
5/19/2011

1

A Missing Critical Aspect of A Missing Critical Aspect of 
Critical CareCritical Care

Early Mobilization in ICUEarly Mobilization in ICU

Dany Abou Abdallah, M.D.Dany Abou Abdallah, M.D.
Luther Midelfort HospitalLuther Midelfort Hospital

Mayo Health SystemMayo Health System

Case PresentationCase Presentation

•• ID : 38 y/o previously healthy manID : 38 y/o previously healthy man
•• CC: Admitted with fever and progressive CC: Admitted with fever and progressive 

dyspnea over 2 days durationdyspnea over 2 days duration
•• PMH: NonePMH: None
•• Meds: NoneMeds: None
•• Admitting Diagnosis: Admitting Diagnosis: 

-- Seasonal InfluenzaSeasonal Influenza
-- Secondary MRSA PneumoniaSecondary MRSA Pneumonia

•• Developed ARDS and MRSA bacteremiaDeveloped ARDS and MRSA bacteremia
–– On mechanical ventilation for 11 daysOn mechanical ventilation for 11 days
–– Required Prone Ventilation to ensure adequate     Required Prone Ventilation to ensure adequate     

oxygenationoxygenation

•• First 3 daysFirst 3 days
–– Hypotensive, on vasopressorsHypotensive, on vasopressors

•• Then stabilizedThen stabilized
–– Remained on ventilator for poor oxygenation, then  Remained on ventilator for poor oxygenation, then 

for rapid shallow breathing on SBTsfor rapid shallow breathing on SBTs
–– Received high doses of lorazepam for   Received high doses of lorazepam for   

agitation, especially at nightagitation, especially at night
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PostPost--ICU courseICU course
•• On transfer to wardOn transfer to ward

–– Too delirious to participate in therapyToo delirious to participate in therapy
–– Markedly weakMarkedly weak
–– Transferred to SNF to complete antibioticsTransferred to SNF to complete antibiotics
–– Returned home 5 weeks after initial illness beganReturned home 5 weeks after initial illness began

•• 6 months later6 months later
–– Describes difficulty with concentration, memoryDescribes difficulty with concentration, memory
–– Recurring nightmares about spiders and Recurring nightmares about spiders and 

suffocationsuffocation
–– Regaining strength, still couldn’t walk up 1 flig ht of Regaining strength, still couldn’t walk up 1 flight  of 

stairs without stoppingstairs without stopping
–– Still not back to workStill not back to work

LongLong--term outcomes after term outcomes after 
critical illnesscritical illness

• • Cognitive impairment is commonCognitive impairment is common
–– 100% of ALI survivors impaired at d/c100% of ALI survivors impaired at d/c
–– ~ 50% with persisting impairment at 1 year~ 50% with persisting impairment at 1 year

• Anxiety, depression and post• Anxiety, depression and post--traumatic stress se en in many traumatic stress seen in many 
survivorssurvivors

––2525--50% of survivors may be affected50% of survivors may be affected

• MOST survivors have persisting problems with phys ical function• MOST survivors have persisting problems with phys ical function

• Prolonged disability is common• Prolonged disability is common

Hopkins RO. AJRCCM1999 Hopkins RO. AJRCCM1999 
HerridgeMS. NEJM2003HerridgeMS. NEJM2003

COULD EARLY MOBILIZATION HAVE COULD EARLY MOBILIZATION HAVE 
HELPED THESE PATIENTS?HELPED THESE PATIENTS?
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OutlineOutline

•• ICUICU--acquired weaknessacquired weakness
•• Why mobilize critically ill patientsWhy mobilize critically ill patients
•• A multidisciplinary approach at LMA multidisciplinary approach at LM--

MHSMHS

OutlineOutline

•• ICUICU--acquired weaknessacquired weakness
•• Why mobilize critically ill patientsWhy mobilize critically ill patients
•• A multidisciplinary approach at LMA multidisciplinary approach at LM--

MHSMHS

Why do critically ill patients Why do critically ill patients 
develop weakness?develop weakness?

•• Critical illness myopathy and neuropathyCritical illness myopathy and neuropathy
–– Resulting from critical illness and its treatment sResulting from critical illness and its treatments

•• Muscle dysfunction due toMuscle dysfunction due to
–– CatabolismCatabolism
–– DeconditioningDeconditioning
–– ImmobilityImmobility

•• Other causes of weakness or impaired mobilityOther causes of weakness or impaired mobility
–– PainPain
–– ContracturesContractures
–– Compression neuropathiesCompression neuropathies
–– Heterotopic ossificationHeterotopic ossification
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How common is ICUHow common is ICU--acquired acquired 
weakness?weakness?

•• At least 25% of At least 25% of 
ICU patients ICU patients 
develop weaknessdevelop weakness

•• BUTBUT
––Many ICU Many ICU 
patients cannot be patients cannot be 
assessed by assessed by 
clinical clinical 
examinationexamination

De JongheB. JAMA2002De JongheB. JAMA2002

Weak patients could not even lift Weak patients could not even lift 
up arms or legsup arms or legs

De Jonghe B. JAMA2002De Jonghe B. JAMA2002

5= full strength5= full strength
4= moves against resistance4= moves against resistance
3= opposes gravity3= opposes gravity
2= moves without gravity2= moves without gravity
1= twitch1= twitch
0= no movement0= no movement
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Weak patients have worse Weak patients have worse 
outcomesoutcomes

•• Increased duration of mechanical ventilationIncreased duration of mechanical ventilation
•• Time of ventilation increases by 1Time of ventilation increases by 1--3 weeks3 weeks
•• Most significant predictor of prolonged MVMost significant predictor of prolonged MV
•• Longer ICU and hospital stayLonger ICU and hospital stay
•• More likely to need reMore likely to need re--intubationintubation
•• Less likely to go home at hospital dischargeLess likely to go home at hospital discharge
•• More likely to die in the hospitalMore likely to die in the hospital
•• Experience delays in rehabilitationExperience delays in rehabilitation

––Take longer to regain strength, walk, workTake longer to regain strength, walk, work

••LeijtenJAMA 1995 ;De JongheJAMA 2002; LeijtenJAMA 1995 ;De JongheJAMA 2002; 
••Hough ICM2009; Ali AJRCCM 2008Hough ICM2009; Ali AJRCCM 2008

Respiratory muscles are also Respiratory muscles are also 
affectedaffected

•• Phrenic nerve conduction studies show Phrenic nerve conduction studies show 
changes consistent with critical illness changes consistent with critical illness 
neuromyopathyneuromyopathy
––Abnormal in 48 of 52 (92%) of patients    Abnormal in 48 of 52 (92%) of patients    

with weakness and failure to weanwith weakness and failure to wean

Zifko UA. JNS 1998Zifko UA. JNS 1998
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Respiratory muscles are also Respiratory muscles are also 
affectedaffected

Diaphragm atrophies on mechanical ventilationDiaphragm atrophies on mechanical ventilation
––Atrophic changes within 1 week on CMVAtrophic changes within 1 week on CMV

Levine S. NEJM 2008Levine S. NEJM 2008

Nerve and muscle changes Nerve and muscle changes 
happen early in ICUhappen early in ICU

•• Neuropathy and Neuropathy and 
myopathy myopathy 
––Changes detected Changes detected 
within 2within 2--3 days3 days

•• Loss of muscle Loss of muscle 
thicknessthickness
––Most dramatic in Most dramatic in 
first 2first 2--3 weeks3 weeks

Bolton CM. ICM2000Bolton CM. ICM2000
GrutherW. J Rehab Med2008GrutherW. J Rehab Med2008
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SummarySummary

• ICUICU--acquired weakness acquired weakness 
–– CommonCommon
–– Underestimated by clinical examinationUnderestimated by clinical examination
–– Associated with poor outcomesAssociated with poor outcomes
–– Involves respiratory musclesInvolves respiratory muscles
–– Begins early in the ICU stayBegins early in the ICU stay
–– Is likely worsened by immobilityIs likely worsened by immobility

OutlineOutline

•• ICUICU--acquired weaknessacquired weakness
•• Why mobilize critically ill patientsWhy mobilize critically ill patients
•• A multidisciplinary approach at LMHA multidisciplinary approach at LMH--

MHSMHS

Potential benefits of activity Potential benefits of activity 
during critical illnessduring critical illness

•• Effects on the bodyEffects on the body
––Reducing muscle atrophy and weaknessReducing muscle atrophy and weakness
––Improving respiratory functionImproving respiratory function

•• Optimizing V/Q matchingOptimizing V/Q matching
•• Increasing lung volumesIncreasing lung volumes
•• Improving airway clearanceImproving airway clearance

––Increasing functional independenceIncreasing functional independence
––Improving cardiovascular fitnessImproving cardiovascular fitness

•• Effects on the mindEffects on the mind
––Increasing psychological well beingIncreasing psychological well being
––Increasing level of consciousnessIncreasing level of consciousness

Stiller K. CritCare Clin2007Stiller K. CritCare Clin2007
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Bed rest might Bed rest might notnot be good for you!be good for you!
• • Immobility contributes toImmobility contributes to
–– Muscle atrophyMuscle atrophy
–– Switch of muscle myosin isoforms from slow to fas t Switch of muscle myosin isoforms from slow to fast 

twitchtwitch
–– Inflammation (local and systemic)Inflammation (local and systemic)
–– Metabolic changes: insulin resistance, decreased Metabolic changes: insulin resistance, decreased 

protein synthesis, and decreased fatty acid protein synthesis, and decreased fatty acid 
metabolismmetabolism

•Effects are amplified during critical illness•Effects are amplified during critical illness

Needham DM. JAMA2008Needham DM. JAMA2008

Can we mobilize ICU patients?Can we mobilize ICU patients?

•• Is it safe?Is it safe?
––And, if so, for which patients?And, if so, for which patients?

•• Is it feasible?Is it feasible?
•• Is it helpful?Is it helpful?

“Early activity is feasible and safe in “Early activity is feasible and safe in 
respiratory failure patients”respiratory failure patients”

•• Prospective cohort studyProspective cohort study
–– 8 bed RICU8 bed RICU
–– Included all patients with >4 days MVIncluded all patients with >4 days MV
–– 3 criteria to begin activity (guidelines)3 criteria to begin activity (guidelines)

•• NeurologicNeurologic (response to verbal stimulus)(response to verbal stimulus)

•• RespiratoryRespiratory (FIO2<0.6 and PEEP <10)(FIO2<0.6 and PEEP <10)

•• CirculatoryCirculatory (no orthostasis or vasopressors)(no orthostasis or vasopressors)

•• Intervention: progressive increase in activityIntervention: progressive increase in activity
––Sit on bed, sit in chair, ambulate (twice daily)Sit on bed, sit in chair, ambulate (twice daily)

•• Team: PT, RT, RN and critical care technicianTeam: PT, RT, RN and critical care technician

•• Outcome: Ambulation > 100 ft at ICU d/cOutcome: Ambulation > 100 ft at ICU d/c Bailey P. CCM 2007Bailey P. CCM 2007
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Intubated patients were able to Intubated patients were able to 
participateparticipate

•• Enrolled: 103 patientsEnrolled: 103 patients
––Nearly all transferred from other ICUs (med, surg )Nearly all transferred from other ICUs (med, surg)
––Mean time to transfer: 10.5 daysMean time to transfer: 10.5 days
––89% on MV at RICU admission89% on MV at RICU admission

•• Ambulation occurred by RICU day 3 (mean)Ambulation occurred by RICU day 3 (mean)

Bailey P. CCM 2007Bailey P. CCM 2007

Safety and feasibilitySafety and feasibility
•• SafetySafety

–– 14 adverse events out of 1449 activity events14 adverse events out of 1449 activity events
–– Fall to knees (5)Fall to knees (5)
–– SBP < 90 (4SBP < 90 (4––all orthostatic)all orthostatic)
–– SBP > 200 (1)SBP > 200 (1)
–– O2 desaturation to <80% (3O2 desaturation to <80% (3––all rapidly resolved)all rapidly resolved)
–– Removal of nasal feeding tube (1)Removal of nasal feeding tube (1)

•• FeasibilityFeasibility
–– No change in staffing was needed for protocolNo change in staffing was needed for protocol

•• RN: patient 1:2RN: patient 1:2
•• RT: patient 1:4RT: patient 1:4
•• PT: no increasing in staffing (? Ratio)PT: no increasing in staffing (? Ratio)

Bailey P. CCM 2007Bailey P. CCM 2007

“Early intensive care unit mobility therapy in “Early intensive care unit mobility therapy in 
the treatment of acute respiratory failure”the treatment of acute respiratory failure”

•• Prospective cohort studyProspective cohort study
––Block allocation designBlock allocation design

•• Study question: Study question: 
––Does a mobility protocol and team Does a mobility protocol and team 
increase the proportion of ICU increase the proportion of ICU 
patients receiving PT?patients receiving PT?

•• Population: MICU patients requiring Population: MICU patients requiring 
MV on admissionMV on admission

•• Intervention: Mobility Team (RN, PT, Intervention: Mobility Team (RN, PT, 
NA) initiating progressive protocol NA) initiating progressive protocol 
within 48 hours of MVwithin 48 hours of MV
––Control: RNControl: RN--PROM, positioningPROM, positioning

•• Outcome: proportion of hospital Outcome: proportion of hospital 
survivors receiving PTsurvivors receiving PT Morris PE. CCM 2008Morris PE. CCM 2008



5/19/2011

11

ProtocolProtocol

•• Safety Criteria *Safety Criteria *

–– Hypoxia: Desat < 88%Hypoxia: Desat < 88%
–– MAP < 65 mmHgMAP < 65 mmHg
–– New VasopressorNew Vasopressor
–– New MINew MI
–– Dysrhythmia Dysrhythmia 

requiring new agentrequiring new agent
–– Increase in PEEPIncrease in PEEP
–– Return to AC when in Return to AC when in 

weaning Modeweaning Mode

•• *Mobility withheld for *Mobility withheld for 
1 day then reassessed1 day then reassessed

Morris PE. CCM 2008 SafetyMorris PE. CCM 2008 Safety

•• Randomized controlled studyRandomized controlled study
•• Population: Population: 

–– Previously independent MICU patients Previously independent MICU patients 
requiring >72 hours mechanical ventilationrequiring >72 hours mechanical ventilation

•• Intervention: Early exercise and mobilization Intervention: Early exercise and mobilization 
–– Control: Daily interruption of sedation with Control: Daily interruption of sedation with 

“usual PT/OT”“usual PT/OT”
•• Primary outcome: Independent functional status at Primary outcome: Independent functional status at 

hospital dischargehospital discharge
–– Independent performance of 6 ADLs and Independent performance of 6 ADLs and 

ambulationambulation
•• Additional outcomes: delirium, duration of MVAdditional outcomes: delirium, duration of MV

Schweickert WD. Lancet 2009Schweickert WD. Lancet 2009
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Daily protocol delivered by PT/OTDaily protocol delivered by PT/OT

•• Every morning, sedatives Every morning, sedatives 
were interruptedwere interrupted

•• Unresponsive patients Unresponsive patients 
––passive range of motionpassive range of motion

•• Once patient interactive, Once patient interactive, 
––Active range of motionActive range of motion
––Bed mobility activities, Bed mobility activities, 
transferring to upright sittingtransferring to upright sitting
––Transfer trainingTransfer training
––PrePre--gait activitiesgait activities
––WalkingWalking

•• Therapy occurred daily until Therapy occurred daily until 
previous function or hospital previous function or hospital 
discharge achieveddischarge achieved

•• Safety RestrictionsSafety Restrictions
•• MAP < 65 or >110MAP < 65 or >110
•• SBP >200SBP >200
•• HR <40 or > 130HR <40 or > 130
•• RR<5 or > 40RR<5 or > 40
•• SaO2 < 88%SaO2 < 88%
•• High ICPHigh ICP
•• GIBGIB
•• Recent MIRecent MI
•• Intermittent HDIntermittent HD
•• Sedation in last 30 minutesSedation in last 30 minutes
•• Unsecure AirwayUnsecure Airway
•• Ventilator AsynchronyVentilator Asynchrony
•• New ArrhythmiaNew Arrhythmia

Schweickert WD. Lancet 2009Schweickert WD. Lancet 2009

Early therapy leads to early Early therapy leads to early 
milestonesmilestones

Schweickert WD. Lancet 2009Schweickert WD. Lancet 2009

Early therapy improved outcomesEarly therapy improved outcomes
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Benefits of early mobilization of Benefits of early mobilization of 
critically ill patients: critically ill patients: 
preliminary evidencepreliminary evidence

•• Improves patient outcomesImproves patient outcomes
––Duration of mechanical ventilationDuration of mechanical ventilation
––DeliriumDelirium
––Length of hospital stayLength of hospital stay
––Functional independence at hospital dischargeFunctional independence at hospital discharge

•• Saves hospitals $$ Saves hospitals $$ 
•• Even with increased staffEven with increased staff

Benefits of early mobilization of Benefits of early mobilization of 
critically ill patients: pure Conjecturecritically ill patients: pure Conjecture
•• Improved muscle mass, strength and functionImproved muscle mass, strength and function

–– Short and longShort and long--termterm

•• Decreased sedation useDecreased sedation use

•• Improved communication with critically ill patientsImproved communication with critically ill patients

•• Increased satisfaction with ICU care ofIncreased satisfaction with ICU care of
–– PatientsPatients
–– FamiliesFamilies
–– Clinical staffClinical staff

•• Enhance the team approach in the ICUEnhance the team approach in the ICU
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We’re probably not doing as much We’re probably not doing as much 
therapy as we think we are…therapy as we think we are…

•• National PT Survey dataNational PT Survey data
–– PTs responded therapy is indicated for ICU ptsPTs responded therapy is indicated for ICU pts

variable timing, frequency and intensityvariable timing, frequency and intensity
•• Small observational pilot project: JHHSmall observational pilot project: JHH

–– Observed MICU for 13 weeksObserved MICU for 13 weeks
–– Found 21/32 eligible patients had orders for PTFound 21/32 eligible patients had orders for PT
–– 19 patients received a total of 50 treatments19 patients received a total of 50 treatments

•• 12% of MICU days12% of MICU days
–– Barriers: sedation, unavailability of staffBarriers: sedation, unavailability of staff
–– New impairments in physical function were   New impairments in physical function were   

common at hospital dischargecommon at hospital discharge

Hodgin KE. CCM2009Hodgin KE. CCM2009
Zanni JM. JCC2009Zanni JM. JCC2009

Let’s get moving!Let’s get moving!

Needham DM. JAMA2008Needham DM. JAMA2008


