Early Mobilization of Critically Il Patient:
fact of fantasy?

Matthias Eikermann

>

Grand Rounds

2014




Content

ICU-associated muscle weakness: causes, implications, and mechanisms

Postoperative respiratory complications: impact of respiratory muscle weakness

Benefits of early mobilization in the ICU

The SOMS trial



Mechanisms of ICU acquired muscle weakness

ICU-AW

Electrolytes

Inflammatory Endocrine

Pharmacologic Nutritional

Critical lliness
Neuromyopathy




Clinical focus in the ICU contributes to ICU-associated
muscle weakness.

Focus on safety and patients’ comfort Culture of low-tidal volume ventilation (6 cc/kg)
" Pain, Anxiety " ARDS
® Devices " Risk of ARDS
" Falls ® All patients with hypercarbic respiratory
failure

" Hemodynamics
® Weight bearing restrictions

B CVVH lines / function

T~

Opioids, Propofol, Seroquel, NMBA, Restraints,
NG-tube, Bed-rest, Controlled ventilation, day-light

v

" Aspiration
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Overview of respiratory muscle weakness and respiratory arousal



Respiratory muscles include upper airway dilators and
diaphragmatic pump muscles

Respiratory pump muscles Upper airway muscles
® Weaning failure (rapid shallow breathing) " Aspiration
® Extubation failure (cough) = Airway collapse




Respiratory arousal: neural activation of pump muscles &

upper-airway dilatory muscles
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Anesthetics, NMBA and cognitive dysfunction can impair balance
between dilating upper airway dilator & pump muscles

Physiological

conditions Pathological

conditions







Propofol decreases upper airway muscle activity &
diminishes negative pressure from respiratory pump
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Effects of anesthetics on respiratory muscles:
Ketamine compared with propofol is more forgiving

Ketamine: Higher ventilatory drive No upper airway muscle compromise
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Ketamine: Dissociation between unconsciousness
and airway muscle dysfunction

EEG: sleep-like increase in total power EMG: activation (low-dose range)
B
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Opioids suppress breathing by multiple mechanisms

Respiratory motor neurons, cortical
Peripheral and central chemoreception

cough reflex

|Blood pressure
' L
Carolid Opioids
sinus
iPoz. 1Peoe
cas |
| lung volume,

v

_ 1 Respiratory drive
1 Ventilation

Pulmonary stretch
receptors



Subclinical doses of neuromuscular blocking agents decrease
pharyngeal airway muscle activity.

Baseline



Pharyngeal muscle weakness:
Association between ICU-acquired muscle weakness and aspiration

RACU: FEES in patients with and without weakness

CRITICAL CARE MEDICINE

Muscle Weakness Predicts Pharyngeal Dysfunction and
Symptomatic Aspiration in Long-term Ventilated Patients




ICU acquired respiratory muscle weakness

The diaphragm



Immobilization (Ventilator-induced) leads to weakness in
respiratory muscles

Diaphragm Muscle Thinning in Mechanically

Ultrasound of diaphragm

Ventilated Patients

Horiana B. Grosu, Young Im Lee, Jarone Lee, Edward Eden, Matthias

Eikermann and Keith Rose
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Figure 2. Relationship between duration of mechanical ventilation
(MV) and diaphragmatic function. Maximal twitch airway occlusion
pressure (TwPtr) generated by magnetic stimulation of the phrenic
nerves at different time points in short-term MV (open bar; n = 6) and
long-term MV (solid bars; n = 6) groups. H = number of hours of MV;
D = number of days of MV.



Preclinical data show that mechanical ventilation is

associated diaphragmatic weakness

Immobilizing ventilator settings
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Fig. 5. Diaphragmatic tetanic force (forced divided by cross-sec-

tional area [CSA]) at various stimulation frequencies in control,

assist-control mechanical ventilation (AMV), and controlled me-

chanical ventilation (CMV). * p < 0.01 for CMV versus control and

AMV. AMV attenuated the force-loss induced by CMV. (From Ref-
erence 37, with permission.)

Muscle relaxants make it worse
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Spontaneous breathing can improve hemodynamics and O,-
delivery in ARDS with less sedation and shorter ICU LOS

o-.,‘ AMERICAN JOURNAL OF

: Respiratory and
ars Critical Care Medicines

Spontaneous Breathing During Ventilatory Support
Improves Ventilation-Perfusion Distributions in
Patients with Acute Respiratory Distress Syndrome

CHRISTIAN PUTENSEN, NORBERT J. MUTZ, GABRIELE PUTENSEN-HIMMER, and JORG ZINSERLING

Department of Anesthesiology and Intensive Care Medicine, University of Bonn, Bonn, Germany; and Division of Intensive Care
Medicine, Department of Anesthesia and Intersive Care Medicine, University of Innsbruck, Innsbruck, Austria

Spontaneous breathing :
® Right ventricular end-diastolic volume,
" Stroke volume
® Cardiac index (Cl)
" Pa02
® Oxygen delivery
®  Mixed venous oxygen tension (PvO2)
® Reductions in pulmonary vascular resistance.

Long-Term Effects of Spontaneous Breathing Durin
Ventilatory Support in Patients with Acute Lung Injury

CHRISTIAN PUTENSEN, SABINE ZECH, HERMANN WRICCE, JORC ZINSERLING, FRANK STUBER,
TILMANN VON SPIEGEL, and NORBERT MUTZ

Department of Anesthedokagy and Interidve Care Medicine, Univeruty of Bonn, Bonn, Cermany, and Depantment of Aneithesa and
Intensive Care Medicine, University of innsbeuck, inmebeuch, Austria

Spontaneous breathing :

" Less sedation.

" |Improves cardiopulmonary function

® Shorter duration of ventilatory support

" Shorter ICU stay.



Remain within a narrow range of muscle activation to
avoid atrophy and protect from labored breathing injury

Optimize delicate balance every day

Lung-protective
ventilation
l - Poor compliance
Pharmacological Inflammation
Immobilization of
pump muscles J
_
|___Lowpump muscls acthly | | Increased work of breathing |
A [ High transpulmonary pressure |
Injury related to
Muscle Atrophy barotrauma
Mortality and Target diaphragmatic activity to allow Mortality and

long-term morbidity for recovery from respiratory distress || long-term morbidity
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CASE RECORDS OF THE MASSACHUSETTS
GENERAL HOSPITAL

Case 11-2014: /A Man with
Traumatic Injuries after a

Bomb Explosion at the
Boston Marathon

Matthias Eikermann, M.D., George Velmahos,
M.D., Suhny Abbara, M.D., Paul L. Huang, M.D.,
Shawn P. Fagan, M.D., Ronald E. Hirschberg,
M.D., John Y. Kwon, M.D., and Vania Nosé, M.D.,
Ph.D.

I Spontaneous breathing on the ventilator and
early extubation

' Enabling optimal healing of the residual right leg.

I Early treatment and prevention of functional
limitations, such as sitting up and standing,

I Positioning and exercise training to preserve joint
range of motion and muscle length.

I As the patient improved, his physical therapy
progressed to include a focus on aerobic
exercise and functional mobility training,

Lisfranc fracture

NEJM 2014, April 10t publication date @
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Benefits of early mobilization in the ICU



Early mobilization

World War Il Our definition

" In-bed mobility, passive range of motion
exercises, edge of bed activities,
transfers out of bed to chair, and gait

training

" Effort to expedite the recovery of
soldiers for return to the battlefield



Morris et al: showed that early mobilization in the medical
ICU accelerates ICU and hospital length of stay

ADMIT TO ICU

Goal-directed mobility protocol

|LeveLi|| [LeveLn| | [LEVELm| LEVEL IV
MT: Passive Passive Passive Passive
ROM 3x/d ROM 3x/d ROM 3x/d ROM 3x/d
MT: | q2Hr turning | [ q2Hr turning | | q2Hr turning |
q2Hr turning
Active Active Active
Resistance Resistance Resistance
PT PT PT

PT=
Physical
Therapy
MT =
Mobility
Team

Sitting Position

Sitting Position

Sitting Position

Minimum 20 Minimum 20 Minimum 20
minutes 3x/d minutes 3x/d minutes 3x/d
Sitting on Sitting on
Can move arm edge of edge of
against bed bed
gravity > PT + MT PT + MT
Active
Can move leg Transfer to
Adalnstoravity Chair (OOB)
PT+MT
Minimum 20
minutes/d

| DISCHARGE TO FLOOR BED |

Table 3. Outcomes (survivors)

Results of the trial

Usual Care Protocol

(n = 135) (n = 145) p
Days to first out of bed 13.7 (11.7-15.7) 8.5 (6.6-10.5) <.001
Days to first out of bed (adjusted?) 11.3 (9.6-13.4) 5.0 (4.3-5.9) <.001
Ventilator days 9.0 (7.5-10.4) 7.9 (6.4-9.3) 298
Ventilator days (adjusted?) ]0 2 (8.7-11.7) 8.8 (7.4-10.3) 163
ICU LOS days 1(7.0-9.3) 7.6 (6.3-8.8) .084
ICU LOS days (adjusted?) 6 9 (5.9-8.0) 5.5 (4.7-6.3) .025
Hospital LOS days 17.2 (14.2-20.2) 14.9 (12.6-17.1) .048
Hospital LOS days (adjusted?) 14.5 (12.7-16.7) 11.2 (9.7-12.8) .006

Data are presented as means (confidence intervals).
Adjusted?, adjusted for body mass index, Acute Physiology and Chronic Health Evaluation II, and

Vasopressors.

ICU, intensive care unit; LOS, length of stay.

v



Schweickert et al show that early mobilization in the
Medical ICU improves recovery of functional mobility

Multi-centric RCT Recovery of functional mobility

® Goal-directed early mobility with PT 80-) — Interventon

—— Control [
versus standard of care

we (%)

= All patients: weaning protocol, daily d/c :
of sedation attempts. g,
" Primary: Function mobility at hospital :
discharge ;
£
= ] 5 A %
Number at risk Hospital days
Control 55 51 21 13 9
Intervention 49 40 21 13 8
Figure 2: Probability of return to independent functional status in int tion and control groups

The Lancet 2009

v



Early mobilization in the Surgical ICU: MGH experience

Potential issues Survey: Barriers to early mobilization

" Wound pain?

Inflammation? oot ]
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Orchestrating a culture of change in an interdisciplinary
fashion

Identify stakeholders Plan, do, check, act:
Design a communication tool

" Nurses (CNS, Directors, Staff)

= PT
No mobilisation
0) (1) (2) (3) (4)
" PM&R T) Statie spre
S —
® Surgeons 3)KCP < 20 em K20
1) Follows 1-s%ep
COmmands
2) Voltonal movement
" Fellows Iescr 2"5‘“\@",”“]'_’
fomoral von access for

CVVH

" Anesthesia & CC-Attendings

2) Sas with no suppon

1) 235 bllasteral
Quadriceps syength
3) No WB restrichons




Orchestrating a culture of change in an interdisciplinary
fashion

Validate the communication tool Use it and spread the word, study
The surgical intensive care unit optimal mobility score predicts gj n i};lrgll;al gltenssive C(ggﬁg;tt?plﬁmal
obilisation Score ial:

rpstllity: s leaghirof efay a protocol for an international

George Kasotakis, MD; Ulrich Schmidt, MD, PhD; Dana Perry, RN; Martina Grosse-Sundrup, MD; multicentre, randomised controlled trial
John Benjamin, MD; Cheryl Ryan, RN; Susan Tully, RN; Ronald Hirschberg, MD; Karen Waak, DPT; f d Ll d 1

George Velmahos, MD, PhD; Edward A. Bittner, MD, PhD; Ross Zafonte, DO; J. Perren Cobb, MD; ocused on goal-directed early

Matthias Eikermann, MD, PhD mobilisation of surgical ICU patients

Matthew J Meyer,” Anne B Stanislaus,’ Jarone Lee,” Karen Waak,” Cheryl Ryan,*
Richa Saxena,’ Stephanie Ball,* Ulrich Schmidt,” Trudy Poon,’ Simone Piva,”
Matthias Walz,® Daniel S Taimor,” Manfred Blobner,? Nicola Latronico,®

Matthias Eikermann'-®



SICU Optimal Mobilization Score (SOMS) predicts
morbidity and mortality in the ICU (CCM 2012)

The surgical intensive care unit optimal mobility score predicts

mortality and length of stay

George Kasotakis, MD; Ulrich Schmidt, MD, PhD; Dana Perry, RN; Martina Grosse-Sundrup, MD;
John Benjamin, MD; Cheryl Ryan, RN; Susan Tully, RN; Ronald Hirschberg, MD; Karen Waak, DPT;
George Velmahos, MD, PhD; Edward A. Bittner, MD, PhD; Ross Zafonte, DO; J. Perren Cobb, MD;

Matthias Eikermann, MD, PhD

Table 1. Patient demographics (during the first full day in the surgical intensive care unit) and
outcome variables taken on day 1 after admission to the intensive care unit

Variable Measure (Mean * sD) Range

Age 602 ~ 18.1 18-93
Male:female ratio 584 (n = 66):41.6 (n = 47) Not available
Acute Physiology and Chronic Health 15.68 = 6.9 3-32

Evaluation II score
Comorbidity index 229+ 185 0-10
Vasopressor therapy 49.6% (n=56) Not available
Ventilator days 3.19+248 0-10
Renal replacement therapy 2.7% (n= 3) Not available
Delirium 18.9% (n=21) Not available
Achieved surgical intensive care unit optimal 2+146 14

mobilization scale
Surgical intensive care unit length of stay 5.21 =526 1-31
Hospital length of stay 14.1 = 1131 1-61
Mortality 9.7% (n=11) NA

A

Mortality
[per cent]

35 4

30 4

25 4

6/19 patients

1/22 patients

0/16 patients 0/27 patients
SOMS 0 SOMS 1 SOMS 2 SOMS 3 SOMS 4



Walking

4

Passive
Mobilization

No mobhilization
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Intervention

" Multidisciplinary team

" Nursing, clinicians, PT (when consulted), study
staff

" Daily Work

" Rounding tool: SOMS goal set in AM by
multidisciplinary team and plan created to achieve
goal

"Work towards goal throughout day
" |dentify barriers and work around (‘sedation’)
"Score SOMS in PM by day RN

"List barriers on score sheet if goal not met



Study Population

" >18 yearsold

" <48hrs of mechanical
ventilation with likely
continued mechanical
ventilation >24hrs

" Baseline functional
independence (Barthel > 70)

"  Determined at time of consent
from patient’s health care proxy;
frame of reference 2wks prior to
hospital admission






Baseline Data




Achieved mSOMS

Mean achieved SOMS

Control

Study
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Days with mechanical ventilation
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Medical Research Council (MRC) Evaluation

0. No contraction
1. Contraction, no active movement .
2. Active movement that cannot overcome gravity
3. Active movement that can overcome grawvity

4. Active movement against gravity and resistance

5. Normal muscle strength

MRC: Medical Research Council.

Arm
Abduction

Wrist
Flexion

Wrist
Extension

Leg
Flexion

Knee
Extension

Dor sal
Foot
Flexion

SUM




Missings or Unable to test:
almost 50% in both groups
MRC

60

40

Mean MRC (SICU)

20
|
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Control Study
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SICU mmFIM Total

FIM during SICU stay

Control

Study



FIM during Hospital Stay
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Control
Study

Other variables: Drugs used in ICU

Opiod Benzo- Pressor Anti-- Sedation Delirium
psychotic

Days Days Days Davs Days Days

(SICU) (SICU) (SICU) (SIgU) (SICU) (SICU)

8.565217 0.833333 4.326087 1.851064 6.133333 1.707317
5.744681 0.416667 2.638298 2.0625 4.291667 1.479167

1 1 1



SOMS is an an international, multicentric RCT

Hypothesis generating part Genetic testing

" To get mechanism-based exploratory data
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External centers

Munich ® Brescia

® German validated study completed (n=120) ® [talian validation study completed

" |RB for RCT approved (last week) " |IRB submitted

B Recruitment will start next week



Conclusion

Keep your patients moving Get more evidence

" Bed-rest is associated with morbidity " Effects of early mobilization on mortality
and long-term morbidity.

® Early mobilization improves outcome
® Does-response relationship.

" Get the patient out of bed
" Test effects of different ventilator patterns

" Do we need sedation / opioids today? on ventilator-induced diaphragmatic injury.
® Do we need neuromuscular blockade? ® Test sedation protocols.
" Do we need controlled ventilation today? ® Early oral food intake: Network with

speech therapists.
® Can we extubate the patient today?



