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Long-term mortality and quality of life after prolonged mechanica
ventilation™
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INTENSIVE VENTILATOR VENOUS CENTRAL LINE

CARE ASSOCIATED THROMBOSIS INFECTION
ACQUIRED PNEUMONIA
WEAKNESS
highest 50% 25% 30% 0.058%
incidence
Lowest 25% 10% 4% 0.001%
incidence
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Boddi JTN 2010
Provonost NEJM 2006



Skeletal Muscle Weakness Is Associated With Both
Early and Late Mortality After Acute Respiratory

Distress Syndrome* IEEEIE_@
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@ e JAMA Network

From: Acute Skeletal Muscle Wasting in Critical lliness

JAMA. 2013;310(15):1591-1600. doi:10.1001/jama.2013.278481
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Muscle wasting was significantly greater in the sickest patients
20% loss in RF, with > 2 organ failure

26% loss in RF, with > 4 organ failure
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MUSCLE PROTEIN HOMEOSTASIS

BREAKDOWN

SYNTHESIS

Anabolism Catabolism
Feeding Inflammation
Tipton KD at al Am J Physiol Endocrinol Metab 2007 Biolo et al J Clin Endocrinol Metab 2002
Moore et al J Physiol 2009 Vesali RF et al. Clin Sci (Lond) 2009
Insulin Immobilisation & Bed Rest
Greenhaff et al. Am J Physiol Endocrinol Metab 2008 Ferrando et al Am J Physiol 1996
Fryburg et al J Clin Invest 1995 Glover et al J Physiol 2008
Exercise Therapy Ageing

Bechoshoeft et al. Clin Nutr 2103 de Boer et al J Physiol 2007
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From: Acute Skeletal Muscle Wasting in Critical lllness

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

From: Acute Skeletal Muscle Wasting in Critical lliness

JAMA. 2013;310(15):1591-1600. doi:10.1001/jama.2013.278481
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INTRACELLULAR SIGNALLING
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RESEARCH Open Access

An attenuated rate of leg muscle protein g
depletion and leg free amino acid efflux
over time is seen in ICU long-stayers
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Cell Reports

The Cost of Protein Production

Graphical Abstract
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In Brief

Kafri et al. investigate the processes that
limit protein production. They find that
enforcing either gene transcription or
protein translation reduces growth rate,
depending on growth conditions. Cells
adapt by increasing their size and
endogenous proteome content,
suggesting that rapidly growing cells are
not resource limited.
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SUBSTRATES FOR ATP GENERATION
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INTRAMUSCULAR HYPOXIA AND
INFLAMMATION

MUSCLE MASS

ENERGETIC
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MITOCHONDRIA

Puthucheary ZA, et al. Thorax 2018;0:1-10. doi:10.1136/thoraxjnl-2017-211073
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MITOCHONDRIAL BETA-OXIDATION
DECREASES IN THE FIRST WEEK
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INCREASES IN INTRAMUSCULAR
PHOSPHOLIPIDS
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SUBSTRATES FOR ATP GENERATION
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SUBSTRATES FOR ATP GENERATION:
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ORIGIMNAL ARTHOLE

Thorax Metabolic phenotype of skeletal muscle in early
critical illness
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CRITICALLY ILL PATIENTS

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



BREAKING THE CYCLE

ANABOLIC I |I‘|!!NIOBILIZATION
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INCREASING PROTEIN DELIVERY

RATIONALE: FLAWS:

1. Stimulate MPS directly 1. Delivery # Availability

2. Amino acids for incorporation into 2. Muscle Full Effect

new muscle 3. Does not address other components
4. Breakdown products may be harmful

EVIDENCE FOR MUSCLE MASS EVIDENCE FOR FUNCTIONAL OUTCOMES

Hermans LRM 2013- NO (Fibr‘eCSA Doig ICM 2015- NO (RAND-36 PF)
MRC-SS)




INCREASING CALORIE DELIVERY

RATIONALE: FLAWS:
1. Address energy deficit issue 1. Delivery # Availability

2. Muscle Full Effect
3. Does not address other components
4. Pasteur Effect

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 (vquality)




INDIRECT EVIDENCE FROM THE REVERSE
APPROACH

Caring for the Critically Il Patient FREE E hiean Diasty Energy Intake
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Clinical nutrition delivery in its
current form is unlikely to protect
skeletal muscle during critical
illness



EXERCISE

Free Amino Acid Pool and Muscle Protein
Balance after Resistance Exercise

HANNU T. PITKANEN'Y, TARJA NYKANEN', JUHA KNUUTINEN-. KAISA LAHTI®, OLAVI KEINANEN-,
MARKKU ALEN®, PAAVO V. KOMI!, and ANTTI A. MERO!
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EXERCISE AND AMINO ACIDS
The American Journal of Clinical Nutrition

Ingested protein dose response of muscle and albumin protein
synthesis after resistance exercise in young men'™

Daniel R Moore, Meghann J Robinson, Jessica L Fry, Jason E Tang, Elisa I Glover, Sarah B Wilkinson, Todd Prior,
Mark A Tarnopolsky, and Stuart M Phillips
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NEUTRAL REHABILITATION TRIALS (n>10)

BE\/IJ RESEARCH

The PRACTICAL study of nurse led, intensive care follow-up
programmes fior improving long term outoomes from critical
llness: a pragmatic randomised controllied trial
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@ CRITICAL CARE

RESEARCH Open Access

Health-related quality of life and physical

recovery after a critical illness: a multi-centre
randomised controlled trial of a home-based
physical rehabilitation program
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Exercise rehabilitation for patients with critical

illness: a randomized controlled trial with
12 months of follow-up
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A Randomized Trial of an Intensive Physical Therapy Program for Acute Respiratory Failure Patients

Marc Moss, Amy Nordon-Craft, 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

Ingested protein dosa response of muscle and alt::umin protein

synthesis after resistance exerclse m young men*™
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Median duration of exercise was 6.1 min
at 5.0 Watts with a Borg score of 13.

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

CRITICAL ILLNESS
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* Despite Grade | evidence in other
populations, there is little evidence that
exercise rehabilitation increases physical
function in critically ill patients.



WHAT CAN | DO RIGHT NOW?



WHAT'S NEW IN INTENSIVE CARE

Ten reasons why ICU patients should be e
mobilized early

Linda Denehy', Julie Lanphere’ and Dale M. Needham® Intensive Care Med {2017) 43:86-90
DOL 10.1007/500134-016-4513-2

Minimise complications of bed rest

Address sequelae of ICU-AW

Perceived barriers are modifiable

Implementation is feasible

Promotes reduction of sedation

It is safe

Promotes improved functional outcomes if early start

May improve delirium

O 0 N O UL B W DN Re

New technologies expand opportunities

10. May reduce overall resource utilization



Improving Hospital Survival and Reducing Brain
Dysfunction at Seven California Community
Hospitals: Implementing PAD Guidelines Via the
ABCDEF Bundle in 6,064 Patients™

Mary Ann Barnes-Daly, MS, RN, CCRN, DC'; Gary Phillips, MAS"; E. Wesley Ely, MD, MPH, FCCM*

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

A=Awakening trials

SEDATION  B= Spontaneous Breathing
C= Coordination of Care TEAMWORKING
D=Delirium assessment

E=Early mobilization IMMOBILIZATION
F=Family engagement



IMMOBILIZATION

The temporal responses of protein synthesis, gene
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Physical imgetivity as the culpnt of metabolic infAexibility: evidence from

Pml-rest stuches
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Critical lliness Myopathy and GLUT4

Significance of Insulin and Muscle Contraction
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HIGHLIGHTEDR TOMC | Plysiology amd Pathophysiology of Plivsival Twaenivit

Physical imgetivity as the culpnt of metabolic infAexibility: evidence from

Pml-rest stuches
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Physical imgetivity as the culpnt of metabolic infAexibility: evidence from
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OVERCOMING BARRIERS
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and rehabilitation in survivors of critical

illness: a systematic review of quantitative

and qualitative studies
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Hodgson et al Critical Care (2014) 18:658
DOI 10.1186/513054-014-0658-y
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RESEARCH Open Access

Expert consensus and recommendations on
safety criteria for active mobilization of
mechanically ventilated critically ill adults

Carol L Hodgson™, Kathy Stiller®, Dale M Needham®, Claire J Tipping®, Megan Harrold®, Claire E Baldwin®,
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Steven A Webb '~

Safety Concerns
* 1449 mobilizations- 14 minor adverse events (<1%)
* 593 with ETT- no extubations
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* Culture change is the major barrier
— Not a “Physio problem”- a team problem

— |dentification by doctors and nurses of the “unmet
mobilization need”



BM) Open Qualitative, grounded theory
exploration of patients’” experience of
early mobilisation, rehabilitation and
recovery after critical illness

Evalyn J Cormer,” ' Eleanor J Murmray,” ? Stephen J Brett®®
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[CU Delirium

The Science, Why, and What of ICU Liberation
andthe ABCDEF Bundle for Patients and

Families: Dr. Wes Ely Hawaii SCCM 2017
Plenary

WATCH THE VIDEG

for Medical Professionals for Patients and Families ool m
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ABCDEF is a standard bundle of ICU measures that includes

spontaneous Assess for and manage pain, Both Spontaneous what is Delirium?
Awakening Trials [SAT) & Spontaneous Breathing Trials [SBT), attention

to the Cholce of sedation and analgesia, Delirium monitoring and Dreliriurm is basically

www.icudelirium.org



Muscle wasting in Critically Ill patients

1.0ccurs rapidly- 2-3% per day
2. Is the result of:
- Decreased Muscle Protein Synthesis

- Bioenergetic failure

-Intramuscular Inflammation
3. Mobilization is the only intervention that
has evidence of demonstrable benefit
4. No good evidence exists for rehabilitation
or nutritional interventions currently
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