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Abstract

Research Article

IntroductIon

Muscle weakness, usually generalized in intensive care 
units (ICUs) which cannot be attributed to any cause 
other than critical illness is termed ICU associated 
weakness (ICUAW) and is associated with long‑term 
consequences from the medical and socioeconomic point 
of view.[1,2]

Hospital malnutrition is associated with increased morbidity 
and mortality, particularly among patients admitted to 
ICUs. Increased calorie deficits are common in the ICU. 
Consuming <75% of daily calorie requirements in the hospital 
setting is linked to poor outcomes.[3]

Muscular atrophy is the universal feature in patients 
with ICUAW, and it can start in early stages of critical 
illness (within hours of onset of the disease). Its development 

has been related to the acute inflammatory process 
and immobilization. Factors such as age, medications, 
comorbidities, muscular function before critical illness, 
nutrition, nervous, and muscular damage can contribute 
to the extent of damage and the muscular and functional 
recovery capacity.[4]

Few studies have shown that increase in protein intake in the 
early phase of critical illness will probably accelerate muscle 
loss during the 1st week.[5,6] The underlying mechanism for this 
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is enhanced autophagy which occurs by nutrition restriction 
for a duration of 1 week.[6]

Muscle wasting in critically ill patients is associated with worse 
short‑ and long‑term outcomes. Loss of mass and function of 
skeletal muscles start early in the first 24 h after admission to 
ICU and may persist for years. Loss of muscle mass is a major 
cause of ICU‑acquired muscle weakness and is associated with 
delayed weaning, prolonged ICU and hospital stay and is an 
independent predictor of 1‑year mortality.[7‑9]

Skeletal muscle wasting in the critically ill patients is often 
misjudged by fluid retention. In such circumstances, the normal 
anthropometric methods of assessing changes in body mass and 
composition are not applicable, as all these techniques assume 
a normal state of hydration. Air displacement plethysmography 
technology, dual‑energy X‑ray absorptiometry, and bioelectric 
impedance are used to measure body composition. Muscle 
wasting in patients in the ICU is a recent field of interest and 
is to be explored.[10,11]

Muscles of the lower limb are more prone to early atrophy as 
they are weight bearing compared to the muscles of the upper 
limb as shown in a previous study. They showed that the size 
of the flexor compartment of the elbow did not show any 
change in the first 10 days of admission whereas the size of 
the anterior compartment muscles showed a greater decrease 
of thickness within the first 5 days. Thus, these muscles make 
a good choice for muscle mass assessment. Rectus femoris 
and vastus intermedius occupy most of the anterior thigh 
compartment. Hence, we measured the thickness of these 
muscles. This study also showed similar results.[12,13]

Measurement of fat thickness is used to assess malnutrition and 
fat content has been used to assess BMI along with nutritional 
status of an individual. Inflammation increases the breakdown 
of muscle and fat leading to its loss. No author has previously 
used ultrasound measurements for both fat and muscle. 
Previous studies have been focused primarily on muscle loss; 
we wanted to investigate whether fat loss also occurs in critical 
illness with muscle wasting.

New research has concluded that ultrasound measurements 
of the quadriceps muscle appear to be as accurate as those 
of computerized tomography and dual‑energy X‑ray 
absorptiometry, which are the gold standards for the evaluation 
of muscle mass.[14,15]

Point‑of‑care ultrasound is rapid, accurate, repeatable, 
nonexpensive, noninvasive, and without the risk of radiation. 
It can visualize a large muscle area and deeper located muscles.

It can be used in both stable and unstable patients. Performing 
repeated ultrasound examinations in critical patients is essential 
and improves the overall sensitivity of the examination. This 
has become a standard of care in critical care.

B‑mode ultrasonographic evaluation of skeletal muscles 
(in particular, rectus femoris) is an emerging and reliable tool 
to assess muscle changes over time.[16]

We use point‑of‑care ultrasound in our ICU regularly, and this 
study was designed to evaluate muscle and fat thickness as 
an indicator of nutritional assessment in critically ill patients. 
Therefore, this study was designed to evaluate if subcutaneous 
fat also reduces along with muscle thickness and if it can 
be reliably used as an indicator of nutritional assessment in 
critically ill patients using point‑of‑care ultrasound.

The purpose of the present study was as follows:
i. To measure muscle wasting and fat loss in patients in the 

ICU over a period of 7 days
ii. To determine whether a correlation could be identified 

between loss of muscle and loss of fat
iii. To verify whether ultrasound measurements are a valid 

and practical measurement tool to document muscle mass 
and fat thickness as a routine in ICU patients.

MaterIals and Methods

Study design
We performed an observational clinical study at our institution, 
in patients admitted in our multidisciplinary ICU including 
patients of age 18–90 years and anticipated ICU stay time 
of more than 7 days. The study excluded pregnant patients, 
patients with amputated lower‑limb, primary neuromuscular 
pathology, disseminated cancer, muscular dystrophies, 
long‑term critically ill patients shifted from other hospitals.

On day 1 of ICU admission, in supine position, using a 
permanent marker pen, a straight line was drawn from 
the anterior inferior iliac spine to the superior border of 
patella in the right leg and the midpoint was marked. The 
measurement is made at the same point every time. Using 
a portable ultrasound set (M‑turbo Sonosite®) with a high 
frequency linear transducer (5–10 MHz), the transducer was 
placed perpendicular to the long axis of the muscle (i.e., 
perpendicular to the major axis of the limb) and the 
transverse view of the anterior thigh was obtained with no 
pressure on the skin by the same observer. The following 
measurements were made [Figure1] from B‑mode: total 

Figure 1: (A) Rectus femoris thickness; (B) skin to bone thickness and 
(C) bone to muscle thickness
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anterior thigh thickness (measured in centimeters from the 
skin to the anterior border of the femur), thickness of the 
rectus femoris muscle (measured in centimeters from the 
internal borders of the rectus femoris muscle to the external 
border of the same), the combined thickness of vastus 
intermedius, rectus femoris, and the fat thickness calculated 
by the difference between skin to bone and bone to muscle. 
At the same mid‑point, similar measurements were made 
on day 3 and day 7.

Statistical analysis
The Statistical software SPSS 18.0 (IBM corporation), and 
R environment version. 3.2.2 (R Development Core Team)
were used for the analysis of the data and Microsoft Word and 
Excel have been used to generate graphs, tables, etc.

Descriptive and inferential statistical analysis has been 
carried out in the present study. Results on continuous 
measurements are presented on mean ± standard 
deviation (minimum‑maximum), and results on categorical 

Figure 2: Age in years

Table 1: Demographic data

Number Percentage 
Age 18 to 60 years 64 64%
Age >60 years 36 36%
Medical 67 67%
Surgical 33 33%
Males 51 51%
Females 49 49%

Table 2: Mechanically ventilated patients 

Mechanical ventilation Number Percentage 
Yes 21 21%
No 79 79%

Table 3: Comparison of the variables on day 1, 3 and 7

variables Day 1 Day 3 Day 7 difference from Day1 P value from Day1

Day 3 Day 7 Day 3 Day 7
Rectus femoris 1.37±0.41 1.26±0.41 1.22±0.47 0.108 0.149 <0.001** <0.001**
Bone to muscle 2.50±0.79 2.32±0.77 2.26±0.81 0.182 0.241 <0.001** <0.001**
Skin to bone 3.62±1.13 3.45±1.07 3.42±1.15 0.172 0.200 <0.001** <0.001**
Fat thickness 1.12±0.75 1.13±0.73 1.16±0.66 ‑0.009 ‑0.041 0.760 0.363

Table 4: P value and r value in variables on day 1, 3 and 7

Pair Day 1 Day 3 Day 7

r P r P r P
Rectus femoris vs Bone to muscle 0.754 <0.001** 0.787 <0.001** 0.836 <0.001**
Rectus femoris vs Skin to bone 0.707 <0.001** 0.672 <0.001** 0.739 <0.001**
Rectus femoris vs Fat thickness 0.271 0.006** 0.153 0.129 0.257 0.010**
Bone to muscle vs Skin to bone 0.750 <0.001** 0.736 <0.001** 0.829 <0.001**
Bone to muscle vs Fat thickness 0.075 0.456 0.021 0.833 0.212 0.034*
Skin to bone vs Fat thickness 0.716 <0.001** 0.692 <0.001** 0.722 <0.001**

measurements are presented in numbers (%). The significance 
is assessed at 5% level of significance. The following 
assumptions on data are made, assumptions: (1) Dependent 
variables should be normally distributed, (2) samples drawn 
from the population should be random, cases of the samples 
should be independent.

Student t‑test (two‑tailed, independent) has been used to 
find the significance of study parameters on continuous 
scale between two groups (Intergroup analysis) on metric 
parameters. Leven’s test for homogeneity of variance has 
been performed to assess the homogeneity of variance. 
Student’s t‑test (two‑tailed, dependent) has been used to 
find the significance of study parameters on continuous scale 
within each group.

Chi‑square/Fisher’s exact test has been used to find the 
significance of study parameters on categorical scale between 
two or more groups, Nonparametric setting for Qualitative 
data analysis. Fisher’s exact test used when cell samples are 
very small.
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Figure 4: Distribution of males and females

Figure 6: The comparison of the variables on day 1 in medical and 
surgical patients

Figure 8: The comparison of the variables on day 7 in medical and 
surgical patients

Figure 5: Mechanically ventilated patients

Figure 3: Distribution of medical and surgical cases

Figure 7: The comparison of the variables on day 3 in medical and 
surgical patients

Pearson correlation between study variables is performed to 
find the degree of relationship, Pearson correlation coefficient 
ranging between −1 and 1, −1 being the perfect negative 
correlation, 0 is the no correlation, and 1 means perfect positive 
correlation

Significant figures
+ ‑ Suggestive significance (P: 0.05 < P < 0.10)
* ‑ Moderately significant (P: 0.01 < P ≤ 0.05)
** ‑ Strongly significant (P: P ≤ 0.01).[17‑20]

results

Of the 100 patients in our study, in our selected time frame, 
51% were male and 49% were female. Since our study was in 
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Figure 9: Comparision of individual variables on day 1, 3 and 7

Figure 10: Scatterplot showing comparison of variables with each other on day 1

a multidisciplinary ICU, 67% were medical patients and 33% 
were surgical patients. Of these 29 patients were mechanically 
ventilated [Tables 1, 2 and Figures 2‑5].

Amongst medical and surgical patients, there was no difference 
in any of the parameters namely rectus femoris, skin to bone, 
skin to muscle, and fat thickness [Table 3].
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We assessed the study variables on day 1, 3, and 7 and tried to 
determine if there were any significant changes between day 
1 and day 3; day 3 and day 7 among these study variables. 
We found on day 3 that the rectus femoris thickness was 
1.26 ± 0.41 as compared to 1.37 ± 0.41 on day 1 (P < 0.001) 
[Table 3 and Figures 6‑9].

On day 7, thickness was 1.22 ± 0.47. This difference was highly 
significant (P < 0.001). The bone to muscle measurement 
which reflects the total muscle thickness (rectus femoris and 
vastus intermedius) showed a similar reduction.

The skin to bone thickness (total muscle and fat thickness) 
showed a statistically significant reduction (P < 0.001).

The fat thickness which is the difference between skin to bone 
and bone to muscle thickness showed a slight increase which 
was statistically not significant. We attribute this to two factors. 
One was that multifactorial subcutaneous edema in critically 
ill patients leads to inaccurate measurements of fat. Since 
muscle layer is not affected by edema, the reduction could 
be consistently measured and quantified. The second factor 
being direct measurement of fat layer is not possible accurately 

Figure 11: Scatterplot showing comparison of variables with each other on day 3

Figure 12: Scatterplot showing comparison of variables with each other on day 7
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with point‑of‑care ultrasound. To quantify fat accurately, other 
techniques need to be used.

We tried to obtain Pearson’s correlation among the study variables. 
We found a strong correlation between rectus femoris and bone to 
muscle (which means all muscles are equally affected). We also 
found a strong correlation between bone to muscle that is total 
muscle mass and skin to bone thickness, which leads us to conclude 
that there is considerable fat loss. Another strong correlation found 
was between skin to bone and fat thickness (a calculated value). 
Refer scatter diagrams [Table 4 and Figures 10‑12].

dIscussIon

In this study, we used ultrasonography for the evaluation of 
quantitative changes of skeletal muscles in all patients admitted in 
our multidisciplinary ICU. This study was designed to evaluate if 
along with the muscle thickness, subcutaneous fat also underwent 
reduction and if it can be used as an indicator of nutritional 
assessment in critically ill patients using point of care ultrasound.

Ultrasound has been used to rate the loss of skeletal muscles 
in patients with orthopedic trauma, chronic obstructive 
pulmonary disease, cancer, and neuromuscular disorders.[21‑23]

Several factors are linked to muscle wasting over the course 
of the critical illness in both the acute and chronic phase: 
inflammation, neuroendocrine stress response, immobilization, 
impaired microcirculation and denervation, infections, 
nutritional deficiency, hyperglycemia, and drugs.[1]

The advantage of ultrasound measurement is that it is less 
expensive, less time‑consuming, safer and has no radiation 
exposure. Several studies have shown a good intrarater and 
interrater reliability for ultrasound measurement of muscle 
thickness in adult critically ill patients. However, to avoid 
interrater variability, all ultrasound measurements were done 
by a single person.[5,14]

Quantitative changes of skeletal muscles
Many anatomical landmarks have been used for identification of 
the point for the assessment of quantitative changes of skeletal 
muscles. We used the anterior inferior iliac spine and not the 
anterior superior iliac spine because the line joining the anterior 
inferior iliac spine to the superior border of patella fell in the 
midline, which corresponded to the thickest part of the muscle 
using the insertion points of rectus femoris as reference. This 
easily gives us access to the rectus femoris and vastus intermedius.

It has been shown that a reduction in rectus femoris 
cross‑sectional area was associated with organ failure. Patients 
with single‑organ failure showed limited wasting whereas 
those with failure of four organs showed muscle loss of more 
than 15% by the end of 1 week in a previous study.[5]

A study conducted by Annetta et al. showed that muscle 
wasting during critical illness could be severe and in excess 
of what is expected solely with inactivity or systemic illness. 
Immobilization and inflammation rather than inadequate 
nutritional support, might be major determinants of loss of 

muscle. Inactivity is a potent stimulus to muscle protein 
breakdown. It occurs early and rapidly during the 1st week 
of critical illness and is more profound among those with 
multiorgan failure. Increased muscle proteolysis relative to 
protein synthesis is causative for the development of muscle 
atrophy. Our study also showed similarity.[16]

A study conducted by Puthucheary et al. showed that 17.7% 
reduction in rectus femoris cross‑sectional area was shown in 
a group of mixed ICU patients from day 1 to day 10, with the 
major loss occurring during the first 7 days. In our study, we 
found similar results.[5]

Fat thickness
During times of illness, there is loss of subcutaneous fat within 
24 h due to exhaustion of source of glucose. This stimulates 
gluconeogenesis. During this process, there is decreased insulin 
secretion which leads to relative increase in glucagon. This 
signals the adipocytes to break down into free fatty acids and 
then ketones. The breakdown of fat as a primary energy source 
results in ketones to supplying the majority of energy while 
maximizing muscle preservation. However, the stress response is 
also characterized by negative nitrogen balance and a more rapid 
rate of muscle wasting because of accelerated catabolism.[12]

Various investigators, such as Annetta et al., Puthucheary et al., 
and Guerreiro et al., have used point‑of‑care ultrasound for 
muscle wasting to determine the nutritional status of critically 
ill patients like us. We wanted to extend the measurements to 
fat thickness also.[24]

We hope our study will help investigators minimize the 
ICUAW, thereby decreasing comorbities, length of stay thus 
improving patient care and reducing morbidity.

conclusIons

Our study demonstrates the potential utility of ultrasound for 
early detection and probable corrective measures to prevent 
ICUAW and thus hasten weaning and decrease the ICU length 
of stay.

The rectus femoris thickness, skin to bone, and bone to muscle 
thickness show statistically significant difference on day 3, day 
7 compared to day 1.

Since fat layer did not decrease as much as the muscle layer, 
we infer that the cause is unlikely due to under‑nutrition.

Hence, we recommend ultrasonography measurement given 
its bedside applicability, but it is imperative to follow a 
standardized protocol to reduce variations.

Limitations
• The fat thickness was a calculated value
• We did not consider confounding factors such as old 

age, comorbidities, malignancy and long‑term use of 
medications

• The first day of ICU admission does not necessarily reflect 
the first day of critical illness.
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Future scope
• Imaging modalities have become a new area of research 

for the nutrition support field, for the impact of nutritional 
approaches in the critical care setting

• Sequential assessment of quantitative and qualitative 
changes of muscle mass may help identify critically ill 
patients with high risk of muscle dysfunction.
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