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ObjectivesObjectivesjj

 Review the theoretical importance ofReview the theoretical importance of Review the theoretical importance of Review the theoretical importance of 
spontaneous breathing on diaphragmatic spontaneous breathing on diaphragmatic 
functionfunctionfunction.function.

 Review the laboratory and human subject Review the laboratory and human subject 
evidence of mechanical ventilation onevidence of mechanical ventilation onevidence of mechanical ventilation on evidence of mechanical ventilation on 
diaphragmatic activity.diaphragmatic activity.
R i th i t f d il SAT/SBT t i lR i th i t f d il SAT/SBT t i l Review the impact of daily SAT/SBT trials.Review the impact of daily SAT/SBT trials.
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Respiratory PowerRespiratory PowerRespiratory PowerRespiratory Power
 Diaphragm Diaphragm -- extremely extremely p gp g yy

active muscle,(30active muscle,(30-- 40% 40% 
activity, 24 hrs./day)activity, 24 hrs./day)
C it t i VC it t i V Capacity to increase Ve Capacity to increase Ve 
15 15 –– 3030--foldfold

 Composed of slow andComposed of slow andComposed of slow and Composed of slow and 
fast twitch fibersfast twitch fibers

 Developmental and Developmental and 
Di ifiDi ifiDisease specific Disease specific 
modificationsmodifications



Characteristics of Diaphragm Characteristics of Diaphragm 
M l FibM l FibMuscle FibersMuscle Fibers



Form and FunctionForm and Function

Pro Cycling tifosi Pro Cyclist



How Much Work are We Capable of?How Much Work are We Capable of?

Elite athletes Elite athletes -- 185 185 -- 200 LPM of Minute Ventilation200 LPM of Minute Ventilation



Premise Premise –– Pts. with Acute Respiratory Pts. with Acute Respiratory 
F il h ld b dF il h ld b dFailure should be rested…Failure should be rested…

 Resting reduces pt workResting reduces pt work--ofof--breathingbreathing
 Resting reduces VOResting reduces VO22 by respiratory musclesby respiratory musclesgg 22 y p yy p y
 As much as 15As much as 15--20% of total VO2 under extremis20% of total VO2 under extremis

 Resting prepares for weaningResting prepares for weaning Resting prepares for weaningResting prepares for weaning
 What possibly could be What possibly could be wrongwrong with not with not 

breathing?breathing?breathing?breathing?



Ventilator Induced Diaphragmatic Ventilator Induced Diaphragmatic 
D f i (VIDD)D f i (VIDD)Dysfunction (VIDD)Dysfunction (VIDD)

 Adverse effect of mechanical ventilationAdverse effect of mechanical ventilation Adverse effect of mechanical ventilation Adverse effect of mechanical ventilation 
on ventilatory muscleson ventilatory muscles

 4040 50% reduction in pressure generating50% reduction in pressure generating 4040--50% reduction in pressure generating 50% reduction in pressure generating 
within 3within 3--6 days of controlled mech vent.6 days of controlled mech vent.

R d ti i dR d ti i d Reduction in enduranceReduction in endurance
 Reduction in forceReduction in force

 Not related to a change in nerve impulseNot related to a change in nerve impulse



Ventilator Induced Diaphragmatic Ventilator Induced Diaphragmatic 
D f i (VIDD)D f i (VIDD)Dysfunction (VIDD)Dysfunction (VIDD)

 Characterized by a reduction in the forceCharacterized by a reduction in the force-- Characterized by a reduction in the forceCharacterized by a reduction in the force
generating capacity of the diaphragm.generating capacity of the diaphragm.
 TransTrans diaphragmatic pressure generation isdiaphragmatic pressure generation is TransTrans--diaphragmatic pressure generation is diaphragmatic pressure generation is 

reducedreduced
 Reduction in enduranceReduction in endurance Reduction in enduranceReduction in endurance

 Usually timeUsually time--dependentdependent
M j it f id f i lM j it f id f i l i iti it Majority of evidence from animal or Majority of evidence from animal or in vitroin vitro
studiesstudies



Probable Causes of VIDD Probable Causes of VIDD 

 Muscle atrophy Muscle atrophy –– absence of useabsence of usep yp y
 Decreased protein synthesisDecreased protein synthesis
 Protein breakdownProtein breakdown

 Fiber Remodeling Fiber Remodeling 
 Muscle specific proteinsMuscle specific proteins
 Oxidative stressOxidative stress protein oxidationprotein oxidation Oxidative stress Oxidative stress –– protein oxidationprotein oxidation

 Structural injury Structural injury 
 Disruption of myofibrilsDisruption of myofibrilsDisruption of myofibrilsDisruption of myofibrils
 Abnormal mitochondriaAbnormal mitochondria

 Metabolic enzymes Metabolic enzymes –– decreasing efficiencydecreasing efficiency
 Gene expression Gene expression –– ultimate cause?ultimate cause?



Muscle AtrophyMuscle AtrophyMuscle AtrophyMuscle Atrophy

 Decreased protein synthesisDecreased protein synthesis Decreased protein synthesisDecreased protein synthesis
 Increased proteolysis Increased proteolysis 

11 11 d11 d 1 1 –– 11 days11 days
 4040--50% reduction in diaphragmatic force50% reduction in diaphragmatic force

Baboon, piglet modelsBaboon, piglet models

 Not related to lung volume, abdominal Not related to lung volume, abdominal 
compliance, nerve impulse transmissioncompliance, nerve impulse transmission

CCM 1997;25: 1187-1190CCM 1997;25: 1187 1190

Intensive Care Med 2002; 28: 358-364



What is the Consequence of not What is the Consequence of not 
U i h Di h ?U i h Di h ?Using the Diaphragm?Using the Diaphragm?

 The diaphragm fires 30The diaphragm fires 30--40% of the day40% of the day The diaphragm fires 30The diaphragm fires 30 40% of the day40% of the day
 More active than other skeletal muscleMore active than other skeletal muscle

N l t tiN l t ti Normal exposure to a negative pressureNormal exposure to a negative pressure
 StretchStretch--like stimuluslike stimulus

 CMV = “Disuse”?CMV = “Disuse”?
 Unload the diaphragmUnload the diaphragmp gp g
 Cyclical inflation with PEEP, positive pressureCyclical inflation with PEEP, positive pressure



Impact of Assisted Ventilation vs. Impact of Assisted Ventilation vs. 
C ll d V il iC ll d V il iControlled VentilationControlled Ventilation

Sassoon, AJRCCM 2004; 170: 626-32



Conditions Increasing VIDD RiskConditions Increasing VIDD RiskConditions Increasing VIDD RiskConditions Increasing VIDD Risk

 Prolonged neuromuscular blockadeProlonged neuromuscular blockade Prolonged neuromuscular blockadeProlonged neuromuscular blockade
 Critical Illness PolyneuropathyCritical Illness Polyneuropathy

S iS i SepsisSepsis
 HyperglycemiaHyperglycemia

CC CorticosteroidsCorticosteroids
 Neuromuscular blockersNeuromuscular blockers



Hypothesis for weaning failure with Hypothesis for weaning failure with 
ll d h i l il ill d h i l il icontrolled mechanical ventilationcontrolled mechanical ventilation

CMVCMV
Atrophy wastingFurther “Rest” Atrophy, wasting,

disuse
Further Rest

Failure

F ti I jFatigue, Injury
on re-initiation

of efforts

Weaning
failure

of efforts



 Comparison of biopsy specimensComparison of biopsy specimens
 8 control pts8 control pts

 22--3 hrs. of mechanical ventilation3 hrs. of mechanical ventilation
 14 brain14 brain--dead organ donors (case pts.)dead organ donors (case pts.)

 18 18 –– 69 hrs. of CMV69 hrs. of CMV



NEJM 2008; 358:1327 -35



NEJM 2008; 358:1327 -35



1818--69 hrs. of Diaphragmatic 69 hrs. of Diaphragmatic 
I i i d CMVI i i d CMVInactivity and CMVInactivity and CMV

 Atrophy of both slow and fastAtrophy of both slow and fast--twitch fiberstwitch fibers Atrophy of both slow and fastAtrophy of both slow and fast twitch fiberstwitch fibers
 Increase in oxidative stress markersIncrease in oxidative stress markers

I d t l iI d t l i Increased proteolysisIncreased proteolysis



Comparative Cross SectionComparative Cross Section

NEJM 2008; 358:1327 -35



Possible pathways of diaphragm Possible pathways of diaphragm 
atrophy and weaknessatrophy and weaknessatrophy and weaknessatrophy and weakness

AJRCCM 2007;175: 1233-1240



Cur Opinion Critical Care 2010; 16: 19-25



Diaphragmatic PacingDiaphragmatic PacingDiaphragmatic PacingDiaphragmatic Pacing

 Avoidance ofAvoidance of Avoidance of Avoidance of 
muscle muscle 
atrophyatrophy

 Improvement Improvement 
in tidal volumein tidal volume

 Augmentation Augmentation 
of ventilatory of ventilatory 
supportsupport

 Site familiaritySite familiarity



Spontaneous Breathing…It’s just Spontaneous Breathing…It’s just 
h i h hi dh i h hi dthe right thing to do…the right thing to do…

 Induces improvement in distribution ofInduces improvement in distribution of Induces improvement in distribution of Induces improvement in distribution of 
ventilationventilation

 Improvement in V/QImprovement in V/Q Improvement in V/QImprovement in V/Q
 Avoidance of alveolar collapseAvoidance of alveolar collapse
 Preservation of muscular function, integrityPreservation of muscular function, integrity



Spont breathing aerated lung units Spont breathing aerated lung units 
during ALIduring ALIduring ALIduring ALI

Cur Opin Crit Care 2006;12: 13-18



Sedation Awakening and SBTSedation Awakening and SBT
 Daily SBT demonstrated statistical and Daily SBT demonstrated statistical and 

clinically significant clinically significant  in duration of CMV*.in duration of CMV*.y gy g
 Daily interruption of sedation Daily interruption of sedation  CMV CMV 

duration andduration and  ICU LOSICU LOS ΔΔduration and duration and  ICU LOS ICU LOS ..
 Combining both sedation awakening and Combining both sedation awakening and 

SBT producedSBT produced  in duration of CMV ICUin duration of CMV ICUSBT produced SBT produced  in duration of CMV, ICU in duration of CMV, ICU 
stay and stay and  mortalitymortality±±..

*Ely W, et. al, NEJM 1996; 335:1864-69

ΔKress J, et. al, NEJM 2000; 342: 1471-1477, , ;

±Girard T, et. al, Lancet 2008; 371:126-34



RCT in 4 hospitalsRCT in 4 hospitals RCT in 4 hospitalsRCT in 4 hospitals
 336 patients336 patients
 Control Control –– Sedation as usual, daily SBTSedation as usual, daily SBT
 Intervention Intervention –– Daily SAT and SBTDaily SAT and SBT

Lancet 2008; 371: 126-34



Lancet 2008; 371: 126-34





Lancet 2008; 371: 126-34



Lancet 2008; 371: 126-
34





Reasons for “Missed Opportunities” Reasons for “Missed Opportunities” 
i h SAT SBT Ai h SAT SBT Awith SAT or SBT Attemptswith SAT or SBT Attempts

Ph i i O dPhysician Orders

EducationStaffing EducationStaffing

Initiative



Mechanical Ventilation without Mechanical Ventilation without 
I i i i f I i EffI i i i f I i EffInitiation of Inspiratory Efforts…Initiation of Inspiratory Efforts…

 Leads to disuse atrophyLeads to disuse atrophy Leads to disuse, atrophyLeads to disuse, atrophy
 Reduction in tidal volume, inspiratory capacityReduction in tidal volume, inspiratory capacity

Leads to fatigueLeads to fatigue Leads to fatigueLeads to fatigue
 Leads to “resting” without workLeads to “resting” without work
 Leads to injury with a return to normal Leads to injury with a return to normal 

work levels and subsequent weaning work levels and subsequent weaning 
failure failure 



Take HomeTake Home
 Patient initiation of breathing is a good thingPatient initiation of breathing is a good thing
 Multiple factors influence weaningMultiple factors influence weaning Multiple factors influence weaningMultiple factors influence weaning
 Pharmacologic, PathophysiologyPharmacologic, Pathophysiology

V til t tV til t t Ventilator managementVentilator management
 Animal, human data imply diaphragmatic Animal, human data imply diaphragmatic 

ti i h t i d f titi i h t i d f tiwasting occurs in a very short period of time wasting occurs in a very short period of time 
(< 24 hrs.) with controlled MV.(< 24 hrs.) with controlled MV.

 No evidence of PS, A/C, IMV superiorityNo evidence of PS, A/C, IMV superiority
 There is strong evidence that daily There is strong evidence that daily g yg y

SAT/SBT’s are the right thing to do…SAT/SBT’s are the right thing to do…
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