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Sarx (flesh) + penia (loss)

- Rosenberg, 1989 -

Sarcopenia

Age-related loss of skeletal muscle mass and function



Muscle strength and the life course

Cruz-Jentoft et al. Age and Ageing 2019; 48: 16–31



Homo Hundred Era

Life expectancy 

≒ Healthy life years + 10 years

Super-aged Society



Increase of the admission to the ICU of elderly 
patients in Korea from 2003 to 2010 

• 중환자의 고령화

Heo et al.  Acute and Critical Care 2018 33(3):135-145 



Multiple factors contributing to rapid loss of 
muscle mass in the older ICU patient

Phillips SM et al. Nutr Clin Pract. 2017 ;32:112S-120S



Factors contributing to sarcopenia

Disease

• Inflammatory conditions 
(organ failure, malignancy)

• Osteoarthritis

• Neurological disorders

Inactivity

• Sedentary behavior      
(limited mobility or bedrest)

• Physical inactivity

Malnutrition

• Under-nutrition or 
malabsorption

• Medication-related anorexia

• Over-nutrition/obesity

Cruz-Jentoft et al. Age and Ageing 2019; 48: 16–31

Aging



Sarcopenia categories

• Primary : aging 

• Secondary : disease, inactivity, and malnutrition

• Acute : lasting < 6 months

• Chronic : lasting ≥ 6 months

Cruz-Jentoft et al. Age and Ageing 2019; 48: 16–31



Malnutrition in critically ill patients

LEE Zyet al. Nutr Clin Pract 2019;34(1):96-111

Stress 

catabolism

Catabolic hormones 
glucagon, cortisol, 

catecholamines

Pro-inflammatory 

cytokines
IL-1, IL-6, TMF-α

Inadequate 

nutrition intake

Preexisting 

malnutrition

Iatrogenic 

underfeeding



Acute skeletal muscle wasting in critical illness

Change in rectus femoris cross-sectional area over 10 days

• Prospective study, August 2009 - April 2011, England

• 63 patients, mean age 54.7 years, APACHE II score of 23.5 

• > 48 hours of MV, >7 days in ICU

Puthucheary ZA et al. JAMA 2013 16;310(15):1591-600.



Measurements of muscle wasting during critical 
illness by organ failure

Puthucheary ZA et al. JAMA 2013 16;310(15):1591-600.

Single vs. multiorgan failure Single vs. multiorgan (2-3/4-6) failure



Elevation in leg protein breakdown relative to 
protein synthesis resulting in a net catabolic state

Puthucheary ZA et al. JAMA 2013 16;310(15):1591-600.

Leg protein balance (n=11)

No nutrition support All fed enterally



Muscle biopsy specimens from a critically ill 
patient on day 1 and day 7

Puthucheary ZA et al. JAMA 2013 16;310(15):1591-600.

CD68

Day 1 Day 7

Myonecrosis
important role in loss 
on muscle mass



Persistent inflammation, immunosuppression, 
and catabolism syndrome (PICS) paradigm

Moore FA et al. Nutr Clin Pract. 2017;32(1): 121S–127S 

Prolonged low-grade inflammation and catabolism 
with resultant loss of lean body mass 

Systemic proinflammation (systemic inflammatory response syndrome)

Anti-inflammation (compensatory anti-inflammatory response syndrome)



Effects of sarcopenia in ICU

• Delayed cessation of mechanical ventilation

• Longer hospital stay 

• Increased risk of mortality

• Greater readmission rate

• Worse long-term physical function and QOL

• Increased care-giver burden

Moisey et al. Crit Care 2013, 17:R206
Weijs PJ et al. Crit Care 2014 Jan 13;18(2):R12.
Gariballa S et al. Clin Nutr 2013 Oct;32(5):772–6
Heyland DK et al. Clin Nutr 2016;35:1196-1206



2018 operational definition of sarcopenia

Cruz-Jentoft et al. Age and Ageing 2019; 48: 16–31

• Low physical 

performance

Severe 

sarcopenia  

• Low muscle 

quantity or 

quality

Sarcopenia

• Low muscle 

strength

Probable 

sarcopenia



Cruz-Jentoft et al. Age and Ageing 2019; 48: 16–31



EWGSOP2 Sarcopenia cut-off points

Cruz-Jentoft et al. Age and Ageing 2019; 48: 16–31

ASM (Appendicular skeletal muscle mass)

SPPB (Short physical performance battery) – gait speed, balance test, and chair stand test

TUG (Timed-up-and-go test)



Body compartments

Buckins F et al. J Cachexia Sarcopenia Muscle 2018;9(2):269-278.



Modalities of measurement for muscle mass

• Dual-energy x-ray absorptiometry (DEXA)

• Bioimpedance analysis (BIA)

• Computed tomography (CT)

• Ultrasound



Dual-energy x-ray absorptiometry (DEXA)

• Non-invasive with small doses of radiation

• Relatively cheap

• Well validated tool, low precision errors

• Not portable

• Body thickness and abnormalities in 

hydration status (e.g. water retention, heart, 

kidney, or liver failure) can affect muscle 

measure.

• Cannot quantify fatty infiltration of muscle

Buckins F et al. J Cachexia Sarcopenia Muscle 2018;9(2):269-278.



Bioimpedance analysis (BIA)

• Inexpensive

• No radiation exposure

• Accessible and can be performed at the bedside

• Need of age, gender, and ethnic-specific equation 

• Sensitive to subjects’ conditions such as 

hydration, recent activity, and time being 

horizontal

Mundi MS et al. Nutr Clin Pract 14(1) 48-58 

Buckins F et al. J Cachexia Sarcopenia Muscle 2018;9(2):269-278.

Muscle, blood 

Fat, bone, 
air-filled spaces 



BIA-ICU outcomes

Lee YH et al. J Crit Care 40(2017) 103-107
Buckins F et al. J Cachexia Sarcopenia Muscle 2018;9(2):269-278.

241 critically ill surgical patients

• Phase angle

✓ Indicator of membrane integrity and 

water distribution 

✓ Prognostic indicator, positive 

association with survival in patients with 

HIV, malignancy, hemodialysis, and 

critical illness 



Computed tomography (CT)

• Differentiate organs, skeletal 

muscle, and adipose tissue

• Differentiate abnormal muscles 

from normal muscle

• High radiation exposure

• Analysis is time-consuming and 

requires special software

Mundi MS et al. Nutr Clin Pract 14(1) 48-58 

Koga Y et al. J Crit Care 47(2018)153-158

• Skeletal muscle : −29 to 150 HU
• Visceral, subcutaneous, intramuscular 

adipose tissue : −150 to −50 HU



Lumbar 3rd vertebra imaging correlated significantly with 
whole-body muscle

Fearon K et al. Nat Rev Clin Oncol. 2013;10(2):90-99.

BMI 17.5 BMI 25 BMI 38

Psoas, erector spinae, quadrates lumborum, transverse abdominus, 

external and internal obliques, and rectus abdominus



CT-ICU outcomes

• Retrospective analysis

• 240 mechanical ventilated patients

• Abdomen CT on clinical indication between 1 day 

before and 4 days after admission

• Hospital mortality was significantly higher in those 

with sarcopenia compared with normal muscle 

area. 

– females (47.5% vs 20.0%)

– males (32.3% vs 7.5%)

Weijs PJ et al. Crit Care. 2014;18(1):R12. 

normal

sarcopenic



• Retrospective study 

• 491 mechanically ventilated critically ill 

adult patients 

• Abdomen CT scan, 1 day before to 4 days 

after ICU admission

• Higher skeletal muscle density was 

associated with a lower 6-month mortality. 

HR/10 HU, 0.640 (95% CI, 0.552–0.742),    

p < 0.001

CT-ICU outcomes

Skeletal muscle density (SMD) 

Looijaard WG et al Crit Care 2016(20):386



CT-ICU outcomes

• 125 patients with liver cirrhosis  

admitted in MICU

• Two separate occasions before 

admission to the MICU

• 113 patients (90.4%) - sarcopenia

• Rapid muscle decline (WBMI 

loss >2%/year) is correlated with 

increased ICU mortality and in-

hospital mortality in critically ill 

patients with cirrhosis.

Ju S et al. J Intensive Care Med 2018 Jan 1

Variables aHR P value

Malignancy (HCC) 2.245 0.004

Alcoholic LC 2,704 0.007

APACHE II 1.064 < 0.001

Accelerated L3 mass loss 
(WBMI loss >2%/year)

1.032 0.028

❖Cox proportional hazards regression 
multivariate analysis of in-hospital mortality of 
125 cirrhotic patients admitted to ICU



Ultrasound

• No radiation exposure

• Accessible at the bedside

• Assess quantity and quality of muscle

• Lack of protocol consensus for 

method and site of measurement

Mundi MS et al. Nutr Clin Pract 14(1) 48-58 
Guerreiro AC et al. Front Med 2017;31(4)122



Ultrasound

• No standardization of specific muscles

– Rectus femoris (CSA or thickness) 

– Vastus lateralis (thickness) 

– Limb thickness (rectus femoris + vastus intermedius)

– Individual muscle groups

• Unknown  image acquisition site 

– Midthigh, 2/3, and 3/5 of femur length 

(for the quadriceps)

Mourtzakis M et al. Ann Am Thorac Soc. 2017 Oct;14(10):1495-1503.



Rapid muscle wasting in the ICU

Detection changes in the quality and quantity of muscle

→ Relation with muscle strength and function 

Parry SM et al. J Crit Care 30 (2015)1151.e9–1151.e14

vastus intermedius (VI)  
rectus femoris (RF) 
cross-sectional area (CSA)



Sarcopenia index

• Significant correlation with measured muscle 

mass via CT scan

• Independent predictor of the hospital and 

90-day mortality rates (area under ROC, 0.8)

• Correlation with mechanical ventilation

Kashani et al. Crit care med 2017;45(1):e23-e29.
Barreto et al. Clinical nutrition 2018

(serum creatinine/serum cystatin C) x 100



Interventions

• Nutritional supports
– Early nutritional support

– High-protein support

– Leucine

– β-Hydroxy-β-Methylbutyrate

– Vitamin D supplement

• Physiotherapy

– Neuromuscular electrical stimulation  (NMES)

– Exercise

• Reduction of sedatives and opioids



Early nutritional support

• Early enteral nutrition reduced in-hospital mortality 

from sepsis in patients with sarcopenia.

• Early nutritional deficits were correlated with muscle 

quality deterioration.

– Inpatient gain in psoas density is associated with shorter 

hospital stay.

Koga Y et al. J Crit Care 47(2018)153-158

Yeh DD et al. J Crit Care 45(2018)7-13



Koga Y et al. J Crit Care 47(2018)153-158

Single-center retrospective analysis - septic patients 

Yamaguchi University Hospital ICU

January 2010-August 2017

Skeletal muscle area (SMA) at the level of the third 

lumbar vertebra was measured with CT on admission

Sarcopenia : SMA < 80% of the predicted value



High-protein support

Protein requirements are expected to be in the range of 1.2–2.0 
g/kg actual body weight per day and may likely be even higher 
in burn or multitrauma patients.

2014 ASPEN guideline

During critical illness, 1.3 g/kg protein equivalents per day can 
be delivered progressively.

1.2-1.5 g protein/kg/day in older people who are 
malnourished or at risk of malnutrition because they have 
acute or chronic illness, with even high protein intake for 
individuals with severe illness or injury.

2018 ESPEN guideline



High-protein support

• Sarcopenic ICU patients benefit more from protein intake > 

1.2 g/kg per day.

• Aging sarcopenia with recommendation to provide 1.5 

g/kg/d of protein.

• Older patients in the ICU were able to achieve nitrogen 

equilibrium but only with protein intakes that approached 

2–2.5 g/kg/d.
Dickerson RN et al. JPEP J Parenter Enteral Nitr. 2015;39:282-290

Looijaard et al. Crit Care 2016;20:386

.Wolfe RR et al. Clin Nutr. 2008 Oct;27(5):675-84.



Leucine

• Promote muscle protein synthesis by stimulating the 

mammalian target of rapamycin (mTOR) signaling pathway

Fractional synthetic rate (%/h) of mixed muscle protein 

Katsanos CS et al. Am J Physiol. 2006; 291:E381-E387
Moore FA et al. Nutr Clin Pract. 2017; 32: 121S-127S



β-hydroxy-β-methylbutyrate

• Leucine metabolite

• Stimulate protein synthesis or prevent proteolysis

Kuhls et al. J Trauma 2007;62(1):125-31

<HMB> β-hydroxy-β-methylbutyrate

<Juven> HMB + L-arginine + L-glutamine 

*14-day nitrogen balance measurements



Vitamin D supplement

• Vitamin D receptor on muscle

• Vitamin D deficiency → muscle pain and weakness 

• Vitamin D supplementation can improved muscle strength, in particular 

in those most deficient.

Simpson RU et al. J Biol Chem 260, 8882–8891.
Beuadart C et al. J Clin Endocrinol Metab 99, 4336–4345.

Fuller JC et al. JPEN 35, 757–762.

Change in total leg strength 

─○─, HMB/ARG/LYS, 25OH-vitD3 serum levels <30 ng/mL (n=29)

─■─, HMB/ARG/LYS, 25OH-vitD3 serum levels ≥30 ng/mL (n = 11) 

-Δ-, control,25OH-vitD3 serum levels <30 ng/mL (n = 25)

··◊··, control, 25OH-vitD3 serum levels ≥30 ng/mL (n = 12)



Pathogenesis and features of the refeeding 
syndrome



Patients of high risk of refeeding syndrome

Mehanna HM et al. BMJ 2008;336:1495-8



Prevention of the refeeding syndrome

• Immediately vitamin (thiamine) supplementation 

• Close monitoring and correction of phosphate, 

potassium, calcium, and magnesium 

– Once daily for the first week

– Refeeding hypophosphatemia : < 2.0 mg/dl, ▼ 0.5 mg/dl

• Slow progression to energy target during the first 72 h

P. Singer et al. Clin Nutr 2019 Feb;38(1):48-79.



Conclusions

• Definition of sarcopenia 

– Low muscle strength + low muscle quantity or quality 

• Pathophysiology of sarcopenia in ICU 

– Primary : aging 

– Secondary: stress catabolism, inactivity, and malnutrition 

• Effect of sarcopenia in critically ill patients

– Increased mortality

– Longer hospital stay

– Longer MV days

– Worse long-term physical function and QOL



Conclusions

• Modalities to measure muscle mass

– BIA : accessible at the bedside, , phase angle – prognostic factor

– CT : L3 vertebrae level, measuring quantity and quality of muscle

– US : Rectus femoris & vastus intermedius mm., no radiation, accessible at 
the bedside, measuring quantity and quality of muscle

• Prevention or reducing muscle wasting 

– Early nutritional supports, high-protein support, leucine, β-hydroxy-β-
methylbutyrate (HMB), vitamin D (in deficient case)

– Rehabilitation, reduction of sedatives and opioids

• Refeeding syndrome

– Close monitoring and correction of serum levels of electrolytes, especially 
phosphate

– Slow progression of nutrition in patients of high risk 




