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Outline

Exercise is medicine.

Unfitness predicts bad outcome.
Exercise can help you survive.

Critical illness, exercise and outcome.
Extreme physiology and adaptation.



the ICU In VIVO

I. Frailty and Physiological Reserve
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the ICU In VIvO

Update on Renal Replacement Therapy:
Implantable Artificial Devices and Bioengineered Organs

Chiara Attanasio, PhD! Marcela T. Latancia, MSc? Leo E. Otterbein, PhD? and Paolo A. Netti

detergent perfusion of the kidney

“microelectromechanical systems”’ Inside the bioreactor, the bioengineered organ is maintained

silicon nanopore membranes laboratory-grown kidney will be successfully transplanted into patients

The first chamber i hemofilter, removing toxins, excess water, and salts. Second
chamber acts as a bioreactor s SNMs seeded with renal proximal tubule cells which
selectively reabsorb water and salts allowing the excretion of toxins through the

bladder.
—_— B TISSUE ENGINEERING: Part B
Implantable renal assist device (IRAD) ¥olns 06, Nomber 00,2016

Intensive Care Med (2017) 43:1700-1702
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The pandemic of physical inactivity: global action for
public health

HaroldW Kohl 3rd, CoraLynn Craig, Estelle Victoria Lambert, Shigeru Inoue, Jasem Ramadan Alkandari, Grit Leetongin, SonjaKahimeier, for the

Strategies for implementation

Lancet 2012; 380: 294-305
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Prevalence and impact of frailty on mortality i ol
Karim Asehnoune

in elderly ICU patients: a prospective,

Olivier Mimoz
L] L] Grégoire Le Gac
multicenter, observational study
Fanny Feuillet
Yannick Malledant
Philippe Seguin
The aim of our study was to determine the prevalence

of frailty and the impact of frailty on mortality in a pro- Frailty phenotype Clinical frailty score
spective cohort of patients aged 65 years or more who
were admitted to ICUs.
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6-month mortalities. Notably, the

Intensive Care Med ( 2014) 40:674-652




Inadequate Exercise as a Risk Factor for Sepsis Mortality

Paul T. Wilhlams

e exercise
(=1.07 METh/d)
B Inadequate exercise
(<1.07T METHWd)

Hazard ratio

P=0.0005 P=0.33

PLOS ONE:

T

Non-diabetics Diabetics

Conclusions

These results s
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EXERCISE IS MEDICINE®: A Global Health

Initiative
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A CRITICAL CALLTO ACTION Exercise is Medicine® (EIM) is a global health initiative managed by the
American College of Sports Medicine (ACSM (http://acsm.org)) that is focused on encouraging primary

care physicians and other health care providers to include physical activity when designing treatment
plans for patients. EIM is committed to the belief that physical activity is integral in the prevention and
treatments of diseases and should be regularly assessed and “treated” as part of all medical care.

Nov 35, 2007



Hippocrates (460-370 BCE) of Cos

| say then, that this question [regimen] is a most excellent
one and allied to many others, some of the most vital impor-
tance in TllL art [nu dlun: ] for that it can contribute much to the
' g aservation of health in case of

and 1s useful to whatever
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say then, that this question [regimen] is a most excellent
one and allied to many others, some of the most vital impor-
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cardiopulmonary exercise testing (CPET)

CPET integrates expired oxygen and carbon
dioxide concentrations with the
measurement of ventilatory flow thus
deriving oxygen uptake (VO2) and carbon
dioxide production (V|CO)2) under varying
external workloads.

o help identity hi h risk patients: VO, peak/max, ” anaerobic
hreshold (AT), 7 and ventilatory equivalent tor carbon

lioxide (Vg/VCO;,).” '* Consequently, these three variables are



Heart Rate Recovery Predicts Clinical Worsening in
Patients with Pulmonary Arterial Hypertension

Omar A. Minai’, Ravi Gudavalli?, Srinivas Mummadi', Xiaobo Liu3, Kevin McCarthy
and Raed A. Dweik!

Methods: HRR1 was defined as the difference in heart rate at the end
of 6MW test and at 1 minute after completion of the 6MW test.
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Figure 2. Kaplan-Meier curve showing that patients with reduced heart
rate recovery in 1 minute (HRR1) (< 16 beats) had an increased pro-
pensity to have clinical worsening and had shorter time to clinical
worsening compared with patients with HRR1 = 16 beats.

Recordlngs of resting (indices capturing beat-to beatchangesi n heartrate ,reflecting
cardiac parasympathetic activity) and submaximal exercise(30-to60-saverage)




Cardiopulmonary exercise testing predicts 5 yr survival
after major surgery’

M. Colson!”, J. Baglin?, S. Bolsin! and M. P. W. Grocott?

Table 1 Definitions. CPET-vorioble terms used in this poper, with

mesasurement units where applicable
Term Deefli it hon
] g
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@ @
z 5 R AT Anaerobic threshold
E £ 1 2 Urdlogical BMI Body mass index: potient waight kg m ™
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curves show a deor relotionship between risk ond survival. curves across the seven major surgery types. OLES '::'I._I,"EE i -|:"1-': s Eﬁ W n':j' ﬂ."l"F"lE
Owverall-IR  Rotlo of insparatiem time to total

te<t time
[ E it il € arbon-dicadde %
ooncanbraton
Emi- ticdarl 0o e COMOemiratiom

RER Respiratony exchange ratie of
oarton dicxide production to
DOEN ConSumption

Tidal wodume

Database of 1725
patients with
cardiopulmonary exercise
testing (CPET) who had
major surgery.

Table 2 Single variable analysis. Area under the ROC curve linking
the sensitivity and specificity of selected single CPET variables in
predicting survival endpoints

L5 Uniloaded section - these valus
are avenoged ower the entine
unlsnded soction of the teg

Outcome AT-V g, I-cg_l AT-VelVeo, QUES Age .

P - P |
30-day mortality 0.551 0633 0509 0559 Ve, Cor bon disoide produr thon rate litre: min _
One-year mortality  0.474 0.648 0406 0.594% Vi Puslmaonsry’ manute ventikation Hbre man
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Poor Cardiorespiratory Fitness Is a Risk Factor for
Sepsis in Patients Awaiting Liver Transplantation

Matthew P. Wallen, PhD," Aidan J. Woodward, MBBS,? Adrian Hall, MBBS,* Tina L. Skinner,
Jeff S. Coombes, PhD," and Graeme A. Macdonald, PhD?3°

© VT<10.0 mL.kg-".min"
L s VT>10.0 mL.kg-'.min"!

& %8

Sepsis (n=13) No Sepsis (n=69)

Sensitivity (%)
N

Ventilatory Threshold
(mL.kg-'.min")

0 20 40 60 80 100
100 % - Specificity (%)

Sensitivity and specificity analysis of ventilatory
threshold (VT) for predicting the diagnosis of sepsis

VT there is a nonlinear increase in ventilation with an increase in workload

and is associated with the onset of increased anaerobic metabolism. ransp/antat/on 201 9;1 03: 529-0635




Voluntary running exercise protects against
sepsis-induced early inflammatory and
pro-coagulant responses in aged mice

Karel Tyml'®, Scott Swarbreck', Cynthia Pape'*, Dan Secor', James Koropatnick*>®’, Qingping Feng'
Ruud A. W. Veldhuizen'**> and Sean E. Gill'***"
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Moderate exercise-induced dynamics on key
sepsis-associated signaling pathways in the liver

Hari Prasad Osuru'’, Keita lkeda', Navya Atluri' and Robert H. Thiele'"

Overview of the intersection of different potential key impacted Signaling pathways
cross-talk in Sepsis and Exercise Training animals

A

Multiple
Signaling
pathways are
dysregulated

Immune- H X
- oxia
Inflammation P

protein
. modifications

mTOR ¢
AMPK |
AKT ¢
Bcl2 }

1SoD14 HPt
1sop2t Ho-1t
1sop3¢ Nox2t
it-SOD} NRF2}
ICAT{ NQO1} P62(SQSTM1)
i—— KEAP1t PDESA}
GSNOR} P38 MAPK t
PRKG1 t

Aerobic
Glycolysis
f

Differential
Gene & protein
expression

_[[iNos ¢
-4 |eNost
5

l S-nitrosylation t

1‘NO@. & stabilization of-

total-Antioxidants activity ¢

— (2arbony|ation1
H i]‘rla1

Low survival

Signaling
pathways are
mostly normal

proten . Sop1F P T mTOR
dificati 1 SOD1 m
(- modifications i Controlled Gene

_L-finos?
NOS eNos¥ —| Carbonylation *

l S-nitrosylation *

‘NOFZ’L. & stabilization of-

total-Antioxidants activity

| AGE-RAGE activation +~— ONOO—— Nitrotyrosination‘

1S0D24 HO-14 AMPK+¢
1soD3t NOX24
i t-SoDt NRF2t
i CATt NQoO1t
o KEAP1}
GSNOR?

Hma‘

Critical Care

& protein
expression

AKTH

Bcl2 ¢
P62(SQSTM1)t
PDE5A$

P38 MAPK }
PRKG1}

Increased
survival
or Low

Death rate

(2023) 27:266



Molecular effects of exercise training in patients with cardiovascular disease:
focus on skeletal muscle, endothelium, and myocardium

Volker Adams,! Bernhard Reich,> Madlen Uhlemann,! and Josef Niebauer?
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Original Investigation | CARING FOR THE CRITICALLY ILL PATIENT
Acute Skeletal Muscle Wasting in Critical lliness

Zudin A. Puthucheary, MRCP: Jaikitry Rawal, MRCS; Mark McPhail, PhD; Bronwen Connolly, BSc;

Gamunu Ratnayake, MRCP; Pearl Chan, MBBS: Nicholas 5. Hopkinson, PhD; Rahul Padhke, PhD; Tracy Dew, MSc
Paul 5. Sidhu, PhD; Cristiana Velloso, PhD; John Seymour, PhD: Chibeza C. Agley. M5c; Anna Selby. PhD;

Marie Limb. PhD; Lindsay M. Edwards. PhD; Kenneth Smith., PhD: Anthea Rowlerson, PhD;

Michael John Rennie, PhD; John Moxham. PhD; Stephen D. R. Harridge. PhD; Micholas Hart, PhD;
Hugh E. Montgome

El Single vs multiorgan failure

Healthy muscle is seen on day 1 (A, C) with necrosis and a cellular infiltrate on
day 7 (B. D). This infiltrate was CD&8 positive on immunostaining. indicating
macrophage origin (red). A. B are hematoxylin and eosin stain, and C, D was

Time From Admission, d

JAMA. 2013:310015):1591-1600

skeletal muscle wasting in critical illness.



The ever-expanding myokinome:

discovery challenges and
therapeutic implications

Martin Whitham and Mark A. Febbraio
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Myokine

A cytokine or peptide that is
produced by skeletal muscle
cells and subsequently
released into the circulation
to exert paracrine or
endocrine effects.

Meteorin-like 1

Method of discovery

In vitro gene expression
array and secreted
protein bioinformatics
of PGC1a-
overexpressing muscle
cells

Combined gene
expression and

mass spectrometry
analysis of
PGC1a4-overexpressing
primary muscle cells

Serendipitously,

while characterizing
metabolic function of
CTRP family of proteins

Screening of cDNA
libraries specific for
secreted proteins

Gene expression arrays
of muscle derived from
mice exercised for

4 weeks versus controls

broteins termed ‘myokines

Validation as a
secreted factor

Quantitative analysis
of post-exercise
plasma in mice
(western blot) and
humans (targeted
mass spectrometry)

Delayed protein
appearance in
wild-type mice
carrying out downhill
running exercise

Increased
concentration of
myonectin in serum
of mice carrying out

2 weeks of voluntary
running wheel activity

Increased gene and
plasma expression

in mice subjected

to daily treadmill
exercise versus
control mice. Systemic
treatment of musclin
rescued phenotype in
Ostn-knockout mice

Exercise time-course
analysis in mice and
humans. Secretion
from primary muscle
cells in vitro

Purported
myokine
function

Browning of
adipose tissue

Browning of
adipose tissue

Improved
hepatic fatty
acid uptake

Increased
mitochondria
biogenesis

Reduces
precursor
lesions of colo|
adenocarcino
on the surface
the colon

skeletal muscle is an endocrine organ capable of secreting

doi:10.1058/nrd.2016.155




Skeletal Muscle Myokine Expression in Critical lliness,
Association With Outcome and Impact of Therapeutic
Interventions

lise Vanhorebeek,'® Jan Gunst,’>® Michaél P. Casaer,’?® Inge Derese,’ Sarah Derde,’
Lies Pauwels,” Johan Segers,®> Greet Hermans,'*® Rik Gosselink,*
and Greet Van den Berghe'?

Human muscle

Vastus lateralis

~ P<.0001

KYAT3/CASC3
0000000000 R

FNDC5/CASC3

_ P<.0001

Amylases/CASC3

QOO OOED RS O i
OB NWROOINPOO=SN OaNWAONDOO=N
TR S TR A SR A TR BN .

KYAT1/CASC3

1271
1.1
1.0 -
0.9
0.8 1
0.7 1
0.6
0.5
04
0.3
0.2
0.11
0.0
1:2
1]
1.0 4
0.9
0.8
0.7 1
0.6 1
0.51
041
0.3
0.2
0.1 1
0.0-

| Healthy | Critically il

Conclusion: Expression of the studied myokines was affected by critical illness and associated with clinical outcomes, with limited effects o
Interventions that attenuate muscle wasting or weakness.

Journal of the Endocrine Society, 2023, 7, 1-13




Percutaneous Coronary Angioplasty Compared With
Exercise Training in Patients With Stable Coronary
Artery Disease

A Randomized Trial

Rainer Hambrecht, MD; Claudia Walther, MD; Sven Mdbius-Winkler, MD; Stephan Gielen,
Axel Linke, MD; Katrin Conradi, MD; Sandra Erbs, MD; Regine Kluge, MD; Kai Kendziorra
Osama Sabri, MD; Peter Sick, MD; Gerhard Schuler, MD

a randomized study to compare the effects of exercise training versus standard
percutaneous coronary intervention (PCI) with stenting on clinical symptoms
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Figure 2. Event-free survival after 12
Log-Rank = 5.2 months was gignificantly superior in

exercise training group versus PCI group
P=0.023 (P=0.023 by log-rank test).

Event-free Survival [%]

N
o

Conclusions—Compared with PCI, a 12-month program of regular physical exercise in selected patients with stable
coronary artery disease resulted in superior event-free survival and exercise capacity at lower costs, notably owing to
reduced rehospitalizations and repeat revascularizations. (Circulation. 2004;109:1371-1378.)




Capillary recruitment in response to tissue hypoxia
and its dependence on red blood cell deformability

KAUSHIK PARTHASARATHI AND HERBERT H. LIPOWSKY
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Am. J. Phvsiol. 277 (Heart Circ. Physiol. 46): H2145—H2157. 1999.



Physiology at the Bedside

G CYTOMETRICS
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Pregnancy at high altitude in the Andes leads to increased total vessel density

in healthy newborns

Norina N. Gassmann,">* Hugo A. van Elteren,”* Tom G. Goos,”* Claudia R. Morales,* Maria Rivera-Ch,*
Daniel S. Martin,® Patricia Cabala Peralta,” Agustin Passano del Carpio,7 Saul Aranibar Machaca,’
Luis Huicho,>® Irwin K. M. Reiss,> Max Gassmann,®* and Rogier C. ]J. de Jongez*

Total vessel density in term neonates
at high altitude (Puno 3827 m)

3765

TVD (mm{fmm2)

Irwin Reiss, Max Gassman J Appl Physiol 121: 7097135, 2016.




Adaptation of the microcirculation to hypoxia

Recruitment of non-perfused sublingual capillaries increases
microcirculatory O2-extraction capacity throughout ascent to 7126 m

Matthias Peter Hilty"* ), Tobias Michael Merz>® '/, Urs Hefti®>, Can Ince*, Marco Maggiorini'
and Jacqueline Pichler Hefti*?

Hematocrit

Mount Himlung Himaljl Nepal (7126 m)

'
Sea level

Microvascular recruitment at high altitude

J Physiol. 2019 May;597(10):2623-2638.



COVID-19

The mystery of the pandemic’s “happy hypoxia’

Doctors debate how to treat patients with low blood oxygen but without trouble breathing

Jennifer Couzin-Frankel

SCIENCE sciencemas.org 1 MAY 2020 « VOL 368 ISSUE 6450 455



CLI N ICAL INVEST'GATION Emanuele Favaron, MD'?2
Can Ince, PhD'

Matthias P. Hilty, MD':2
Biilent Ergin, PhD'

Philip van der Zee, MD'

Capillary Leukocytes, Microaggregates, and the

Response to Hypoxemia in the Microcirculation
of Coronavirus Disease 2019 Patients e .

Adaptive microcirculatory mechanisms in response Daniel A. Hofmaenner, MD?
. Claudio T. Acevedo, MD*
to COVID-19 hypoxia [z]

Wim Jan van Boven , MD, PhD?
Sakir Akin, MD, PhD'#
Diederik Gommers, MD, PhD'
Henrik Endeman, MD, PhD'

Ziihre Uz, MD, PhD!
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The density of sublingual capillaries
(functional capillary density; FCD)
Crit Care Med. 2021 Apr 1;49(4):661-670. are elevated in COVID-19




Recruitment of non-perfused sublingual capillaries increases

microcirculatory O2-extraction capacity throughout ascent to 7126 m

Hilty M, Merz T,Hefti U, Ince C, Maggiorini M, Pichler)

Swiss-EXPED 2013 Himalayan High Altitude Research Expedition
Matthias Hilty

Capillary density at sea
level and high altitude
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J Physiol. 2019 May;597(10):2623-2638.
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