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Muscle	  was*ng	  in	  the	  ICU:	  recent	  insights	  into	  causes,	  fu*lity	  
of	  early	  feeding	  BCAA	  or	  protein	  	  and	  possible	  ways	  forward	  	  



Outline	  of	  talk	  

• 	   	  What	  happens	  to	  the	  muscle	  in	  the	  ICU	  pa6ent	   	  	  

• 	   	  What	  are	  the	  drivers	  of	  anabolism	  for	  musculoskeletal	  
6ssues?	  

Ø 	  Nutri6on	  
Ø 	  Exercise	  

• 	   	  What	  goes	  wrong	  during	  
Ø 	  Ageing	  
Ø 	  Disuse	  
Ø 	  Cri6cal	  illness	  	  



COMPARATIVE	  INCIDENCE	  OF	  	  
ICU-‐ACQUIRED	  WEAKNESS	  
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Muscle	  was*ng	  was	  significantly	  greater	  in	  the	  sickest	  pa*ents	  
7%	  loss	  in	  RFCSA	  1	  organ	  failure	  
20%	  loss	  in	  RFCSA	  with	  >2	  organ	  failure	  
26%	  loss	  in	  RFCSA	  with	  >4	  organs	  failure	   Puthucheary	  et	  al	  	  JAMA	  2013	  



First	  Week	  in	  ICU	  	  

10.3	  ±	  10.9%	


17.5	  ±	  30.2%	  	


29.5	  ±	  41.5%	  	


p=0.31	


p=0.03	




Composi*on	  of	  Muscle:	  Fat	  and	  Fat	  Free	  Solids	  and	  Water	  ic	  and	  ec	  
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Skeletal	  muscle	  and	  plasma	  free	  amino	  acids	  in	  cri*cal	  illness	  (mean	  plus	  minus	  SD)	  
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LOW	  GLN	  and	  LEU	  
suggest	  low	  poten6al	  
for	  Muscle	  Protein	  
Synthesis	  
	  
HIGH	  LEU	  and	  BCAA	  
probably	  due	  to	  INC	  
MPB	  ;	  increased	  use	  
as	  fuels	  in	  muscle	  
	  
HIGH	  	  AROMATIC	  AA	  
suggests	  large	  net	  
imbalace	  between	  
MPS	  	  and	  MPB	  with	  
MPS<MPB	  





ICU	  Pa*ents	  Muscle	  Composi*on	  data	  
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Changes	  of	  muscle	  protein	  (ASP)	  and	  cell	  size	  (ASP/DNA)	  and	  ribosome	  
content	  (RNA/DNA)	  per	  muscle	  cell	  with	  	  days	  of	  illness	  
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1.   [Protein]/	  Muscle	  Cell	  falls	  	  
2.   [RNA]/	  Muscle	  Cell	  falls	  
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The	  “ac6ve	  ingredients”	  in	  food	  are	  amino	  acids	  	  

Before	  Breakfast	  	   Liquid	  Meal	  
of	  protein,	  fat	  	  
and	  CHO	  

n	  mol	  Leu/100	  g	  limb/min	  

Mixed	  amino	  acids	  
given	  by	  vein	  
	  

i.e.	  S-‐B	  
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So,	  if	  we	  are	  supplied	  large	  amounts	  of	  protein	  we	  will	  build	  big	  
muscles?	  	  	  

No	  -‐	  	  because	  of	  major	  limita:ons	  to	  increasing	  
muscle	  mass	  on	  high	  protein	  diet	  -‐	  

1.  Enzymes	  of	  AA	  catabolism	  have	  high	  Km	  	  i.e.	  rate	  of	  
catabolism	  scales	  with	  delivery	  of	  AA	  

2.  	  Induc6on	  of	  enzymes	  of	  amino	  acid	  catabolism	  	  for	  
BCAA,	  S-‐AA	  and	  Aroma6c	  AA	  	  
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Another	  major	  limita*on	  to	  increasing	  muscle	  mass	  mass	  on	  
high	  protein	  diet	  

3.  	  	  Tachyphylaxis	  of	  muscle	  anabolism	  -‐	  “muscle	  full”	  	  state	  



Response of muscle protein synthesis and blood urea
to continuous availability of amino acids
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So how does muscle know to 
increase muscle building when 

amino acids are available ? 

What sensing and signalling 
mechanisms are involved?  



Regulation of  mRNA translation by Amino Acids and Insulin 
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Do	  hormones	  explain	  the	  effects	  of	  
amino	  acids	  in	  s6mula6ng	  muscle	  

building?	  	  

Certainly	  not	  insulin,	  growth	  
hormone	  or	  IGF-‐1…….	  
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Studies	  carried	  out	  	  with	  insulin,	  GH	  and	  IGF-‐1	  clamped	  	  	  

• 	  AA	  alone	  sHmulate	  synthesis	  with	  no	  effect	  on	  breakdown	  
• 	  Insulin	  decreases	  breakdown	  with	  no	  further	  effect	  on	  synthesis	  
• No	  requirement	  for	  GH	  or	  IGF-‐1	  for	  anabolic	  effect	  of	  AA	  



What	  happens	  with	  exercise/physical	  
ac*vity?	  



Effect of resistance exercise on muscle protein synthesis
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What about signalling after exercise?  



PS	  

	  Rheb/kinase	  X	  

	  mTOR	  

	  TSC	  2	  

	  AMPK	   	  PKB	  

High	  Intensity	  
Contrac6on	  

Low	  Intensity	  
Contrac6on	  

[AMP]↑	  



Synergistic effects of 
food and muscle activity?  



What do we know about Muscle Protein Turnover
with AA and Physical activity ?
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Maximal rate of protein synthesis at 20g 
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Is	  immobiliza*on	  simply	  the	  opposite	  of	  ac*vity	  ?	  
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Effect of immobilisation on human quadriceps size
and protein synthesis
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What causes muscle wasting with inactivity, 
ageing, cirrhosis, cancer etc? 

 
 
 



Hypothesized	  altera*ons	  to	  protein	  metabolism	  with	  ac*vity,	  disease	  trauma	  and	  
sepsis	  Rennie	  (Br	  Med	  Bull,	  1985)	  

Whole	  Body	  Protein	  Synthesis	  

Muscle	  Protein	  Turnover	  

(b)	  Normally	  
nourished	  

(a)	  Starved	  

(c)	  Enterally	  or	  
parenterally	  fed	  



     What is our current understanding of the mechanisms of  
              muscle wasting in chronic and acute disease?                         

    Prot Syn   Prot Bkdn      

Chronic Wasting 
P/E Malnut ↓↓            ↓         
Immobilization   
“Slow” Cancer           

Acute Wasting 
Sepsis 

   
     

Should we try to match therapy with mechanisms ? ecicm6 

  ↑               ↑↑  

↓↓            ↓   

Burns 

Trauma  

↓↓            ↓   

   ↑              ↑↑  
  ↓              ↑↑ = ?  



Ageing	  as	  a	  paradigm	  condi6on	  of	  “anabolic	  
resistance”	  
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Immobiliza*on	  and	  anabolic	  resistance?	  
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Trauma	  and	  anabolic	  resistance?	  



	  	  	  	  	  	  	  	  	  #	  vs.	  pa6ents	  

Muscle	  protein	  synthesis	  in	  ICU	  pa6ents	  (all	  head	  trauma)	  fed	  enterally	  +	  
AA	  parenteral	  supplements	  

Healthy	  	  
Controls	  

Pa6ents	  +	  	  
Ala	  suppl	  

Pa6ents	  +	  	  
AA	  Mix	  suppl	  

Mansoor	  et	  al	  2007	  Clin	  Nutr	  



Work	  on	  62	  ICU	  pa*ents	  studied	  by	  Zudin	  Puthucheary	  in	  
UCL/KCL	  2009-‐2012	  



PROTEIN	  HOMEOSTASIS	  (n=11)	  

MPS	  rates	  at	  day	  1	  were	  depressed	  to	  levels	  observed	  in	  fasted	  healthy	  controls	  
Significant	  Increase	  in	  MPS	  from	  day	  1	  to	  day	  7	  
MPS	  rates	  at	  day	  7	  recovered	  to	  similar	  levels	  of	  healthy	  fed	  controls	  



PROTEIN	  HOMEOSTASIS	  (n=11)	  

MPS	  rates	  at	  day	  1	  were	  depressed	  to	  levels	  observed	  in	  fasted	  healthy	  controls	  
Significant	  Increase	  in	  MPS	  from	  day	  1	  to	  day	  7	  
MPS	  rates	  at	  day	  7	  recovered	  to	  similar	  levels	  of	  healthy	  fed	  controls	  



PROTEIN	  HOMEOSTASIS	  (n=11)	  
NB	  Breakdown	  unchanged	  throughout	  
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Puthucheary	  et	  al	  	  JAMA	  2013	  

Principle	  Component	  Analysis	  demonstrated	  the	  rela6onship	  between	  	  
anabolic	  and	  catabolic	  pathways	  and	  real	  6me	  measures	  of	  protein	  turnover	  



Interim	  Conclusion	  
•  Cri*cal	  illness	  induced	  muscle	  was*ng	  occurs	  rapidly	  and	  early	  -‐	  the	  first	  7D	  
•  Cri*cal	  illness	  induced	  muscle	  was*ng	  is	  most	  pronounced	  in	  mul*-‐organ	  

failure	  
•  Muscle	  was*ng	  is	  the	  result	  of	  a	  decrease	  in	  muscle	  protein	  synthesis	  and	  a	  

net	  catabolic	  state	  
•  Early	  in	  cri*cal	  illness	  MPS	  is	  similar	  to	  healthy	  fasted	  ‘starved’	  controls	  
•  By	  the	  end	  of	  the	  first	  week	  MPS	  is	  similar	  to	  that	  in	  healthy	  ‘fed’	  controls	  
•  Cri*cal	  illness	  muscle	  was*ng	  correlated	  with	  hypoxaemia	  &	  protein	  loading	  

(not	  shown	  today)	  



Summary	  so	  far	  
• 	   	  Amino	  acids	  (esp	  leucine?)	  act	  as	  signals	  as	  well	  as	  substrates	  indep	  of	  

	  hormones	  to	  inc	   	  muscle	  protein	  synthesis	  via	  PKB/mTOR/P70	  	  

• 	   	  Muscle	  response	  dose	  and	  *me	  limited	  

• 	   	  Use	  and	  disuse	  modulate	  protein	  accre*on	  –	  probably	  dependent	  on	  
mode,	   	  intensity	  and	  dura*on	  of	  	  ±	  load”	  

• 	   	  Age,	  disuse,	  trauma	  and	  cancer	  burden	  all	  cause	  “anabolic	  resistance”	  –	  
	  which	  seems	  increasingly	  likely	  to	  be	  final	  common	  pathway	  for	  slow	  
	  muscle	   	  atrophy	  in	  adults	  	  

	  



Mechanisms	  of	  slow	  protein	  
was6ng?	  
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Muscle	  blood	  flow	  is	  low	  and	  unresponsive	  in	  old	  
	  	  people	  but	  rejuvenated	  by	  	  RET	  



Bulk vs microvascular flow:  
Effect of insulin at very low doses “recruiting” 

nutritive flow channels in muscle- 

From Michael Clark AJP 2008 





Even	  if	  leg	  blood	  flow	  is	  elevated,	  muscle	  microcirculatory	  flow	  is	  
compromised	  in	  cri*cally	  ill	  pa*ents	  incl	  in	  	  sepsis	  ?	  

Vincent	  and	  De	  Backer.	  Crit	  Care,	  2005,	  9:S9-‐12.	  
	  Microvascular	  dysfunc6on	  as	  a	  cause	  of	  organ	  
	  dysfunc6on	  in	  severe	  sepsis	  
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NB  
1.  Fractional 

Protein Syn Rate 
normalizes when 
expressed per 
protein mass 

2.  Absolute Syn 
Rate  is FSR x 
Muscle Protein 
Mass 

3.  FSR/[RNA] is 
very low in old 

4.  AA have effect 
only within 
window set by 
[RNA] 







But	  what	  about	  fast	  was*ng?	  	  

	  

In	  sepsis	  and	  burns	  muscle	  breakdown	  is	  elevated	  
sufficiently	  to	  drive	  muscle	  synthesis	  to	  supra-‐normal	  

values	  

	  



Hypothesis	  regarding	  loss	  of	  muscle	  protein	  in	  slow	  and	  fast	  
was6ng	  

Tissue	  	  
Microcirc	  

[AMP]	  

AMPK	   TSC2/1	  

RheB-‐GTP	   RheB-‐GDP	  

GβL	   RapTOR	  
mTOR	  

vPS34	  

[Leu]	  

Insulin/IGF1	  

PKB	  

IRS1	  

General	  insult	  

Major	  Stress,	  
Inflamma6on	  

	  1°	  result	  -‐	  decreased	  anabolism	   	  1°	  result	  -‐	  increased	  proteolysis	  outstrips	  AA-‐	  
driven	  anabolism	  	  



How	  to	  ameliorate	  muscle	  mass	  loss	  in	  
ICU	  pa6ents	  

• 	   	  Increase	  muscle	  [RNA]	  by	  any	  means	  
	  possible	  

• 	   	  THEN	  ,	  and	  ONLY	  then	  add	  	  EAA,	  
	  protein,	  n-‐3	  PUFA	  etc	  
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