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The general aim of this thesis is to identify critically ill patients with a high mortality risk 
due to low muscle mass and -quality and to determine the association between energy 
and protein intake and clinical outcomes in these patients. In the current chapter we 
will discuss the main findings of our studies, address methodological issues, and discuss 
implications for current practice and future research.

Discussion of main findings
Measuring muscle mass in the ICU 
Low muscle mass is associated with poor outcomes in many different patient 
populations, among which the critically ill [1]. However, measuring muscle mass in 
the ICU is challenging. Since gold-standard methods are not feasible in the ICU and 
equations are not accurate, CT-scans, BIA, and ultrasound are emerging as tools to 
assess muscle mass [2]. The advantages and limitations of these methods are discussed 
in chapter two. This knowledge is essential to accurately interpret study results 
and determine which method is most suitable in a given situation. CT-scans provide 
clinicians with information about the amount- and quality of muscle through muscle 
cross-sectional skeletal muscle area (SMA) and skeletal muscle density (SMD). Analysis 
of a single slice image is easy and fast, and correlated to whole body muscle mass in 
cadaver validation [3]. However, due to radiation exposure, costs, time, and the risk 
associated with transporting ICU patients, using CT-scans solely for determining body 
composition or for follow-up is not feasible. BIA on the other hand is an easy, fast, and 
cheap tool for bedside measurements of body composition. However, equations used to 
calculate muscle mass need reliable body weight measurements and assume normal 
hydration status, conditions which are often not met in the ICU. Raw BIA measurements 
are independent of these assumptions and specifically phase angle has been associated 
with outcome in critically ill patients [4, 5]. Finally, ultrasound is an emerging modality 
to assess muscle mass and, like CT-scans, may provide qualitative information as well. 
Ultrasound is, like BIA, an easy, fast, and cheap measurement. However, concerns have 
been raised about inter-observer variability and standardized protocols are lacking up to 
now [6]. Concluding, opportunities to measure muscle mass and -quality in the ICU are 
emerging and may create opportunities to identify critically ill patients with low muscle 
mass and -quality. However, important pitfalls must be resolved before integration into 
daily clinical practice.
We hypothesized that patients admitted to the ICU with low muscle mass had a 
higher mortality, independent of BMI. Therefore, we retrospectively determined the 
association between SMA on CT-scans at ICU admission and hospital mortality in a 
general mixed medical-surgical ICU population (chapter three). We defined new ICU-
specific SMA cut-off points associated with hospital mortality: <110 cm2 for women and 
<170 cm2 for men. We found that as much as 63% of patients was admitted with low 
SMA. Hospital mortality was higher in patients with low SMA when compared to those 
with normal SMA (38.2% vs. 12.5%; p<0.001), and low SMA was associated with an odds 
ratio for hospital mortality of 4.3 (p<0.001), after correcting for severity of disease (acute 
physiological, age, and chronic health evaluation (APACHE) II score) and sex. BMI was 
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not associated with outcome when SMA was accounted for, underlining the limitations 
of BMI as a risk factor for mortality and the need for more accurate tools to assess body 
composition. Our results confirm results from a study by Moisey et al. in a larger and 
more heterogeneous ICU population. In their study 71% of elderly trauma patients was 
admitted with low muscle mass and low muscle mass, but not BMI, was associated with 
higher mortality. More recently, our findings were confirmed in critically ill oncological 
patients, where patients with a low skeletal muscle index had lower 30-day survival [7]. 
In this study also no association between BMI and mortality was found. These findings 
stress the need for accurate tools to identify patients with low muscle mass and the 
associated higher mortality risk (figure 1).
Expanding upon the cohort from the previous chapter, we investigated the association 
between SMD and intermuscular adipose tissue (IMAT), and 6-month mortality 
(chapter four). SMD and IMAT are CT-derived markers of fatty infiltration of muscle 
or myosteatosis [8]. Increased myosteatosis is associated with lower muscle quality, or 
lower muscle strength per unit of muscle mass [9]. Since no normal values or cut-off 
points existed at the time, we used median SMD and IMAT as cut-off value for low vs. 
normal SMD and IMAT. We found that patients admitted with low SMD or high IMAT 
(i.e. more myosteatosis) had a higher 6-month mortality than patients with normal SMD 
or low IMAT. Additionally, we found that a 10 HU increase in SMD was associated with 
a hazard ratio for 6-month mortality of 0.774 (p=0.006), after correction for severity of 
disease (APACHE II score), BMI, and SMA. Finally, lower SMD was associated with a 
longer hospital length of stay. These associations were not apparent for IMAT, except in 
a subgroup of patients, suggesting that SMD is a stronger determinant for poor outcome 
than IMAT. Although similar results have been found in oncological populations [10, 11], 
our results have yet to be confirmed in critically ill patients. SMD was not associated 
with outcome in a small study in 25 critically ill patients, possibly owing to the small 
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Figure 1. Abdominal CT-scans of two patients with identical height, weight, and BMI. Although 

therefore not detectable with traditional measurements, the patient on the right clearly has a 

higher skeletal muscle area (delineated area)
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sample size [12]. Interestingly however, this study did find a decrease in SMD during ICU 
admission and an association between SMD decrease and nosocomial infections.
Myosteatosis may be the result of inactivity [9, 13]. Metabolic changes associated with 
inactivity cause a decrease in the muscle’s ability to oxidise lipids and a shift in fuel 
utilization from lipids to carbohydrates results in lipid accumulation in the muscles 
[14]. Inactivity is frequently seen in states of (chronic) illness and advancing age, both 
components of the APACHE II score. However, we found that the association between SMD 
and mortality was independent of APACHE II score. Myosteatosis causes upregulation 
of inflammatory cells, and the ensuing low-grade inflammatory environment, in which 
insulin-resistance is prone to develop, might contribute to worse prognosis in a way that 
is not captured in traditional risk-scoring systems. Whether the association between low 
SMD and higher mortality is direct or indirect, through these aforementioned or other 
mechanisms, remains unknown. Nevertheless, our studies support the knowledge that 
both muscle quantity and quality are important independent prognostic factors.
From chapters three and four we can conclude that measuring muscle mass and -quality 
on CT-scan at ICU admission may contribute to identification of ICU patients with a 
higher mortality risk. However, using CT-scans for routine measurement of muscle and 
for follow-up is not feasible. Therefore, we prospectively compared BIA to CT (chapter 
five). We found that BIA had a good discriminative capacity to identify patients with 
low SMA on CT, with an area under the curve of 0.919 for males and 0.912 for females. 
Absolute values of muscle mass as assessed with the two methods correlated, however, a 
proportional bias was apparent and agreement was poor. Both BIA and CT use equations 
to calculate muscle mass from raw measurements resistance, reactance, and phase 
angle (BIA); and from SMA (CT). Possible explanations for the poor agreement are that 
BIA and CT measure different muscle compartments, equations have not been validated 
in ICU patients, and BIA equations assume a reliable body weight and stable hydration 
status, conditions which are often not met in critically ill patients. Therefore, we also 
looked at raw measurements, which are not dependent on equations and assumptions. 
Of special interest is BIA-derived phase angle, which has previously been associated 
with outcome in critically ill patients [4, 5]. Interestingly, we found the highest correlation 
between phase angle and SMD. This finding strengthens the notion that phase angle is a 
useful marker of cellular health and integrity. 
Our findings are in line with results from a study in an Asian surgical ICU population by 
Kim et al., who found similar (dis)agreement between BIA-and CT-derived muscle mass 
[15]. Regrettably, the equation with which muscle mass was calculated was not reported. 
Additionally, we do not know whether these results are applicable to the Caucasian 
population. Our findings also agree with Kuchnia et al., who found that phase angle and 
impedance ratio were able to predict low SMA, however, only after adding these markers 
to a multivariable regression model [16]. Our study suggests that BIA-derived muscle 
mass and phase angle might be used as easy, bed-side tools to identify at-risk patients. 
However, absolute values of muscle mass may not be accurate and must be interpreted 
with caution.
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Nutrition in the ICU
Nutrition in the ICU remains a topic of much debate and especially the optimal amount of 
protein has not yet been determined. This discussion is complicated by conflicting study 
results. Observational studies on the association between protein intake and outcome 
found mainly positive associations [17-22] while these results are not confirmed in 
randomized controlled trials (RCTs) and neutral or negative results from [23-26], possibly 
due to concomitant energy overfeeding, insulin resistance, gastro-intestinal intolerance, 
occurrence of refeeding, or inhibition of autophagy [27]. We determined the association 
between protein intake on day 4 of ICU admission and hospital mortality as a post-hoc 
analysis of a prospectively collected data (chapter six). We found the lowest mortality 
in patients receiving >1.2 g/kg of protein/day, and an increase in protein intake was 
associated with an odds ratio for hospital mortality of 0.77 (p=0.008) after correction for 
severity of disease (APACHE II score), but only in patients who were not energy overfed 
(<110% of measured energy expenditure, EE) and not septic. Furthermore, we found the 
lowest mortality in patients with a 10-20% energy deficit and that energy overfeeding 
(>110% measured EE) was associated with a higher odds ratio of hospital mortality of 
1.89 (p=0.007) in the whole non-septic group. The use of a nutritional algorithm which 
determines the best nutritional formula and feeding rate from a range of formulae with 
different protein-to-energy ratios enabled us to independently study the effect of protein 
and energy [28]. Additionally, by using measured EE and not predictive equations, we 
could minimize the confounding effect of energy overfeeding by adjusting for energy 
intake. 
Our findings were confirmed in a large observational study using total protein intake by 
Zusman et al., who found lower 60-day mortality in patients receiving >70% of protein 
target and a similar U-shaped curve for energy, with the lowest mortality around 70-80% 
of EE [21]. A possible explanation why hypocaloric feeding seems to be beneficial in the 
early phase of critical illness is that full feeding introduces the risk of energy overfeeding. 
During critical illness, endogenous energy production is increased and may reach levels 
of up to 1200kcal/day, a process which cannot be supressed by feeding [29]. Combined 
with full feeding this may cause overfeeding, which may cause insulin resistance, gastro-
intestinal intolerance, suppress autophagy, and might increase the risk of refeeding 
syndrome. Whether early nutrition really suppresses autophagy in critically ill patients 
is a topic of much debate, and in a study by Tardif et al. levels of circulating amino acids 
could not explain the block of autophagy [30]. Refeeding syndrome is characterized by 
electrolyte disorders, including hypophosphatemia, as a result of intracellular movement 
of electrolytes after a period of fasting or during critical illness, and can lead to heart 
rhythm disorders, convulsions, and death. Caloric restriction improved outcome when 
compared to standard nutritional support in patients with refeeding hypophosphatemia 
in an RCT by Doig et al. [31]. Possibly, overfeeding might have played a role in the EAT-
ICU RCT, where no benefit was found when combining a high protein intake of >1.2 g/
kg/day with energy intake guided by measured EE [32]. Patients received 90% of EE 
as soon as the first day of admission, possibly obscuring any positive effect of high 
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protein nutrition. From our study we conclude that high protein intake by day 4 of ICU 
admission was associated with lower mortality, but not in the case of sepsis. In this 
smaller subgroup we did not find a benefit of protein nutrition. The association between 
energy overfeeding and higher mortality suggests that overfeeding should be avoided by 
setting lower energy targets, preferably using measured EE and nutritional algorithms 
with different protein-to-energy ratio enteral formulae. However, randomized studies 
are needed to evaluate this strategy.
Due to intolerance to enteral nutrition, delivery of enteral nutrition may be challenging 
in the early phase of critical illness. A high protein intake without energy overfeeding 
may be difficult to attain with traditional nutritional formulae which contain 40-63 g 
protein/1000 kcal. We evaluated the attainment of protein targets when using a new 
enteral nutrition formula with a high protein-to-energy ratio of 82 g protein/1000 kcal 
(chapter seven). In this prospective feasibility study we found that 19 out of 20 patients 
(95%) reached the protein target of >1.2 g/kg ideal body weight/day by ICU admission 
day 4, when targeting 90% of measured EE. This was significantly higher than 65% in 
matched historic controls (p=0.024) while energy intake was not significantly different 
(89% vs. 90%, p=0.922). While baseline concentrations were almost all below normal, 
concentrations of nearly all essential amino acids rose to within normal values on day 4. 
This suggests that the administered protein was absorbed. Gastro-intestinal tolerance 
was good, although two patients developed unexplained foul-smelling diarrhoea. 
The nutritional formula contained hydrolysed whey protein. This type of protein 
contains the highest concentration of the amino acid leucine, which is important in 
stimulating muscle protein synthesis [33, 34]. Additionally, using hydrolysed protein 
promotes absorption and gastric emptying [35, 36]. Because amino acid concentrations 
of historic controls were not known, we cannot say with certainty whether the rise in 
amino acids was related to the nutrition. However, in a study in patients in shock who 
received enteral formulae with 38-55 g predominantly casein protein/1000 kcal, no rise 
in leucine was detected [37]. Because we used an energy target to guide the amount of 
nutrition to be delivered, we were able to prevent energy overfeeding. However, protein 
intake of some patients was >2.0 g/kg/day. We currently do not know whether this high 
protein intake is safe, especially in patients with sepsis (chapter six), or in patients with 
renal- or liver failure [38, 39]. This nutritional formula may be especially suitable for use 
in the early phase of critical illness when low energy-high protein nutrition is the goal. 
Incorporation of such a formula into a nutritional algorithm to select the best suitable 
formula and guide when to switch to a formula with a lower protein-to-energy ratio 
seems the best solution [28].
An important insight in nutritional support is that ‘one size does not fit all’ [40]. Tailoring 
nutritional therapy to individual patient’s needs may be important. This individualized 
strategy is in line with conclusions from chapter six and other recent studies [38, 41]. We 
hypothesized that especially patients admitted with low SMA, or combined low SMA and 
low SMD on abdominal CT-scans might benefit from high protein intake. Therefore, we 
retrospectively investigated the association between average protein intake on days 2-4 
of ICU admission and 60-day and 6-month mortality in patients admitted with low SMA 
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and low SMD (chapter eight). Our previously found cut-offs (chapter three) were used to 
identify patients with low SMA and cut-offs from a population of healthy kidney donors 
were used to identify patients with low SMD [42]. In patients admitted with normal SMA 
we found no association between protein intake and mortality. In patients admitted with 
low SMA, however, a 0.1 g/kg/day increase in protein intake was associated with a hazard 
ratio for 60-day mortality of 0.82 and for 6-month mortality of 0.88. In the combined low 
SMA and low SMD subgroup , this association was confirmed, 0.76 for 60-day mortality 
and 0.80 for 6-month mortality. We found similar results when we dichotomised protein 
intake into two groups, <1.2 g/kg/day vs. >1.2 g/kg/day, although only a small number of 
patients had a protein intake of >1.2g/kg/day. In contrast to a high protein intake, higher 
energy intake was associated with higher mortality in the low SMA group and in the 
combined low SMA/low SMD group, but not in the normal SMA group.
Patients with combined low SMA and low SMD had the highest mortality, confirming 
our findings from chapters four and five in a larger cohort of patients. The strongest 
association between high protein intake and lower mortality was seen in this group. Low 
SMA is an indication of low muscle mass and therefore of low protein reserves. Providing 
more protein may help these patients to receive enough protein for gluconeogenesis, 
acute phase proteins, tissue repair, and possibly to attenuate muscle wasting [43]. In 
patients with combined low SMA and low SMD, where myosteatosis may contribute to 
anabolic resistance [44], high protein intakes may be needed to overcome this anabolic 
resistance. 

Methodological considerations
The studies presented in this thesis have various designs. Studies on muscle measurement 
and nutrition provide unique challenges in the ICU. Strengths and limitations of individual 
studies have been described in the respective chapters. Here we will present the most 
important methodological considerations relevant to the whole thesis.
The most important limitation to most studies in this thesis is their retrospective design, 
hindering any inferences about causality. Although we have statistically corrected for 
confounders (energy intake, APACHE II score), unknown residual confounding may have 
influenced the associations that we found. Nevertheless, patients with a high protein 
intake also had a high energy intake, and although we were able to independently study 
them due to our nutritional protocol with different protein-to-energy ratio formulae and 
found that high energy intake was associated with higher mortality, the effects of protein 
and energy (and other nutritional components) can never be fully separately analysed. 
Additionally, a low protein intake may be the consequence of more severe illness in 
these patients, causing gastro-intestinal dysfunction, high gastric residual volumes, and 
frequent stopping of reducing of feeding. Although we corrected our statistical analyses 
for APACHE II score, a measure of severity of illness, and performed a sensitivity analysis 
in chapter eight including only patients with adequate intake, higher severity of disease 
may have contributed to the higher mortality in patients with low protein intake. 
An important limitation of using CT-scans made for clinical purpose to measure muscle 
mass is that this introduces a selection bias of including only those patients in whom 
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Chapter 9

Figure 2. Nutritional protocol

Additional information:

Ad 1: Contra-indications for enteral feeding:
 Bowel ischemia
 Bowel perforation / anastomotic leakage
 Large, active intestinal bleeding
 Gastro-intestinal obstruction / 

mechanical ileus

Ad 2: Digestion and/or absorption of enteral 
feeding is impaired:
 Malabsorption/severe diarrhoea caused 

by impaired intestinal function (Short 
Bowel Syndrome,  post-radiation 
enteritis, infection)

 Severe pancreatitis
 Chyle leakage
 High-output enterocutaneous fistula
 Post-Whipple procedure

Ad 3: Nutricalculator 
Standardised nutritional advice (ETF of TPN) 
based on weight, length, age, and energy- and 
protein needs of the critically ill patient.
Goals: Protein 1.5 g/kg and Energy 90% by 
VCO2 or HB+15%. 
NB: Correct for energy from non-nutritional 
sources in ‘Expert modus’, if:
 ≥ 1 litre glucose 5% infusion per dag (≥ 

200 kcal/d)  
 ≥ 8 ml/h propofol®  (≥ 200 kcal/d)

Questions? Ask the dietician / nutritional 
support team!

Consult dietician

Mechanical 
ventilation?

Is enteral tube feeding 
contra-indicated? 

(see Ad 1)

Is elemental ETF 
indicatied?
(see Ad 2)

Start normal (polymeric) ETF and advance per protocol:

Day 1: 500 ml Low Energy-High Protein (e.g. 600 kcal, 50 g P)

Day 2: 750 ml Low Energy-High Protein  (e.g. 900 kcal, 75 g P)

Continue ETF at 
750 ml/d. 

Consult dietician.

> 500 ml/6 hours 
gastric residuals?

See protocol 
“gastric residuals” 

and start 
erythromycin

> 500 ml/6 hours 
gastric residuals?

Day 4: ETF according to Nutricalculator (see Ad 3) 
Goals: Energy 90% by VCO2 or HB+10%  and Protein 1.5 g/kg

> 500 ml/6 hours 
gastric residuals?

Oral intake on day 3-4 
≤ 60% of needs?

Feed early, advance slowly

Evaluation of nutritional intake by dietician on day 4 – 7.
If enteral intake <60% of target, consider start TPN.

yes

Day 3: 1000 ml Low Energy-High Protein  (e.g. 1200 kcal, 100 g P)

Weight
< 50 kg?

no

P < 0.65 mmol/l 
and/or decrease in 
P > 0.16 mmol/l?

Consult dietician

Start oral intake: 
- Energy+ & Protein+ diet.
- Protein+ ONS 2-3x/day.

- Consult with nutritional assistant.

no

Continue oral intake 
Expected to start 
ETF < 3-4 days?yes

Consult nutritional intervention team and consider TPN.
 If TPN: start at 20 ml/h advance to full feeding in 3-4 days. 

no

Daily evaluation until day 4.  
If ETF is still contra-indicated on day 4: 

Consult nutritional intervention team and consider TPN. 
If TPN: start at 20 ml/h advance to full feeding in 3-4 days. 

Delay enteral feeding until 
hemodynamic stability Severe shock yes

no

yes

no

no

yes

no

no

P < 0.65 mmol/l 
and/or decrease in 
P > 0.16 mmol/l?

P < 0.65 mmol/l 
and/or decrease in 
P > 0.16 mmol/l?

Abbreviations and definitions: 
ETF: Enteral tube feeding, TPN: Total parenteral nutrition, 
ONS: oral nutritional supplement. 
Nutritional status: Patient is at risk of malnutrition if:
- BMI <18.5 and/or 
- Unintentional weight loss >10% in 6 months and/or 
- Unintentional weight loss >5% in one month 
Also consider minimal oral intake > 1 week.

yes

no

yes

no

Continue ETF 
at 500 ml/d 
for 2 days, 
continue 

advancing 
after 2 days.

yes

nono

yes

yes

yes

ICU admission: 
At risk for malnutrition?

yes Provide thiamine, vitamins and trace 
elements for 3 days

no

yes

yes
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an abdominal CT-scan is available. Patients in whom a CT-scan is available have a 
heterogeneity of diagnoses, but are often more severely ill patients than patients who do 
not require an abdominal CT-scan. This might limit the generalizability of our findings. 
Additionally, although we corrected for APACHE score, this selection might have 
enlarged the positive associations of nutrition with mortality which we found in chapter 
eight, since a more severely ill patient population might benefit more than a less severely 
ill population [41]. 
Other considerations are regarding the technical aspects of the CT-scan. Van der Werf 
et al. described the influence of contrast-enhanced CT-scans on measurements of 
SMA and SMD [45]. They found that the use of intravenous contrast agent influences 
both SMA and SMD to a small degree, although differences were small when the same 
tube voltage was used. When different tube voltages were used however, agreement 
between non-contrast and contrast-enhanced scans was poor. An increase in tube 
voltage causes an increase in the number of x-rays produced and the average photon 
energy, therefore producing less noise but also changing the way X-rays are attenuated 
by tissues and therefore the observed SMD. In the studies presented in this thesis, we 
used both contrast-enhanced and not-enhanced CT-scans and CT-scans with different 
tube voltages. Although the effect of using both contrast-enhanced and non-contrast 
scans and different tube voltages is expected to be small in large groups, this might have 
influenced the results and patients might have been misclassified as a result. Collection 
of this information and using only scans with similar image acquisition parameters 
should be a focus in future studies.
In chapter three, we developed ICU-specific cut-off points based on hospital mortality 
for low SMA. These cut-off points were subsequently used in chapters five and eight 
to classify patients into low- or normal SMA groups, and have been used in several 
other studies as well [16, 46]. However, the external validity of these cut-off points has 
not yet been tested. To verify the validity of these cut-off points, it is desirable that 
their association with mortality is tested in another population of critically ill patients. 
Although other body composition markers scale to height [47], this has not been 
confirmed for SMA. Indeed, our cut-off points are not normalized to height, contrary to 
other commonly-used cut-offs for SMA [42, 48]. This complicates comparison to other 
studies. We have also identified cut-off points normalized for height, which performed 
similar to the non-normalized cut-off points.

Implications for current practice and future research
The studies described in this thesis were the origin of a new nutritional protocol in our 
ICU (figure 2). The underlying concept of this protocol is to feed early and to advance 
slowly, while providing a high protein intake early and avoiding energy overfeeding. It 
describes when enteral nutrition is indicated, when to consult with a dietician, and how 
to advance enteral nutrition during the first week of ICU admission. We aim to slowly 
increase the dose of a high protein-to-energy ratio enteral nutrition during the first 3 
days, thereby targeting a protein intake of >1.2 g/kg/day but avoiding energy overfeeding.  
On day 4 the nutritional algorithm is used to provide a personalized advice, aiming for 
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90% of EE and 1.5g/kg/day of protein. This prescription is evaluated and, if needed, 
corrected by a dietician. 
Nutrition is but a small cog in the wheel of critical care medicine. Therefore it can be 
hard to imagine that the amount of nutrition a patient receives on day 4 or during days 
2-4 of admission (chapters six and eight) has such a large influence on mortality up to six 
months later. However, the feeding adequacy in this crucial early phase might directly 
or indirectly influence the rest of a patient’s admission. Other critical moments when 
nutritional intake often abruptly declines are the moment when the nasogastric tube 
is removed, often when a patient is discharged from the ICU to the ward, and discharge 
from the hospital. Nutrition should remain a priority after ICU discharge, throughout 
patients’ stay in the ward, and even when they are recovering from critical illness at 
home. Outcome variables should not only focus on mortality-based endpoints, but shift to 
functional outcomes such as the timed up-and-go test or the short physical performance 
battery, as these are crucial for a patient’s recovery after critical illness and their return 
to participation in society.
Muscle mass and -quality at ICU admission were found to be important prognostic 
factors. Follow-up measurements of muscle mass could be included in future studies. 
However, abdominal CT-scans are unsuitable for follow-up, partially because of 
limitations discussed before, but also because the decrease of muscle mass in bedrest 
is disproportional and most pronounced in the lower limbs [49], which would not be 
detected by abdominal CT-scans. The use of portable CT-scanners to make CT-scans of 
extremities should be considered, as they eliminate the need for patient transportation, 
reduce the exposure to harmful radiation, and may capture the most pronounced 
muscle wasting. Finally, standard protocols should be developed for accurate ultrasound 
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