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“SURVIVORS of
CRITICAL ILLNESS:
VICTIMS OF OUR

SUCCESS?”

= McGovern M. et al.
=21 British Journal of
4 General Practice,

" 2011
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Post Intensive Care Syndrome

Needham DM
Crit Care Med 2012 Post Intensive
Care Syndrome

(PICS)
[
I |
Family Survivor
(PICS-F) (PICS) Post-ICU Care Continuum
[ | ? Herridge SM. and
Mental Health Mental Health Cognitive Impairments Physical Azoulay E.
Anxiety/ASD Anxiety/ASD Exeﬂ;\tdlve Function Impairments NEJM 2023
PTSD T Cmory Pulmonary
Depression d SP Vii\:lt:-l;tlggal Neuromuscular
Complicated Grief Depression Mental Procesl:sing Speed Physical Function

ASD: acute stress disorder, PTSD: post traumatic stress disorder _
Cheryl Hickmann O. - PT, PhD
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Patient (ICU Survivor)

Neuromyopathies
(ICU-acquired

« Pressure injuries

Physical sequelae « Entrapment neuropathy

W e a k n e S S ) « Frailty « Persistent pain, inflammation
+ Neuromyopathies (ICU-acquired weakness) ~ + Heterotopic ossification, frozen
- Cognitive dysﬁmmon joints, contractures

\ 4

Critical illness

« Oral injuries, tooth loss, gingival disease + Endocrinopathies
« Poor cosmesis, scarring from tracheostomy, * Dysphagia .
arterial and central lines, and ECMO sites  * Nutritional compromise
« Procedure-related trauma (tracheal stenosis, * Taste, hearing, vision changes

vocal chord dysfunction, incontinence, rectal + Kidney dysfunction, dialysis o '
and urethral trauma) dependence Nurses, ICU Physicians and Trainees,
weakness (CIW) Respiator Therapiss, and
Mood disorders Allied Health Professionals
+ Anxiety «PTSD + Suicidal ideation, suicide

+ Moral distress and injury

« Depressive symptoms  « Insomnia, nightmares  « Substance use disorder S Rorrectics: Sl nanririisde cure

Latronico N. « Complex care transitions « Financial stress and protracted patient suffering
. + Increased health care use and cost  « Inability to or a delayed return to work » Burnout, anxiety, fatigue, exhaustion
Crit Care 2023 - N - + Absenteeism and intent to leave job
Caregiver . Children ) « Leave of absence or delayed retum to work
« Increase in 4-yr mortality  + Prolonged, complicated | |+ Risk of intergenerational trauma
with high caregiver burden = grief « PTSD, anxiety, depression from: » Depression
and stress Suicidal ideation, suicide « Increased threat activation, decreased « PTSD
» Anxiety « Substance use disorder emotional regulation related to sudden « Suicidal ideation, suicide
b Depressive symptoms « Financial stress death, severe disability of parent SUbtneslise dicorder
PTSD « Leave of absence or « Separation from parent, witness to Dl ki of Faiige. pameding
Panic disorder delayed return to work protracted suffering of parent 7 : it A
Azoulay E. 4 | y .p (s) with mental health disorders, work and social relationships
NEJM 2023 substance use disorder . B
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Impaired perfusion
€< and oxygen delivery (‘(m

Nerve mitochandnal Sedium channel
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Mitochondrial Hyperglycemia
dysfunction
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Accumulation of damaged
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Insufficient autol
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Changes in membrane
and ion channel function

Myofibril

Kress and
Hall. NEJM
2014
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CIW diagnosis

MRC sum score
Dynamometry
Twich

uUsS

Piva S., et al.
F1000Research 2019
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Condition

Intensive care unit-acquired
weakness (ICU-AW)'~

Diaphragmatic weakness (DW)"

Critical illness polyneuropathy
(CIP)

Critical illness myopathy (CIM)'

Combined critical illness
polyneuropathy and myopathy
(CRIMYNE)'

Clinically detected, diffuse, symmetric
weakness involving all extremities and
respiratory muscles arising after the
onset of critical illness

Reduced pressure-generating capacity
of the diaphragm and a decreased
diaphragm thickness and thickening
fraction after initiation of mechanical
vantilation

An axonal, sensory-motor
polyneuropathy with reduced nerve
excitability and loss of axons with
preserved myelin sheet

A primary acute myopathy with reduced
muscle membrane excitability and loss
of myosin filaments, fiber atrophy, and
necrosis

Combined CIP and CIM

Table 1. Definition and diagnostic criteria of intensive care unit-acquired weakness, diaphragmatic weakness, critical illness
polyneuropathy, critical illness myopathy, and combined critical iliness polyneuropathy and myopathy.

Diagnosis

c¢) Medical Research Council (MRC) sum score of less
than 48/60 or mean MRC score of 4 in all testable
muscle groups

d) Dominant-hand handgrip dynamometry scores of less
than 11 kg (interquartile range (IQR) 10-40) in males
and less than 7 kg (IQR 0-7.3) in females

d) Endotracheal tube pressures less than 11 cm H,O
after bilateral phrenic nerve magnetic stimulation
during airway occlusion

e) Diaphragm excursion at muscle ultrasound less than
11 mm during tidal breathing

f) Diaphragm thickening fraction at muscle ultrasound
less than 20%

Reduced amplitude of compound muscle action
potentials and sensory nerve action potentials with
normal or mildly reduced nerve conduction velocity on
electroneurography

Reduced amplitude of compound muscle action
potentials and normal sensory nerve action potentials
on electroneurography and reduced muscle excitability
on direct muscle stimulation and myopathic motor unit
potentials on needle electromyography

Reduced amplitude of compound muscle action
potentials and sensary nerve action potentials combined
with myopathic features on needle electromyography

réanimation 2024
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=30+
T T T T Conclusion
Days from ICU admission Critically ill patients suffer from early and marked mus- Fazzini et al.
NRECA 210 247 201 o cle wasting. Ultrasound is the most used assessment tool Critical Care
KD e nE2 2 in evaluating loss in_muscle mass over time. The mus- (2023)
SR RSk s - cle mass is about]2% per day, fbut this rate is different
:':t')z ,Lot?s n m“SC'etmassozom fayf] to d_"“yF:s of ICU adtr_mss'lo”' between muscles and depends upon the measurement
reviations: percentage, 7o, rectus remaoris: kr; cross-sectional area: . ..
CSA, thickness: Th, quadriceps muscle layer thickness: QMLT; biceps taken. The prevalence of ICU-AW is 50% amongst criti-
brachii: BB cally ill and those have worst outcomes.
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Severity

Muscle wasting occurred early and rapidly during the first week of critical illness and
was more severe among those with multiorgan failure compared with single organ

failure.

104

< Singléorganfailure :

-10-
Multiorgan failure

(2-3 organs)

Cross Sectional Area

Percentage Change in Rectus Femoris

=20 -
Multiorgan failure
(4-6 organs)
-30- -
C
Puthucheary ZA. -40 ' ' . . . . - - . :
1 2 3 4 5 6 7 8 9 10

Jama 2013
Time From Admission, d

Cheryl Hickmann O. - PT, PhD
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Low muscle mass Low muscle strenght

Survival Functions

104 —n Muscle area
¥ ;..,ﬁ* (cm2)
.\‘.‘. W I Normal
" --u-»«-w} ‘Low
™ 4. aNa] +~ Normal-censored
08 o '_"“‘l - Low-censored
A‘"-,,_‘_ S S T
 os s last MRC in ICU >=48
Zz E I |ast MRC in ICU 36 10 47
3 N -IVlast MRC in ICU <36
€
O 04 +
:
00+ Hermans G. et al.
0 2 40 60 80 100 120 E AJRCCM 2014
Length of hospital stay, d ©
Table I. Consequences of lean body mass loss in critically ill
patients hospitalized in intensive care unit 0.4+
Loss of lean body mass Consequences o
10% Impaired immune system function 0 T T T T T T T
Weiis et al 20% Reduced vital lung capacity . o L m » o . . »
. J ) 30% Dependence on mechanical ventilation days
Critical Care >30% High risk of mortality

2014, Cheryl Hickmann O. - PT, PhD
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(Neuro)endocrine
alterations

yl Neuronal damage/dysfunction I
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| memisegmernsrcion | \/anhorebeek et al.
Intensive Care Med.
I Microcirculatory changes l 2020
Impaired perfusi >
| antongendobery [« (PG e
] :
v
Mitochondrial Hyperglycemia
dysfunction

@5 Gt

| | ATP | [tRosmNs ]—p[ ROS/RNS |
immobiiization

Disuse

Unloading
Mechanical ventilation
Functional denervation Accumulation of damaged
organelles and proteins
Insufficient autophagy
Muscle/nerve membrane

] in-hypoexcitability
- et

Disturbed 5
< itation-contraction [€— . "::.".,"'_:“ :
coupling e — \

Changes in membrane
and ion channel function

Fibres musculaires innervées 2
par un seul motoneurone

Neurosciences. Copyright © 2012 Sinauer/ 2015 De boeck Supérieur Muscle atrophy T Muscle function ¢
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SYSTEMES DESCENDANTS
Neurones moteurs suprasegmentaires

des mouvements volontaires

Cortex moteur

Planification, commande
et guidage

&=
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(GANGLIONS DE LA BASE)
Filtrage des commandes

appropriées du
début mouvement )
-

2

CERVELET
Coordination sensorimotrice
du mouvement en cours

Y,

Centres du tronc cérébral

Mouvements de base
et de controle postural

b

B

Neurones de circuits locaux
Intégration des afférences

4

—

|

Groupes
de motoneurones:
Motoneurones a

destinées aux motoneurones
CIRCUITS DE LA MOELLE

EPINIERE ET DU
TRONC CEREBRAL

Afférences
sensorielles

)

Cheryl Hickmanr

MUSCLES
SQUELETTIQUES
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CIW - Evaluation methods

Nerve stmulaton

Darect

muscle strmulaton

Normal Neuropathy Myopathy

Fig. 4.— Estimulacion mixta, nerviosa y muscular directa (Ref. 45).

The majority of patients had reduced nerve conduction amplitudes
within 3 days of hospital admission for sepsis.
We report here that patients with low NCS amplitudes early in the
course of sepsis have an increase in mortality.
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Muscle evaluation methods

réanimation 2024

Non volitional methods

- EMG Gold standard CIP/CIM diagnosis
- BIA at free mass, hydric balance
-  TAC Gold standard muscle mass

-  Skeletal muscle/nerve biopsy

Gold standard Structural disruption
Biochemical analyses

- Ultrasound (peripheric
/respiratory muscles)

Qualitative (echogenicity)
Quantitative (Cross sectional area
(CSA), thickness, thickening fraction)

- Inspiratory Muscle evaluation

Diaphragmatic function (twitch, US,
invasive pressure monitoring...)

Volitional methods

-  Skeletal muscle strength MRC-sum
Dynamometry (hand, some
movements)

- Functional scores During ICU:

PFIT-s, FSS-ICU, CPAX...

Ward/Rehabilitation > Community:
6-min walking test

Movement sensor technologies
Frailty scales

SPPB...

SF-36 physical dimension

Cheryl Hickmann O. -

PT, PhD
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CI \N - Evaluatlon metho ds Muscle evaluation methods
Non volitional methods
- EMG Gold standard CIP/CIM diagnosis

Fat free mass, hydric balance

° ° /4 - . old standard muscle mass
B 10 = lmpedance (B IA) -  Skeletal muscle/nerve biopsy Gold standard Structural disruption

Biochemical analyses

) L : | - Ultrasound (peripheric Qualitative (echogenicity)
Ligne de courant J MK “ | L Mainlvase callkilae /respiratory muscles) Quantitative (Cross sectional area
S (basse fréquence) i JI\ A\, (CSA), thickness, thickening fraction)
(Fluide extracellulaire) : o : ' _(*_\ - Inspiratory Muscle evaluation Diaphragmatic function (twitch, US,

w " '\ = «++— Fluide intracellulaire invasive pressure monitoring...)
il ° MO Volitional methods

A A S\ e sarscailalns - Skeletal muscle strength MRC-sum

* =\ A Dynamometry (hand, some

Ligne de courant ‘ {f} l Lo
=% =~ (hautefréquence) j | | bl _ movements)
L. - Functional scores During ICU:
(Fluides extra et intracellulaire) ! ! ! \ \

* ' » PFIT-s, FSS-ICU, CPAX...
| A |

Ward/Rehabilitation > Community:
6-min walking test

Movement sensor technologies
Frailty scales

SPPB...

SF-36 physical dimension

Kyle UG,
Clin nutrition 2004

Cheryl Hickmann O. - PT, PhD
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CIW - Evaluation methods Muscle evaluation methods
Non volitional methods
- EMG Gold standard CIP/CIM diagnosis
- BIA Fat free mass, hydric balance
| - TAac__ | Goldstandardmusclemass ||
-  Skeletal muscle/nerve biopsy Gold standard Structural disruption
Biochemical analyses
- Ultrasound (peripheric Qualitative (echogenicity)
/respiratory muscles) Quantitative (Cross sectional area
(CSA), thickness, thickening fraction)
- Inspiratory Muscle evaluation Diaphragmatic function (twitch, US,

invasive pressure monitoring...)

Volitional methods

-  Skeletal muscle strength MRC-sum
Dynamometry (hand, some
movements)

- Functional scores During ICU:

PFIT-s, FSS-ICU, CPAXx...

Ward/Rehabilitation > Community:
6-min walking test

Movement sensor technologies
Frailty scales

SPPB...

SF-36 physical dimension

Looijaard et al. Critical Care (2016) Cheryl Hickmann O. - PT, PhD
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Puthucheary 7ZA. Jama 2013

C IW - EV aluati On metho d S I Figure 4. Muscle Biopsy Specimens From a Representative Patient on Day 1and Day 7

Day1

-

Biopsie Musculaire

g = =

Puthucheary
ZA.CCM 2015

e

macrophage origin (red). A, B are hematoxylin and eosin stain, and C, D was

Cheryl Hickmann O. - PT, PhD

Healthy muscle is seen on day 1 (A, C) with necrosis and a cellular infiltrate on immunostaining, with CD68 for red, laminin (myofiber outline) for green, and
day 7 (B, D). This infiltrate was CD68 positive on immunostaining, indicating 4'6-diamidion-2-pheylidole (a nuclear marker) for blue.
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Biopsie musculaire

Control group Control group Intervention group Intervention group
Day1 Day7 Day1 Day7

Figure 3. Muscle fiber cross-sectional area changes by group. Skeletal muscle sections stained with adenosine triphosphatase pH 4.50; black fibers
correspond to type-| fibers; gray fibers are type-llb fibers and; pink fibers correspond to type-lla.

TABLE 2. Changes in Cross-Sectional Area by Groups

Control Group (n = 9), Mean % sp Intervention Group (n = 8), Mean % sp
Day 1 Day 7 Day 1 Day 7
All fibers types (um?) 3,603+ 1,284 2,629+ 1,1742 3,448+ 1,993 3,770+ 1,473 0.01
Type | fibers (pm?) 4236+1,379 3,135+1,103¢® 4250+1977 4678+1,189 0.02
. Type-lla fibers (um?) 3949+ 1,447 2744 £ 1,260 2,574+ 856 2920+ 745 0.003
Hickmann CE,
Crit Care Med Type-llb fibers (um?) 2624+1,243 2,006+ 1,286 2,082+1,083 2576+948 0.04
2019 *Different than day 1 (p < 0.05).

bp of the difference between groups changes, no differences were detected between groups at day 1 in any fibers type.
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Figure 3. Representative paired ultrasound and hematoxylin and eosin stained sections of a patient on day
1 and day 10, demonstrating the reduction in rectus femoris (RF) cross-sectional area, an increase in RF
echogenicity and the presence of myofiber necrosis with cellular infilirate on day 10. B = femoral bone,

F =fascial layer, VI = vastus intermedius.

Puthucheary ZA.
CCM 2015
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Muscle evaluation methods

Non volitional methods

- EMG

Gold standard CIP/CIM diagnosis

- BIA

Fat free mass, hydric balance

Figure 2. Measurements of Muscle Wasting During Critical lliness

Gold standard muscle mass

E Change in rectus femoris (RF) cross-sectional area (CSA) over 10 d

1]
=L
L
(]
£ =104
w
=
=
(]
&
=
E -20 4
T b
'30 T T T T T T T T 1
1 2 3 “ 5 [ 7 ] 4 10
Time From Admission, d
Mo. of patients 62 57 &0 62

Measures of muscle wasting in patients assessed by all 3 measures
on both day 1 and day 7 {n=28)

100+
50

a
W j—e e S
L (] E E

_SD -

-100
RF CS4 Fiber C5A Ratio of Protein
to DNA

Movement se-nsor technologies
Frailty scales
SPPB...

SF-36 physical dimension

I
Cheryl Hickmann O. - PT, PhD
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Ultrasonography

Skeletal Muscle Ultrasound in Critical Care: A Tool in Need
of Translation

Marina Mourtzakis®, Selina Parry?, Bronwen Connolly>>“® and Zudin Puthucheary*®

Ultrasound for Skeletal Muscle Measurements

v Grade Il Grade IV
| Muscle Quantity | [ Muscle Quality |
l Y l Y L4
Cross-Sectional . Volume Muscle Physiology/ .
Area Thickness (e.g., mass) Biomechanical Fh;’lgta;ﬁgz
| ‘ Properties P

Mortality : l Y l l l

ot Pennation Fascicle Elastography Fatty Myonecrosis
Ventilation-free days Angle Length Infiltration

Hospital Length of stay

ICU-free days |

h 4

Impaired Muscle Function?
Impaired Clinical Outcomes?

AnnalsATS Volume 14 Number 10| October 2017
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US peripheral qualitative and qualitative

Table 2

Percentage change in ultrasound muscle parameters over the first 10 days of the ICU

admission
U5 muscle parameter measured Day 3 Day 5 Day 7 Day 10
RF thickness —8.7k —16.6% — 24 9% —30.4%
VI thickness —1.3% —18.1% — 20.0% —28.7%
VL thickness —0.2% —5.7% —B.0¥ —14.1%
BF CSA —1.0% —11.8% —16.8% —20.5%
EF echogenicity +2.8% + B8.8% +9.6% +12.7%
VI echogenicity +4.0% +7.1% +13.6% + 25.2%
YL pennation angle +4.9% + 18.5% +1.4% —7.3%
sSubcutaneous tissue thickness +7.3% +15.7% + 30.4% + 30.4%

Day 3 measure is a percentage change from baseline.

Parry S. Journal of Critical Care 2015
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Muscle evaluation methods

Non volitional methods

-  BIA Fat free mass, hydric balance
s Ak
steroid- atives
Gcais) -  TAC Gold standard muscle mass
- Skeletal muscle/nerve biopsy Gold standard Structural disruption
Biochemical analyses
pathophysiology « decreased limb + diaphragm unloading - Ultrasound (peripheric Qualitative (echogenicity)
motion * excessive effort and . . . .
* increased catabolism asynchrony /respiratory muscles) Quantitative (Cross sectional area
Bk (CSA), thickness, thickening fraction)
not always ‘ ‘ - Inspiratory Muscle evaluation Diaphragmatic function (twitch, US,
associated
invasive pressure monitoring...)
ICU ired Critical ill iated H'H
[ el Nnses Besocia ] Volitional methods
. - Skeletal muscle strength MRC-sum
diagnosis i MRCss + Hand grip dynamometry ‘— Pdi,w< 10cmH20 /L Dynamometry (hand, some
| gl PENT bl Eadi movements)
i =& Electrophysiological testing Excursion < 1cm - Functional scores During ICU:
| Ultrasound thickness | Thickness fraction < 20% PFIT-s. FSS-ICU. CPAx
+/- SWE, Tdi ’ T A
prognesis (_ tongerhospialstay ) aneses (__tonger mecharical ventlation ) Ward/Rehabilitation > Community:

Le Stang V. Curr Op
critical care 2024

6-min walking test

Movement sensor technologies
Frailty scales

SPPB...

SF-36 physical dimension

Cheryl Hickmann O. - PT, PhD
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Diaphragmatic dysfunction

Ultrasound Electrophysiological

e EMG post phrenic stimulation

Clinical symptoms « Thickening fraction < 20%

TF =TEIl - TEE
e Paradoxical abdominal breathing ? Axonopatty
and or Myopathy

Phrenic EMG signal post neck stimulation

e Twitch Pdi post phrenic nerve

stimulation < 10cmH;0 ._

e Diaphragm excursion < 1cm

Le Stang V.
Curr Op inspiration
critical care V
2024  Orthopnea
.\ AL Evaluation during
e, spontaneous ventilation :
o with PEEP 0cmH20 and r il
Normal  Diaphragmatic

no pr r
O/pressure support dysfunction

réanimation 2024

JUIM

N\

PARIS 12-14

Poulard et al. J
Physiol 2020

Qesophageal ballon catheter
Gastric balloon catheter
Diaphragm

Ultrasound probe

Cervical magnetic
stimulation

Onset of ultrasound
recording

T 1
100 500

Tima {ms})
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Stimulation magnetique transcutanee

Published in final edited form as:
Miscle Nerve. 20018 May ; 575k 784791 doi: 10 1002/ moms 26026,

N Angle of knee
flexion (90°)

New device for nonyvolltlonal evaluation of quadriceps force In
ventllated patlents

Franco Laghl, MD'<, Najesb Khan, BS', Thimothy Schnell, MD'<, Dinas Alexonis, MD "2,
Kendra Hammond, MD®, Hameeda Shalkh, MD"-2, Eleen Collins, PhD', Amal Jubran, MD'2,

and Martin Tobin, MD 12
1Hines, Vistetana Affairs Hoapital (111N), 57 Ave & Roosevelt Ad, Hines, IL 60141

ZLoyola University, 2160 South First Ave, Building 54, Room 131A, Maywood, IL 80153
*National Jewizh Health, 1400 Jackzon St.. M329, Denver, CO 80206
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Lien therapeutique

e Contact direct, stimulation tactile et verbale.

Connexion thérapeute-patient = Empathie (soft skills)

<\

réanimation 2024

PARIS 12-14 JUIN

Cheryl Hickmann O. - PT, PhD
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5 questions standardisees"” (S5Q)

pour évaluer la coopération.

Cing commandes :

Ouvrez/fermez vos yeux

Regardez-moi

Ouvrez votre bouche et tirez la langue

Faites un signe de téte

Levez les sourcils lorsque j'aurai compté jusqu'a cing

Ces mouvements impliquent les muscles du cou et
du visage, qui sont généralement épargnés dans le
contexte d'une faiblesse musculaire a la suite d'une
maladie critique.

De Jonghe B. crit

Cheryl Hickmann O. - PT, PhD care med 2007
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Douleur

PAIN SCALE

Enter your sub headline here

S S O O S

No Discomforting Distressing Intense Utterly Unimaginable
Pain Horrible Unspeakable

Very Tolerable Very Very Excruciating

Mild Distressing Intense Unbearable
Deliri

elirium

Escala Acrénimo Estudio validacién
Cognitive test for delirium CTD Hart et al.*?
Abbreviated cognitive test for delirium Abbreviated CTD Hart et al.”
Confusion assessment metod for the Intensive care unit CAM -ICU Ely et al.*Ely et al.**Pun et al.*
Intensice care unit delirium screening checklist ICDSC Bergeron et al.”’
NEECHAM scale NEECHAM Csokasy et al.**Immers et al.*
Delirium detection score DDS Otter et al.®

Cheryl Hickmann O. - PT, PhD
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Behavioural Pain Scale (BPS)

D Olll Cur Description Score

Facial Relaxed

expression Partially tightened
Fully tightened
Grimacing

Upper limbs No movement
Partially bent
Fully bent with finger
flexion
Permanently
retracted

Compliance with Tolerating movement 1

ventilation Coughing but
tolerating ventilation
for most of the time
Fighting ventilator
Unable to control 4
ventilation

y

W N = A WN=

e

e -4

HN

R ' "" '\"
1

(O8]

Pain grade: presence of pain >6/unacceptable pain >7/objective
Cheryl Hickmann O. - PT, PhD <6.
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Muscle evaluation methods
Testlng musculalre Non volitional methods
- EMG Gold standard CIP/CIM diagnosis
MRC SUIMM-SCore. - BIA Fat free mass, hydric balance
48/60 sienificant weak - TAC Gold standard muscle mass
<
SISIITICANT Weakness -  Skeletal muscle/nerve biopsy Gold standard Structural disruption
<36/60 severe weakness Hermans G. Muscle Biochemical analyses
Nerve, 2012 - Ultrasound (peripheric Qualitative (echogenicity)
/respiratory muscles) Quantitative (Cross sectional area
(CSA), thickness, thickening fraction)
- Inspiratory Muscle evaluation Diaphragmatic function (twitch, US,
invasive pressure monitoring...)

Volitional methods

|- Skelotal musols swrength

Dynamometry (hand, some
movements)

- Functional scores During ICU:
PFIT-s, FSS-ICU, CPAx...

Ward/Rehabilitation > Community:
6-min walking test

Movement sensor technologies
Frailty scales

SPPB...

SF-36 physical dimension

Cheryl Hickmann O. - PT, PhD
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Dynamometrie
The integration of grip strength with

Handgrip , ng

i , diaphragm ultrasound exhibited a Zhang Q. )
MESURE la Force de prehension heightened capacity to enhance the Multidiscip
isométrique maximale du coté dominant. diagnostic value specifically in patients He;g;cl E

diagnosed who are critically ill with ICU-AW.

Male Female
1.0 1.0
1.0 - 4| " /V
| | |—‘
0.8 [
0.8 0.8 [
/ &
i | 0 06
i) 0.6
5, 8 > ‘ 2
& = S
> 3 =
e — =
2 g L 2
C [ = o)
% ] B D o4
D 04 7 N 04 X
J Grip strength value combined with DTF AUC=0.906 ~— Grip strength value combined with DTF AUC=0.964
y o —— Grip strength value combined with DE AUC=0.896 r Grip strength value combined with DTF AUC=0.872 Grip strength value combined with DE AUC=0.959
r L/ — Gripstrength value AUC=0.889 [ Grip strength value combined with DE AUC=0.877 Grip strength value AUC=0.929
0.2 ,/ DE AUC=0.707 0.2 ~— Grip strength value AUC=0.875 0.2 DYE ALCE0.751
= // DTF AUC=0.705 : DE AUC=0.737 —— DE AUC=0.624
/ Reference line DTF AUC=0.661 — Reference line
///'
0.0* 0.0 0.0
0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity 1 - Specificity 1 - Specificity

Comparison of diaphragm ultrasonography and handgrip dynamometer ROC curves for the identification of ICU-AW in patients who are mechanically
ventilated. Abbreviations: ICU-AW, ICU Acquired Weakness; DE, Diaphragmatic excursion; DTF, Diaphragm thickening fraction.
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Dynamometrie
Handheld

Valeurs exprimées en pourcentage des
valeurs de référence.
Collaboration (S5Q)

Wrist
200 200
o~ o~ o~
: e = .
150 150 °
cz» - Ezoo ;o g
100 150 100
£ 2.3 5 $ 2 2l
O 5 ° o . O 5
50 .
L]
0 0 0
r e — | W I . . Y el e, —
0 50 100 150 200 250 0 50 100150200250300 350 0 50 100 150 200 250
Observer 1 Observer 1 Observer 1
Hip Knee Ankle
250 e 300 250
° 250 °®
o 200 % & . o 200 .
- =~ 200 -
g 150 .‘ g S e g 150 ¥ 1
%7 o 150 ° %
& 100 b @ 2 30. & 100 }"
o oo 100 ’ r-] o
(o] ® ° (o]
501 % 50 ” 50 ’ M
®
0 0 + 0
r—reeerrTrTTT T | S e S S s — | S IR (SN RS e |
0 50 100 150 200 250 0 50 100 150 200 250 300 0 50 100 150 200 250
Observer 1 Observer 1 Observer 1

Figure 1. Identity plots of six muscle groups: shoulder abduction, elbow flexion, wrist extension, hip
flexors, knee extension, and ankle dorsiflexion.
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Dynamometrie

Adaptations en
réanimation

Adjuvant bars and clomps

irfec .
iLc EpIC

URA SKR#®

mon hépital

ociété de Kinésithérapie de Réanimation

Rousseau,
A.F et al.
Acta
Anaesthesiol b

= Fix the device on the bed’s lateral trails

- Adjust bars to get a 45° hip flexion and

40" knee flexion at both legs

= Put the dynamometer at the anterior face

of the ankle, two fingers above external
malleolus level (dominant leg)

- Perform 3 progressively intensified warm-

up trials, before 3 maximal contractions
sustained during 6 seconds

- Provide standardized indications and

encouragements

Vertical rod Central plain bar

. Belg. 2018,

o
[ X X Xeo]
[ X X+
Wallonie - Bruxelles
International.be

réanimation 2024
BARIS 12-14 JUIN

o

o H90-K90 (seated) position

° H45-K40 (supine) position

Fig. 1 lllustration of the testing structure, participant positioning and operator positioning in the H45-K40

(s H90-K50 (8) potions
In the ICU, the conditions OB Y
make it easier to measure "-_J'
QS in supine position for o %)
an early assessment, and Tiopg =t
further measurements E?ﬂ’. :
should be performed in Rousseau et al.
the very same position, Intensive Care
even if patients could Medicine
then be tested in other Experimental
positions. 2023

Cheryl Hickmann O. - PT, PhD
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Muscle evaluation methods
Non volitional methods
- EMG Gold standard CIP/CIM diagnosis
- BIA Fat free mass, hydric balance
* Proxy / patient report of ADL function (e.g. Katz, Lawton
IADL, baseline evaluation of FSS-ICU) - TAC GOl'd standard muscle mass
. :’c';’;‘)””“’ mobility, comorbidities, frailty (Clinical Frailty - Skeletal muscle/nerve biopsy Gold standard Structural disruption
* Employment, education, living circumstances Biochemical analyses
- Ultrasound (peripheric Qualitative (echogenicity)
/respiratory muscles) Quantitative (Cross sectional area
* Screening to determine mental capacity for functional (CSA), thiCkneSS: thiCkening fraCtion)
assessment: _ . . . . . N
SRR S P S e i s Inspiratory Muscle evaluation !Z)lapk.lragmatlc functlo.n (tYVItCh, us,
ICU admission « Sedation level: RASS or SAS invasive pressure monitoring...)

* Delirium: CAM-ICU or ICDSC cas
* Muscle Strength: Medical Research Council sum-score Volitional methods

* If awake can use measurement instruments below - Skeletal muscle stre ngth MRC-sum
Dynamometry (hand, some

* Physical function measured using one of the following: CPAXx,
FSS-ICU, PFIT-s or IMS - choice of instrument may depend on

purpose of assessment e.g. Functional scores
- * Mobility only: IMS
Duri ng ICU « Strength + Mobility: PFIT-s, CPAx PFIT-s, FSS-'CU, CPAXx...
* Respiratory + Mobility: CPAx
* Detailed physical functioning evaluation: FSS-ICU, PFIT-s
* Repeat evaluation at least weekly and/or ICU discharge

Ward/Rehabilitation > Community:

6-min walking test
Movement sensor technologies
Frailty scales

Parry etal. SPPB...
r Critical Care SF-36 physical dimension
(2017)

Cheryl Hickmann O. - PT, PhD
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La perte de fonctionnalit¢ et nos objectifs de traitement.

Functional status ICU stay

Dépendent ey —
c¢galement de 1’état

p réalable é la Young subject with altered
maladie critique. v sty

-
e
-
-
-
-

acute illness effect

Rate & duration
of recovery

acute illness effect

Elderly subjectwith | - -
severely altered pre- - \

morbid status Rate & duration B
of recovery
ICU stay

combined acute &
persistent illness effect

Rate & duration
of recovery

Latronlco N et al.
Intensive Care
Med.2017
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Admission to Time of Ward/ Return to
Pre-ICU . e .
. ICU awakening Rehabilitation community
Al g Orlthm e Premorbid function (as Patients unable to actively As determined by Patient is no longer Patient reintegration back
determined by surrogate) Participate in assessment due screening criteria i.e. De critically ill requiring into society, community
to severity of illness, sedatives  Jonghe > 3/5 and CAM ICU intensive care unit level of and family roles
and/or reduced consciousness assessment for delirium care
IMPAIRMENT

Ultrasound Ultrasound HGD

Biocimpedance MRC sum-score™® HHD

spectroscopy HGD* / HHD 5 times sit to stand

MCS/EMG Frailty scales

ACTIVITY LIMITATION

Katz ADL Functional mobility TUG test, DEMMI, Mohbility and Balance
Lawton IADL PFIT-s. ESS-ICU, CPAx SPPB BMWT, ISWT, ESWT
Clinical Frailty scale Frailty scales DEMMI, SPPB, Berg Balance
Functional comaorbidity Physical Activity 6MWT, 10MWT Scale
index Movement sensor Movement sensor Elderly mobility scale
Charlson Comorbidity technologies to monitor  technologies Movement sensor
index physical activity technologies, physical

activity gquestionnaires

PARTICIPATION RESTRICTION

Barthel Index Return to work,

FIM recreational and sporting
pursuits, family and
community, falls risk,

Parry SM IntenSiVG health system utilisation,

guality of life, satisfaction
Care Med (2015) Cheryl Hickmann O. - PT. PhD guestionnairas
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La perte de fonctionnalite.

* Les trajectoires individuelles sont

différentes.

The Big Hit

Acute
lliness

Effect

ritical lliness

—

= = . __PeakRecovery Effect

-—

Rate & Duration
of Recovery

Big Hit — Peak Recovery Effect |

A
(o]
£
c
0
3]
c
-}
L
iy
[m]:oAs
lwashyna TJ.
AJRCCM [ [
2012

Cheryl Hickmann O. - PT, PhD
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The Slow Burn

Lritical lliness
"-I- -
'\;"
Difference in

Long-term
Trajectory

Acute
lliness

Effect

Actual Long-term
Trajectory

] 1 | .
Ll

Slow Burn —= Difference in Slopes

! 1 | 1
0 5 1
Time (years)

Relapsing Recurrences
F

iCritical lliness

1

Acute
lliness

Effect

Actual Long-term
Trajectory

Relapsing Recurrences — Area Under the Curve

1 1 1 1 1 1 1
1 1.5 2

A J

.5
Time (years)
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Take home messages:

L'évaluation et le suivi de la fonction neuromusculaire
du patient critique revét une grande utilité pour :

Prévention des complications: surveillance
rapprochée

Permet de personnaliser les soins en fonction des
besoins individuels du patient.

Evaluer est essentiel pour optimiser les soins,
favoriser la recupération et ameliorer les résultats 3

long terme pour les patients.
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9th European Conference ®n Weaning

and Rehabilitation in Critically-ill Patients
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