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Death, morbidity and economics are the only 
endpoints for trials Koretz 2005



Survivorship will be the defning 
challenge of critcal care in the 21st 

century Iwashyna 2010



INTENSIVE 
CARE 

ACQUIRED 
WEAKNESS

VENTILATOR 
ASSOCIATED 
PNEUMONIA

VENOUS 
THROMBOSIS

CENTRAL LINE 
INFECTION

 highest 
incidence

50% 25% 30% 0.058%

Lowest 
incidence

25% 10% 4% 0.001%

De Jonghe JAMA 2002
ATS AJRCCM 2005
Boddi JTN 2010
Provonost NEJM 2006





From: Acute Skeletal Muscle Wasting in Critical Illness

JAMA. 2013;310(15):1591-1600. doi:10.1001/jama.2013.278481

Muscle wastng was signifcantly greater in the sickest patents
20% loss in RFCSA with > 2 organ failure
26% loss in RFCSA with > 4 organ failure



Puthucheary et al  JAMA 2013

NECROSIS SEEN IN 40% OF CASES



MUSCLE PROTEIN HOMEOSTASIS

SYNTHESIS

BREAKDOWN

Anabolism Catabolism
Feeding
Tipton KD at al Am J Physiol Endocrinol Metab 2007
Moore et al J Physiol 2009

Infammaton
Biolo et al J Clin Endocrinol Metab 2002
Vesali RF et al. Clin Sci (Lond) 2009

Insulin
Greenhaf et al. Am J Physiol Endocrinol Metab 2008
Fryburg et al J Clin Invest 1995

Immobilisaton & Bed Rest
Ferrando et al Am J Physiol 1996
Glover et al J Physiol 2008

Exercise Therapy
Bechoshoef et al.  Clin Nutr 2103
Yang et al Br J Nutr 2012

Ageing
de Boer et al J Physiol 2007
Kumar et al J Physiology 2009



From: Acute Skeletal Muscle Wasting in Critical Illness

JAMA. 2013;310(15):1591-1600. doi:10.1001/jama.2013.278481



From: Acute Skeletal Muscle Wasting in Critical Illness

JAMA. 2013;310(15):1591-1600. doi:10.1001/jama.2013.278481



INTRACELLULAR  SIGNALLING

Puthucheary et al  JAMA 2013







SUBSTRATES FOR ATP GENERATION



SUBSTRATES FOR ATP GENERATION

Lactate



INTRAMUSCULAR HYPOXIA AND 
INFLAMMATION PROTEIN 

HOMEOSTASIS

NUTRITIONAL

ENERGETIC

INFLAMMATION

MITOCHONDRIA

CLINICAL

MUSCLE MASS



SUBSTRATES FOR ATP GENERATION

Lactate



MCAD * ETF * DECR1 * CPT  * MFEII 
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MITOCHONDRIAL BETA-OXIDATION 

DECREASES IN THE FIRST WEEK



DEPARTMENT OF 
HEPATOLOGY 
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INCREASES IN INTRAMUSCULAR  
PHOSPHOLIPIDS



SUBSTRATES FOR ATP GENERATION



SUBSTRATES FOR ATP GENERATION: 
1kcal/ml feed

Carbohydrate 
47%

Fat  34%

Protein 4%

MCAD * ETF * DECR1 * CPT  * MFEII 

-15000

-10000

-6000

-4000

-2000

0

5000

-800

-600

-400

-200

0

200
250
300

500

D
M

F
I D

M
F

I
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LOSS OF β-OXIDATION PASTEUR EFFECT

3.2%



Pre-existng chronic disease
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CRITICALLY ILL PATIENTS

• Lose muscle mass rapidly- 2-3% per day
• Muscle Protein Synthesis is depressed
• Bioenergetc failure occurs in skeletal muscle



IMMOBILIZATION

NUTRITIONAL 
INTAKE

PRO-
INFLAMMATORY 

RESPONSE

INSULIN 
RESISTANCE

ANABOLIC 
RESISTANCE

BREAKING THE CYCLE

Mourtzakis Annals ATS 2017



INCREASING PROTEIN DELIVERY

RATIONALE:
1. Stmulate MPS directly
2. Amino acids for incorporaton into 
new muscle

FLAWS:
1. Delivery ≠ Availability
2. Muscle Full Efect
3. Does not address other components
4. Breakdown products may be harmful

EVIDENCE FOR MUSCLE MASS EVIDENCE FOR FUNCTIONAL OUTCOMES

Hermans LRM 2013- NO (FibreCSA 

MRC-SS)
Doig ICM 2015- NO  (RAND-36 PF)



INCREASING CALORIE DELIVERY

RATIONALE:
1. Address energy defcit issue

FLAWS:
1. Delivery ≠ Availability
2. Muscle Full Efect
3. Does not address other components
4. Pasteur Efect

EVIDENCE FOR MUSCLE MASS EVIDENCE FOR FUNCTIONAL OUTCOMES

Caesar Lancet 2013 –NO (6min walk)
Heiddiger Lancet 2015- NO (LOS)
Allinstrup ICM 2017- NO (PCS 6/12)

Caesar CCM 2013 – NO (quality)



INDIRECT EVIDENCE FROM THE REVERSE 
APPROACH



Clinical nutriton delivery in its 
current form is unlikely to protect 

skeletal muscle during critcal 
illness



EXERCISE

3hr1hr 3hr1hr

EXERCISE 
ALONE IS 

CATABOLIC



EXERCISE AND AMINO ACIDS



NEUTRAL REHABILITATION TRIALS (n>10)

A Randomized Trial of an Intensive Physical Therapy Program for Acute Respiratory Failure Patents
Marc Moss, Amy Nordon-Craf, Dan Malone, David Van Pelt, Stephen K Frankel, Mary Laird Warner, Wendy 
Kriekels, Monica McNulty, Diane L Fairclough, and Margaret Schenkman AJRCCM 2015



INABILITY TO PERFORM EXERCISE

Median duraton of exercise was 6.1 min
 at 5.0 Wats with a Borg score of 13.

“ We conclude that the ability of our 
patents to tolerate exercise was very low”

        HEALTH CRITICAL ILLNESS



• Despite  Grade I evidence in other 
populatons, there is litle evidence that  
exercise rehabilitaton increases physical 
functon in critcally ill patents.



WHAT CAN I DO RIGHT NOW?



1. Minimise complicatons of bed rest

2. Address sequelae of ICU-AW

3. Perceived barriers are modifable

4. Implementaton is feasible

5. Promotes reducton of sedaton

6. It is safe

7. Promotes improved functonal outcomes if early start

8. May improve delirium

9. New technologies expand opportunites 

10. May reduce overall resource utlizaton  



“12% increase in hospital survival with each 10% increase 
in bundle compliance OR 1.12;95%CI 1.07-1.17 p<0.01”

A=Awakening trials
B= Spontaneous Breathing
C= Coordinaton of Care
D=Delirium assessment
E=Early mobilizaton
F=Family engagement 

SEDATION

IMMOBILIZATION

TEAMWORKING



IMMOBILIZATION

SYNTHESIS

BREAKDOWN

BALANCE

Percentage of 
non-intubated 
patents 
mobilized out of 
bed

Percentage of 
intubated 
patents 
mobilized out of 
bed

56% 16%

24% 8%

37% 0%

INTERNATIONAL POINT 
PREVALENCE

        HEALTH CRITICAL ILLNESS



GLUT-4 Translocaton

INSULIN RESISTANCE AND IMPAIRED GLUT-4 
TRANSLOCATION

INSULIN RESISTANCE AND IMPAIRED GLUT-4 
TRANSLOCATION



IMPAIRED BETA-OXIDATIONIMPAIRED BETA-OXIDATION

MCAD * ETF * DECR1 * CPT-1 * MFEII 
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INCREASED INTRAMUSCULAR LIPID ACCUMULATIONINCREASED INTRAMUSCULAR LIPID ACCUMULATION
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OVERCOMING BARRIERS

• TEAM WORKING
• SEDATION
• SAFETY



Safety Concerns
• 1449 mobilizatons- 14  minor adverse events (<1%)
• 593 with ETT- no extubatons



• Culture change is the major barrier
– Not a “Physio problem”- a team problem
– Identfcaton by doctors and nurses of the “unmet 

mobilizaton need”

OVERCOMING BARRIERS



RECALIBRATION OF SELFRECALIBRATION OF SELF

“Prior self to current self” “current self  to future self”

Pre-morbidPre-morbid Chronic
Critcally Ill
Chronic
Critcally Ill

ICU 
Survivor
ICU 
Survivor

COGNITIVE 
IMPAIRMENT

COGNITIVE 
IMPAIRMENT

EPISODIC 
MEMORY 

LOSS

EPISODIC 
MEMORY 

LOSS

“It’s a blank”“It’s a blank” “even now I feel 
embarrassed”

“even now I feel 
embarrassed”

“you lose all 
dignity in this 

state”

“you lose all 
dignity in this 

state”



www.icudelirium.org



Muscle wastng in Critcally Ill patents

1.Occurs rapidly- 2-3% per day
2. Is the result of:

- Decreased Muscle Protein Synthesis
- Bioenergetc failure
-Intramuscular Infammaton

3. Mobilizaton is the only interventon that 
has evidence of demonstrable beneft
4. No good evidence exists for rehabilitaton 
or nutritonal interventons currently
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