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1 AlayvwoTIKA Tipooaéyyion

1 BpaxumpoOeopec KAl HAKPOTIPOOEOHEC
ETUTITWOEIC

1 AVTIHETWTTION



Taxeia anwAeia PHUTKAC palac o aoOeveic
UE TTapaTEIVOUEVN ohyn...

Osler W. The principles and practice of medicine, 1892



APXIKEC TAPATNPNOEIC

1 MacFarlane et al.
Lancet 1977

-OAA + MV
-KopTikocidh + NMBA

-AUokoAo weaning,
TETPATTANYIA —>
LUEPIKA avavnyn og 2
HNVES

1 Zochodne et al.
Brain 1987

-2 opaph ohyn

-AUokoAo weaning,
XaAdph TeTpamdpeon
- avdvnyn oc 3-6
HNVEG



Opiouoc

H moAuveupopvomdBeia (critical illness
polyneuromyopathy, ) Tou Papéwg
ndoxovro¢/ICU-Acquired Weakness (

), €ival To KAIVIKO aUvOpopOo TO OTToi0
avanmTuooeTal o PApéwe TTAGOXOVTEC AdgOevEiC
UETA TNV g10aywyh Touc ath MEO Kai
XapakThpileTal amo
He ouvéTteld Th OUGKoAiId oTov
amod TOV AvaTveUoTApPd.



EnidnuioAoyika oTolxXeEia

1 Aidyvwon pe KAIVIKA KpITApIa:

Enimrwon oe aoBeveig UTO pnxavikoé agpiopd via 2 7
nuépec: 25%.
De Jonghe et al. TAMA 2002

2 € aoBeveic mou apépeivav otn MEO mepiocoTepo amo
10 nuépec: 23.8%.
Nanas et al. Acta Neurol Scand 2008
1 Aidyvwon pe KpITApId NAEKTPOPUGIOAOYIKOU EAEYXOU:
> £ aoBeveic pe ohyn kat MODS: 50-100%.
EmimTwon CIP oe aoBeveic umd pnxaviko aspiopo yia >
amoé 7 nuépec: 58%.
Leijten et al. JAMA 1995



KAIvikn gikova

1 [ evikeupévn HUTKA aduvapia

1 2 UPHETPIKA TTpoaPpoAn Twy dkpwyv (TTdpeon
EWC TeTpamAnyia)

1 Meiwpéva A kKaTthpynHéva avravakAaoTikd
1 Mn tpoaPpoAn HUWV TOU TIPOCWTTOU

1 AuokoAia amoydAdkTiopoU amd Tov
avamveuoThpd



TTapayovrec Kivouvou 1

1 2.UoTNHATIKA PAEYHOVA-2ZAYN

1 Baputnta vooou/MODS

1 Aidpkeia utooThApIENG HE ayyEI08pdoTIKA

1 Aidpkeia mapapoviAc oth MEG

1 RF-RRT

1 AKlvnToTroinon

1 Emimeda yAukolng

1 YmoaAPpoupivaipia

1 TTapevTepikh d1aTpoPh-YTTEPWOUWTIKOTNTA
1 ®dppaka-Tolikoi TapdyovTeg

KopTikoe1dA

Neupopuikoi amoKAEIOTEC

AHIVOoYAUKOGidEG
Schweickert & Hall, Chest 2007
Latronico & Bolton, Lancet Neurol 2011



TTapayovrec Kivouvou 2

1 MeydAn emimtwon CIPNM og moAuduvapun MEG
(23.8% oc 185 aoBeveic pe didpKela TApapHoVvAC
oth MEO 2 10 nuépec).

1 TTapdyovtec KivOUvou axeTi(OpevVol HE avdTTUC N
CIPNM: papuTtnTta vooou, Ahyn
apivoyAukoaidwy, urtepyAukaipia (Glu > 150
mg/dL).

1 2 £ aoBeveic pe Aiyotepo copapn vooo (APACHE
IT < 18), mpodiaOeoiko6¢ Tapdyovrac ATAv n
Gram (-) pakTnpiaiyia.

Nanas et al. Acta Neurol Scand 2008



TToAurapayovTikn n aiTiodoyia Tng CIPNM. Kevrpikoc o
poAoc TnC HikpokukAowopiac (?)
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TTaBoyuaoioAoyikoi pnxaviopoi

1 MiToxovOpiakn duaAsiToupyida
1 Alatapax£C HIKPOKUKAOWOPIAG
1 Atevepyomoinon d1aUAwyv Na

1 MUk atpoyia-AuZnon katapoAiopou
TTPWTEIVWYV
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IS Steroid-denervation animal model
Na,*-channels:
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For voltage-gated Na channels, a hyperpolarizing sh|f1' of
inactivation curves is induced in chronic sepsis and steroid-
denervation models of critical illness, thus reducing availability
of Na channels for action potential generation at resting

potentials. Physiol Rev 2015; 95:1025-109




Aiayvwon

1 KAivikp d1ayvwon

1 HAekTpOo@UOI0AOYIKOC EAEYXOC

1 TotoAoyikn €€Taon (Proyieg)

1 Aidkpion ToAuveupoTtdOeiac-HuomdOeiac

(?)



KAigaka tnc MRC (Medical Research
Council) yia Tn puikn 1ox0

1 0: mARpn¢ mapdAuon

1 1: opaTh pUIKA ocUoTtaocn Xwpic Th HeTakivhon
ToU HEAOUC

1 2: Kivnon Xwpic uttepviknon Tn¢ paputntag

1 3: uttepviknonh PapuTnTac

1 4. |.!£IUJ|J£'ZV"\ IKAVOTNTA YId UTTEPVIKNON
avTioTaonc

1 5. mARpNn¢ 1oxUC

Kleyweg et al. Muscle Nerve 1991
De Jonghe et al. TAMA 2002



‘EAeyxoc TnC HUIKAC 10XUOC HE ThV
KAigaka MRC
[

Méyioto aBpoiopa 60. Aiayvwon CIPNM oe Tipqn MRC < 48.



Auvapopétpnon kata tn xeipoAaPpn
(handgrip)

3  Opio Tn¢ aokoUpevng duvapng yia Tn d1dyvwaon Tng
TToAUpUOVEUPOTIAOEIag Tou Papéwg doxovrog: < 11 kg
yid Toug avdpeg Kai < 7 Kg yia TIG YUVAiKeG.

1 IToxuph ouoxéTion e TIC TIHEC TG KAipakag MRC
(r=0.643).

Ali et al. Am J Respir Crit Care Med 2008




MéTpnon Méviotne BionrveuoTikng
TTiconc (MIP)

1 XpnoIPoTroIEiTAl EKTIVEUOTIKA PaApida piac kaTeuBuvong
TTOU EKAEKTIKA ETITPETEI TRV EKTIVOR eUTTodilovTacg Thv
£10TIVONR,.

1 AuvaTtoTtnta péTpnong Tne péyiotng dUvapng Tou UTTopEi
va doknOei amd ToUuC €10TTVEUATIKOUC HUC.

1 EvaAAakTIKOC TPOTTOC 81AYVWONG TNG
TToAuveupopuoTtadeiag, oth B€on Tng KAipakac MRC,
TPWIHA, dKOUN KAl o€ doOeveic TTou eV €XOUV ETTAPKWCG
AQUTTVIOTEI KAl OEV gival oUVEPYATILOL.

Truwit & Marini Chest 1999



MIP - Aiayvwon CIPNM

1 Tign MIPuni via diayvwon
moAuveupopuomdBeiag: <36 cm H,O0.

1 Toxupn ouoxéTion peTtacl Twy Tipgwyv MIPuni
kai MRC scale yia tn puikn 1oxU (r =0.68).

Tzanis et al. BMC Anesthesiol. 2011

1 AoOevéaTepn ouoxX£ETION HETACU TWV TIHWY
MIPsta kai MRC scale yia Tn puikhi 1oxu (r
=0.35).

De Jonghe et al. Crit Care Med 2007



KapmUuAn Kaplan-Meier yia Tnv mi@avoTnta mapdapovig acBevoug og HNXaviko agpiopo
HETA TNV évapn Tou weaning avdAoya pe Tn MIPuni (6pio MIPuni 36 cm H,0)
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HAekTpouoioAoyikog EAeyXoc:



MeAETn aywyng veUpwyv

(nerve conduction studies)

1 Meiwon UYoucg TWV OUVAHIKWY EVEPYEIAC
TTOVU TtdpdyovTdl amo Th O1E€yepaon
TTEPIPEPIKWY VEUPWNV.

1 QuoioAoyIKA TaxuTNTA aywync
epeBioparoc.

Sander et al. Muscle Nerve 2002
Bolton CF, Muscle Nerve 2005

Latronico & Bolton, The Lancet 2011



AieyepoipdoTnra pHUOC

1 AuToparta 1vidikda duvapikd o€ npepida
(fibrillations/positive sharp waves).

1 ApOova, HikpAc O01dpKelag, XapnAd
OUVAUIKA EVEPYEIAC, ATIO TIC KIVATIKEC
Hovddec KATd Thv ekouaia cuaTttaaon.

Sander et al. Muscle Nerve 2002

Bolton CF, Muscle Nerve 2005
Latronico & Bolton, The Lancet 2011



IoToAoyikog €Aeyxoc: Bioyicc



NeUpa

EkpUAIONn Tou veupdfova (aigbnTikd Kai
KIVNTIKA veUpa) Xwpic oToixeia ¢AEYHOVAC
N amopueAivwonc.

Sander et al. Muscle Nerve 2002

Bolton CF, Muscle Nerve 2005



MUec

1 ATpopia HUTKWYV IVWYV Kupiwc TUtou IT.

1 Nékpwon Kai avayévvnon HUTKWY IVWV.

1 ATTWAE1d Ttaxiwy vidiwyv Huoaoivng.
(naeovkuovmé eUpnua)

1 Meiwpévn dpaoTikoTnTa ATPaong Twy
LUOTVIOIWV.

Sander et al. Muscle Nerve 2002
Bolton CF, Muscle Nerve 2005



Mikpd CMAP pe peyaAuTtepn didpkeia oe CIM (A) oe oxéaon pe

puaioAoyikd (B).

98.8 mA |
v 200 pV:

; 62.7 mA
*+ . =2 mr\r/] :
2mV |
5ms
—+ | R ...

Howard et al. Pract Neurol 2008



TToAuveupomtdOeia Ppapéwc Ttacxovra

Latronico & Bolton, The Lancet 2011




Muonaeela PapEwce naoxovm
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AiagopikA didyvwon TToAuveupoTtddeidc Kal HuoTtdOeiag
He dpeoo epeBOiopd veUpou/puoc

Nerve

: : / Direct muscle
stimulation /

stimulation

/ Recording

Nerve Direct muscle Nerve Direct muscle Nerve Direct muscle
stimulation stimulation stimulation stimulation stimulation stimulation

U VY

Normal Neuropathy Myopathy




Bioyia pudc-cikdva amé NAEKTPOVIKO HIKPOOKOTIIO. A: UAIOAOYIKOC HUG, B:
CIPNM.
AiakpiveTal n amwAgia Taxiwy vidiwv puoaivng.

Howard et al. Pract Neurol 2008



Diagnostic criteria for critical iliness polyneuropathy

1. The patient is critically ill (multiorgan dysfunction
and failures)

2. Limb weakness or difficulty weaning patient from
ventilator after non-neuromuscular causes such as heart
and lung disease have been excluded

3. Electrophysiological evidence of axonal motor and

sensory polyneuropathy
4. Absence of a decremental response on repetitive nerve
Stimulation

Definite diagnosis of critical illness polyneuropathy is established if all four criteria
are fulfilled. Probable diagnosis of critical illness polyneuropathy is established if
criteria 1, 3, and 4 are fulfilled. Diagnosis of intensive care unit-acquired weakness

is established if only criteria 1 and 2 are fulfilled.
Lancet Neurol 2011; 10: 931-41




Diagnostic criteria for critical illness myopathy

1. The patient is critically ill (multiorgan dysfunction and
failures)

2. Limb weakness or difficulty weaning patient from
ventilator after non-neuromuscular causes such as heart
and lung disease have been excluded

3. CMAP amplitudes less than 80% of the lower limit of
normal in two or more nerves without conduction block
4. Sensory nerve action potential amplitudes more than
80% of the lower limit of normal

5. Needle electromyography with short duration,
low-amplitude motor unit potentials with early or normal
full recruitment, with or without fibrillation potentials in

conscious and collaborative patients; or increased CMAP
duration or reduced muscle membrane excitability on
direct muscle stimulation in non-collaborative patients

6. Absence of a decremental response on repetitive nerve
stimulation

7. Muscle histopathological findings of primary myopathy
(eg, myosin loss or muscle necrosis)

Definite diagnosis of critical illness myopathy is established if all seven criteria are
fulfilled. Probable diagnosis of critical illness myopathy is established if criteria 1
and 3-6 are fulfilled. Diagnosis of intensive care unit-acquired weakness is
established if only criteria 1 and 2 are fulfilled. CMAP=compound muscle action

potential.
Lancet Neurol 2011; 10: 931-41




Aiapopikn Aiayvwon

1 YmokaAiaipia, uttopwogpadTraifid
1 Ymeppayvnolaipia

1 NMBAs, XO, avTipeTpoikd

1 2.0UvOpopo TTPOTTOPOANC

1 0. Guillain-Barre

1 XeIpoUpYIKEC eTTepPAOEIC



Bap£wg TTAoXwV HE UPnAS
Kivduvo noAuvqupopuodealag

l

AIOKOTTA KOTAOTOANG KABNUEPIVA

A@uTrvion MRC
‘EAEyX0G PUIKNAG 1o0xU0G | Handgrip . .
£ i . Eppévouoa diatapaxn
MIP | 'EAeyxo oxuoge———
L2 YXOS HUIKNG 10XU0S emMITTEDOU ouveIdNoNg

)UOIOAOYIKN 10XUG

A 4
MoAuveupopuoTttddeia
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AVTIHETWTTION

1 EAeyxoc emmédwy yAukolnc.
1 TTepiopiopoc xpnong koptikoeldwy kai NMBA.
1 TTeploplopd¢ TNC X0pNYNONGC KATAOTAATIKWV.
1 PUBuIon nAekTpoAuTwy (P, Mg).

1 Emtapknc oiTion.

1 XpAhon TpwTokOAAWY weaning.

1 TTpwipn KivnTomoinon/®uoikoBOepameia.
1 HAeKTpOUUITKA O1€yepon.



Kivhtoroinon-®uoikoOeparceia

1 H mabnTikn kivnoioBepameia £xel amoTéAeoua
oxs'rma HE TNV TTPOANYN TNC ATPOWYiAC TWV
HUTKWYV IVWV.

1 H mpwipn KivhToToinon o€ PapEwC TTAGXOVTEC
acBeveic pe AA eival aocpaAnc.

1 O guvdudopog dogkhong He TToONAATO odhyei g€
augnon Tng HUIKAG 1oxUoc, PeATiwaon
KIVATIKOTNTAG, Ueiwaon 01dpKEIdg TAPAUOVAG OTh
MEQ kai To voookopeio, HeyaAUTepn amooTach

oc padion 6 min.
Griffiths et a. Nutrition 1995
Bailey et al. Crit Care Med 2007
Burtin et al. Crit Care Med 2009



Electrical Muscle Stimulation (EMS)

EMS oc vyicic: pyetd amé mpoypappa 30
min/d, 3/w, 6w, peAtiwon kivnTikng VO,
Kdl drtodoTIKOTNTAC £PYOU.

Perez et al. Br J Sports Med 2003

EvaAAaKTIKA Hoppn doKnong o aoBeveic
ue CHF ka1 COPD.

Nuhr et al. Eur Heart J 2004
Vivodtzev et al. Chest 2006



2 voThyatikn dpaon EMS

2 UoThHaTtiki emidpaon Tou EMS oTn
MEQ®: spappoyn 45 min EMS oTta kdTw
AKpd-EKTIUNON HIKPOKUKAOWOpIAC OTO
Oévap (NIRS) 2 aufnon katavaAwong
oCuyovou Kai puBpuou emavaigdTwong.

Gerovasili et al. Chest 2009



AvapoAikn dpaocn EMS

KaBnuepivi epappoyh, €mi 8 nuépec, EMS
oc aoBeveic Tnc MEO > peiwon TnC
anwAeiac puikne palac (U/S €Aeyxoc).

Gerovasili et al. Critical Care 2009



ATtwAei1a pUikng palacg émwce ekTIPRONnke pe US og aoBeveic petd amo
apapovh 8 nuépec otn MEO-ZnuavTikd HiIkpoTEPN ATTWAEId HETA ATTO
£QAPHOYN NAEKTPOUUTKOU epeBIopoV.
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Gerovasili et al. Critical Care 2009



Eridpaon EMS otn CIPNM

KaBnuepivéc ouvedpicc EMS o aoBeveic
Thc MEO mpoAaupdvouv Thv avdamTuén
CIPNM kai peiwvouv Tn d1dpKeld Tou
weaning.

( Zuvedpiec 55 min, woeic 45 Hz, 400
usec, puec: vastus lateralis, vastus
medialis, peroneous longous)

Routsi et al. Critical Care 2010



2. xed1aypappa TnG HEAETNG

ICU admissions
=843

Exclusion criteria
or ICU stay < 48h
n=473

APACHEII <13
n=228

APACHEII> 13
n= 142

Stratifie d randomization

™

EMS group Control group
n="70 n=72

2 withdrew consent

28 died 22 died

11 impaired cognitive state 22 impaired cognitive state
3 prolonged neuromuscular
blocking agents use

2 no EMS sessions

v v

24 patients 28 patients
evaluated evaluated




Aiapopa puikAc 1oxUoc oc Papéwe TAOXOVTEC HE
epappoyn EMS kai xwpic EMS
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KaunUAeg Kaplan-Meier oxeTika pe Tn didpkeia Tou weaning
Yid TIC AaVTioToIXEC oHaAdeCc aoOevwv
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Enidpaon EMS otn puikn 1oxU

1 AUEnon 1oxVoC Kail og opddec HUWY TToU
dev epappoletar EMS.

1 AU¢non Tou MRC score: kapyn kapmou,
KAPWN 10Xiou, EKTAon yovarocg, paxidia
KAPWn akpou 1to00cC.

Karatzanos et al. Crit Care Res Pract 2012



2uoaxéTion MRC score yia avw kai katw akpa - Handgrip strength

Arms MRC score

I T

20 30
Handgrip strength (kg)

r=0.73,
P < 0.01

20 30
Handgrip strength (kg)

Karatzanos et al. Crit Care Res Pract 2012



Interventions for preventing critical
illness PN and critical illness MP

( )

'Large RCTs need to be conducted to further explore
the role of early rehabilitation and EMS and to
develop new preventive strategies.

Hermans et al. Am J Respir Crit Care Med 2007;175(5):480.
Van den Berghe et al. Neurology 2005;64(8):1348-53.
Schweickert et al. Lancet 2009;373 (9678):1874-82.

Routsi et al. Critical Care 2010;14(2):R74.

S’reinberg et al. New England Journal of Medicine
2006;354(16):1671-84.

Hermans et al. Cochrane Database of Systematic Reviews 2014;1:CD006832



O Impact of intensive insulin therapy on
neuromuscular complications and ventilator
dependency in the medical intensive care
unit.

RESULTS: Independent of risk factors, intensive
insulin therapy

(107/212 [50.5%] to 81/208
[38.9%], p = 0.02). Treatment with (>or=14
d) from 99 of 212
(46.7%) to 72 of 208 (34.6%) (p = 0.01).

Am J Respir Crit Care Med 2007;175(5):480.



d Insulin therapy protects the central and
peripheral nervous system of intensive care
patients.

RESULTS: In isolated brain injury patients, intensive

insulin therapy (p = 0.003)

(p < 0.0001) while identical
cerebral perfusion pressures were obtained with
eightfold (p = 0.01). (p <
0.0001) (p = 0.06)

. At 12 months follow-up, more brain-injured
survivors in the intensive insulin group were able o care
for most of their own needs (p = 0.05).

Neurology 2005;64(8):1348-53.



Q Early physical and occupational therapy in
mechanically ventilated, critically ill patients:
a randomised controlled trial.

CONCLUSION: A strategy for whole-body
rehabilitation-consisting of interruption of sedation and

in the earliest days
of critical illness-was safe and well tolerated, and
resulted in

compared with standard care.

Lancet 2009;373 (9678):1874-82.



d Efficacy and safety of corticosteroids for
persistent acute respiratory distress
syndrome.

RESULTS: Methylprednisolone was associated with
significantly increased 60- and 180-day mortality rates
among patients enrolled at least 14 days after the onset
of ARDS. Methylprednisolone increased the number of
ventilator-free and shock-free days during the first 28
days in association with an improvement in oxygenation,
respiratory-system compliance, and blood pressure with
fewer days of vasopressor therapy. As compared with
placebo, methylprednisolone did not increase the rate of
infectious complications but

New England Journal of Medicine 2006;354(16):1671-84.



Physical rehabilitation for critical illness
myopathy and neuropathy

‘There are no published RCTs that examine whether
physical rehabilitation interventions improve

activities of daily living for people with CIP and CIM.

Mehrholz et al. Cochrane Database of Systematic Reviews 2015;3:CD010942



Effect of neuromuscular stimulation and
individualized rehabilitation on muscle
strength in Intensive Care Unit survivors: A
randomized trial.

RESULTS:
MRC, handgrip, functional status and hospital length of stay did not
differ at hospital discharge between groups (p>0.05).
tended to be higher in NMES
group, while it
at two weeks (p=0.05).

J Crit Care 2017:40:76-82.



‘Expaon

1 AU¢non Tng 01dpKeIAG TOU weahing Kal Tou HNXavikou
dEPIOCHOV.
De Jonghe et al. Intensive Care Med 2004
1 AUCnon evdovoookopelakhe BvnToTnTac.
Garnacho-Montero et al. Intensive Care Med 2001

1 TTapapévouoa AsiToupyikh avikavoTnTa: gopapn
duoAciToupyia (TeTpamdpeon, TeTpamAnyia, TapamAnyia)
oc M0go0TO 28%.

Latronico et al. Curr Opin Crit Care 2005



2 UHTEPAoHATIKA

1 TTapouaialeTal ouxvd oe aoBeveic TNG
MEO.

1 MaAAov TUTTIKA KAIVIKAR €1KOvA.
1 AyvwoTn diTiotaBoyéveia.

1 XpeilaleTal opyavwpévn 01dyvVwaoTIKA
TIPOCEYYION.

1 2 NUAVTIKEC ETUTITWOEIC.
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