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Persistent Inflammation/Immunoparalysis
and Catabolism Syndrome

PICS # Post ICU Syndrome

Synonyms:
*Chronic Critical lllness Syndrome
*Persistent/Chronic MOF
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Figure 1 Clinical features of chronic critical illness

Marchioni A. Eur J Clin Invest 2015



PICS: A NEW PHENOTYPE
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Concise Clinical Review

Chronic Critical lllness

Judith E. Nelson'!, Christopher E. Cox? Aluko A. Hope'3, and Shannon S. Carson*

Am | Respir Crit Care Med Vol 182. pp 446-454, 2010

TABLE 1. OUTCOMES OF CHRONIC CRITICAL ILLNESS RELATIVE TO COHORT DEFINITION*

Tracheotomy for Prolonged

Cohort Definition Ventilation for =14 d Ventilation for =21 d Mechanical Ventilation

Study (reference) Combes et al. (34) Carson et al. (25) Cox et al' (24) Cox et al.' (24) Engoren et al. (14
n 347 200 114 267 347

Age (yr), median (IQR) or mean + SD 63 + 14,67 = 13 58 (42-69) 66 (47-74) 66 (45-75) 64, 711
Duration of ventilation, median (IQR) 36 = 25,37 = 28' 35 (26-51) 27 (23-36) 16 (10-24) 23-30

or mean * 5D

Hospital length of stay, median (IQR) — 51 (36-72) 39 (30-52) 29 (22-38) 28-37

Died in hospital, % 43 41 31 20 22
Discharged home, % — 11 4 7 —

Alive at 12 mo, % 32 48 42 52 50




The Epidemiology of Chronic Critical lliness in
the United States*

Jeremy M. Kahn, MD, MS"% 'Tri Le, MS% Derek C. Angus, MD, MPH"“% Christopher E. Cox, MD, MPH?
Catherine L. Hough, MD, MS* Douglas B. White, MD, MAS'; Sachin Yende, MD, MS;
Shannon S. Carson, MD?; for the ProVent Study Group Investigators

Critical Care Med 2015

TABLE 2. Estimated Annual Number of Cases, Mortality, and Hospital Costs of Chronic
Critical lliness in the United States, by Year

Year 2004 2005 2006 2007 2008 2009
Cases (n) 302,173 317451 324,790 339,930 365817 380,001
Mortality, n (%) 100,552 (333) 103,357 (326) 102,018(31.4) 104,067 (306) 111,348(30.4) 107880 (28.3)
Costs (billions)z $15.6 $175 $194 $21.8 $24.7 $26.0
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PICS

TABLE 3. PICS Criteria

Clinical Determinants of

PICS Measurements

Persistent Prolonged ICU stay =10 d

Inflammation C-reactive protein =150 pg/dL
Immunosuppression Total lymphocyte count <0.80 x 10°/L
Catabolism Weight loss =10% during hospitalization or

body mass index <18
Creatinine height index <80%
Albumin level <3.0 g/dL
Prealbumin level <10 mg/dL
Retinol binding protein level <10 pg/dL

Gentile L. J Trauma Acute Care Surg 2012
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MITOCHONDRIAL DYSFUNCTION AND BIOENERGETIC
FAILURE

Healthy Cell Dysfunction
Mitochondria and Death

Intermembrane

Mitophagy A
Biogenesis



METABOLIC SHUTDOWN~HIBERNATION~ESTIVATION

EXCESSIVE
INFLAMMATION
=
OXIDANT PRODUCTION

TRANSCRIPTIONAL
ROS DOWN-REGULATION

TISSUE HYPOXIA

HORMONAL

. METABOLIC
- DOWN-REGULATION

ALTERATIONS

Inhibition of ETC

» Oxidant damage
- Decreased biogenesis
- Uncoupling ... [
T > METABOLIC

SHUTDOWN

BIOCHEMICAL/PHYSIOLOGICAL
DYSFUNCTION

“MULTI-ORGAN FAILURE”

- -

Singer Critical Care 2017, 21(Suppl 3):309




ENDOTHELIOPATHY: BARRIER FAILURE
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Deutschman C. Immunity 40, April 17, 2014



MDSC

Expansion of MDSCs
IL-10

suffer from | m
outcomes

TGF-B

Arg

INOS

NADPH
Oxidase

atients with mana ble

Cachexia & Malnutrition
J Lean Muscle Mass
Ventilator Dependence
Poor Wound Healing
Failure to Rehabilitate
«J- Ability to Carry-out ADLs
| Cognition and Mability
4 Nosocomial Infections

Harmful Effects of MDSCs
Prolonged MDSC Expansion
=2 Immunosuppression
= iNOS, ARG1, IL-10
=* Chronic Inflammation
=» TNF, RANTES, MIP-I
Anti-angiogenic and Pro-inflammatory state
= Low VEGF/High EPO Ratio

Beneficial Effects of MDSCs

Improved Protective Immunity
- NO, ROS, Phagocytosis

Accentuated Acute Inflammation

Rapid
Recovery

Death

Mira J. Crit Care Clin 2017



OVERVIEW OF SEPSIS IMMUNOPARALYSIS

. Lympocyte Apoptosis
mHLA-DR reduction
Th,>Th,

T regulatory cells increase
M,>M,

. MDSC

TCR diversity reduction
Virome reactivation

. PD, / PD-L, axis activation
10. Suppresswe neutrophils

©CENOUAWNR

*No clearance of primary infection
*Nosocomial infections with opportunistic germs
*Reactivation of dormant viruses



Regulated Cell Death

Caspase independent

‘ Caspase dependent ‘ |
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Linkermann A. Nat Rev Immun. 2014



s Cell death triggers inflammatiom
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| Infiltrating immune cells | Inflammation triggers ceu death
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Necro-i

Breakdown of functional units
= MPT-RMN ——7= SfA. CzA

= Pyropiosis = zVAD

= Ferroptosis |+= Fer-1, SR5311-92

Climical manifestation of
functional organ failure;
organ-specific effects

un. 2014
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Mechanizms of myofibril breakdown and atrophy.
ta rgeting Sarcolemma

a Initial phase

Thin (actin) filament

Fhend ) ‘OMch 3MyBPC‘

destruction

Second phase l *'avsulaln

''''''''

000000 7000000000000000000000000000000000000000000000000000000000000000000000000000000000¢
HIRh N N DO W ERERRNE R N 0 N HERRNNN RN ]
R RIS £ AELCUE LG E R L r tgr e eetr et teqe e (e W AR es S ORI CERCRIRging.
QOGO 50000000900009000000000000000000000000800000000000000008000000000000000000000000006

~ Proteasome

Q. 2D
e o ST L LAminn acids
NN TSR PO 2 (aws)—

(A ) |

e Disease Models & Mechanisms 6, 25-30 (2013

Cohen S. Nat Rev Drug Disc 2015



AUTOPHAGY (A) Macroautophagy
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ENCEPHALOPATHY

Neuroendocrine

‘ system »

Hippocampus
Limbic system

/

Delirium Frontal cortex [ 2

Altered
cerebral
metabolism
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Heming et al. Critical Care (2017) Gofton, T. E. & Young, G. B. Nat. Rev. Neurol. 8, 557-566 (2012)



Systemic infection and delirium: when cytokines and
acetylcholine collide

Willem A van Gool, Diederik van de Beek, Piet Eikelenboom

A Normal situation B 0ld age, incipient neurodegenerative disease, or anticholinergic drug treatment
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Actwated microglia .' e o Dveractwated microglia
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Lancet 2010; 375: /73-75



PICS PREVENTION

Liberate From Ventilator:
*Use protocol-driven
approach to weaning

and decannulation

«Involve non-physician staff

Optimize Function
and Cognition:
+Initiate physical therapy early
*Minimize use of
deliriogenic medications

Am | Respir Crit Care Med Vol 182. pp 446-454, 2010

Dedicated
Interdisciplinary Team:

Physicians, Nurses,
Social Worker,

Respiratory and /

Physical Therapists,
Nutritionist

Integrate Palliative Care
With Restorative Treatment:
*Treat distressing symptoms
-Communicate about care goals
*Plan for transition from hospital
*Support family

Provide Nutritional Support:
+Use enteral route preferentially
*Give metabolic substrates
without overfeeding
*Consider Vitamin D and
bisphosphonate therapy

Prevent Infection and
Other Complications:
Systematize processes for
*Handwashing, isolation,
catheter management
-Protection of skin integrity




MDSC

IMMUNOPARALYSIS

PROTEASOME ACTIVATION

AUTOPHAGY
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