanically ventilated.>* At the time of enrollment in our study,
all participants were characterized as having adequate nutritional
status (mean NUTRIC = 2.1). No other trials have evaluated the
relationship between the NUTRIC score and muscle wasting, and in
this study, it was found that there was no significant correlation in
both the groups. The PaO,/FiO, ratio usually measures the severity
of ARDS. Survivors of ARDS patients had considerable muscle
weakness, and it negatively impacted their survival.>® To the best
of our knowledge, this study represents the initial investigation to
analyze the correlation between the PaO,/FiO, ratio and muscle
wasting on day 7 in both ARDS and non-ARDS patients, revealing
no statistically significant association. The SOFA score provides
a numerical quantification of the degree of organ dysfunction.
Prior research has indicated a direct association between muscle
weakness and the severity of organ dysfunction, identifying it as
an independent predictor during the first week in ICU patients.>
However, our analysis did not demonstrate a significant correlation
between the baseline SOFA score and the extent of muscle wasting
observed in our cohort.

Trauma, COPD, cancer, and neuromuscular disorders are causing
significant muscle loss. Quadriceps weakness is seen significantly in
COPD patients even in younger age-group, and quadriceps muscle
force value decreased with disease severity. As per our knowledge,
no study measured the impact of comorbidities on muscle loss
in ICU patients other than COPD.*” In our study, only 12 patients
had comorbidities, none with COPD. In sepsis, patients had higher
catabolic activity in both respiratory and lower limb muscles of
ICU patients, especially in weight-bearing lower limb muscles.®
Our findings indicate that the gastrocnemius muscle in the Standard
Formula group exhibited a significantly greater degree of muscle
thickness and CSA wasting compared to the High-Protein Formula
group among patients with comorbidities and septic shock. In
contrast, these significant differences were not observed in the VL
muscle. The precise pathophysiological mechanisms underlying the
differential rates of muscle loss in distinct muscle groups remain to
be fully elucidated. More extensive studies are needed to validate
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various comorbidities and septic shock on muscle wasting in ICU
patients.

Firstly, to the best of our knowledge, this study represents
the first randomized controlled trial specifically designed to
compare the effects of high-dose versus standard-dose protein
administration on muscle characteristics in critically ill ICU patients.
Secondly, this investigation is novel in its prospective evaluation
of the impact of nutritional intervention on quantitative (muscle
thickness, CSA), qualitative (echogenicity), and architectural (PA)
changes in the skeletal muscles of ICU patients utilizing ultrasound
imaging. Both groups were well-matched at baseline, with adequate
blinding of personnel associated with the trial and the treating
team. Follow-up was completed for all patients.

There were certain limitations, such as the small sample size,
comparatively less severely ill patients (patients with minimal
vasopressor), were included. Further, the impact of inflammatory
markers was not noted, which may have some role in muscle
wasting. Muscle biopsies could have been better for correlating
the qualitative changes found in ultrasound. However, it was not
done due to ethical concerns. Although ultrasound is a point-
of-care investigation in the ICU and has many advantages in
evaluating muscle loss, it has certain limitations when used for
musculoskeletal examinations. The measurements are operator-
dependent and may have inter- or intra-observer variability. In
our study, an average of three readings was considered to avoid
any intra-observer variability. Muscle edema has some effect on
the muscle thickness and echogenicity measured by ultrasound.
An equibalance between intake and output was maintained in our
study. However, the impact of muscular edema on echogenicity
cannot be ruled out. Another limitation of ultrasound is that there
is no standardization of the techniques for different muscles. We
followed the technique as described in previous studies, but the
limb dominance was not considered.

CoNcLUSION

In intubated ICU patients, high-protein normocaloric (1.5 kg/kg/
day of protein and 25 kcal/kg/day calories) nutrition decreases
muscle loss in lower limb weight-bearing muscles during the first
week of ICU stay. However, the differences in qualitative muscle
parameters, like muscle echogenicity and PA, were not significant.
Standardization of muscle ultrasound protocols for evaluating
muscle loss in ICU patients will help in better quantification of data.
A study with alarger number of patients, involving different muscle
groups, may provide further information regarding adequate
protein supplementation in critically ill mechanically ventilated
patients.
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