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Are we creating survivors. . .or
victims in critical care?
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Description of the acute and late phases following infection/stress/injury
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Tissue Metabolic Change in Critical illness

Muscle wasting
BPIFEIRIEM Disturbances in
glucose, lipid, and

Circulating concentrations of glucagon * amino acid
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homeostasis.
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A catabolic hormone that affects RIRHEE

these metabolic pathways *
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Thiessen SE, Derde S, Derese |, et al. Am J Respir Crit Care Med 2017; 196:1131-1143.
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Metabolic phenotype of skeletal muscle in early critical illness
63 intensive care patients, (59% male, 54.7:+18.0 years, APS score 23.5£6.5
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Metabolic aspects of muscle wasting during critical iliness
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Curr Opin Clin Nutr Metab Care Volume 22 Number 00 Month 2019
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Glucagon in Catabolism and Muscle Wasting
APACHE-II score : 28~29 N
APACH-II@.a Plasma

BEHEglucagon conc. Sepsis Plasma
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Thiessen SE, Derde S, Derese |, et al. Am J Respir Crit Care Med 2017; 196:1131-1143.
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Skeletal Muscle Mixed Protein Turnover in Long-Staying

p=0.007
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protein synthesis

Intensive Care Unit Patients
(n=20)

peLss Muscles of the Thigh

p=0.012

Il the period of days 30-40
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Il the period of days 10-20
(n=10)
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Karolinska University
Hospital, Huddinge, Sweden
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Gamrin- Gr\penberg et al. Critical Care (2018) 22:13
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Effect of glucose and insulin administration on concentrations of insulin,
glucagon, fibroblast growth factor 21, free fatty acids, triglycerides, and amino
acids in critically ill human patients.
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Role of Glucagon in Catabolism and Muscle Wasting of
Critical lliness and Modulation by Nutrition
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Energy Supplement is not Necessary in Early Post-
operative Period

Mortality Rate Between Received TPN vs. No-TPN in the SICU

Death/TPN Dealh/No-TPN ;

Patients (%) Patients (%) P
Total deaths 47/461(10.2) 395/2,484 (15.9) 0.58
Deaths >24 h  47/461(10.2) 307/2,396 (12.8)  0.12
Deaths >48 h 47/461(10.2) 171/2,260 (7.6) 0.058
Deaths >72h  47461(102) portality Rate 119220854 0001
Deaths >96 h 46/460 (10.0) 85/2,174(3.9) <0.001
Deaths >120 h 46/460 (10.0) 69/2,158 (3.2) <0.001
Deaths >144 h 45/459 (9.8) 61/2,150(2.8) <0.001
Deaths >168 h 44/458 (9.6) 48/2,137(2.2) <0.001

J Trauma. 2007,63:1215-1222.

B E B E R AR YIE R RO REAPRK

Impact of Very Early Physical Therapy During Septic Shock on
Skeletal Muscle: A Randomized Controlled Trial

Control Group

underwent a daily physiotherapy session through manual passive/active limbs mobilization (5/7 d).

Two physiotherapy sessions per day (7/7 d) including 30 minutes (1 hr/d) of continuous
passive/active leg chair/bed cycling followed by manual passive/active limbs mobilization

Control Group (n =9), Mean % sp Intervention Group (n = 8), Mean % sp

Fiber Type Day 1 Day7 Day1 Day7 P

Allfibers types (um?) 3603+1,284 2629+ 1,174 3448+1993 3770+ 1473 001
Type | fibers (um?) 42361379 3,1356+1,103¢ 4250+1977 4678+1,189 002
Type-Ila fibers (um?) 3949+1,447 274411260 26741856 2920745 0003
Type-Ilb fibers (um?) 2624+1243 2006+ 1,286* 2082+1083 25761948 004

a. Dayl VS. Day7 <0.05

Hickmann CE, Castanares-Zapatero D, Deldicque L, et al. Crit Care Med 2018; 46:1436-1443.
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The role of critical care- metabolic resuscitation
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Hypothetical Biphasic Immuno-Inflammatory Response to a Traumatic Insult
HYPER
INFLAMMATION
Excess inflammatory
eicosangfds,

Hyper| .dhesion Iecules;

S NFxRactivation

kS

£

€

poos

=

=
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SUPPRESSION
Excess anti-inflammatory
cytokines;

suppressed HLA expression

& antigen presentation;

suppressed T cell function
British Journal of Nutrition (2007), 98, Suppl. 1, $133-S139
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Tailoring Nutrition Therapy for Critical |IIness

Proposal for targeted nutrition delivery in critical illness

Kcal/kg/day Protein (g/kg/d)

Protein delivery

Severely
malnourished?

Total kcal
delivery in well
nourished Pt

Acute phase Chronic phase Recovery phase
(0-5 d post ICU -admit) (5+ days post ICU -admit) (post-ICU discharge)

Curr Opin Crit Care. 2016;22(4):279-84.
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Early down-regulation of the pro-inflammatory potential of
monocytes is correlated to organ dysfunction in patients after
severe multipie injury: a cohort study

Chlodwig Kirchhoff1, Peter Biberthaler2, Wolf E Mutschler?, Eugen Faist3, Marianne Jochum4 and
Siegfried Zedler?

An immediate hyperactivation of circulating monocytes is rapidly followed by a substantial paralysis of
cell function

@ TNFa ® IL-1p
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Critical Care 2009, 13:R88
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Thiamine Acquisition Strategies Impact Metabolism and
Competition in the Gut Microbe Bacteroides thetaiotaomicron

~ Route of Thiamine (vitamin B1)
Require; ‘Triamine: is an essential cofactor

Thiamine Acqusition for all ordanism
Bacteroidia (114) or all organisms.

Deltaproteobacteria (6)

Epsilonproteobacteria (112) .

Betaproteobacteria (12)

Require Thiamine
No Thiamine

Gammaproteobacteria (93) . Required

Fusobacteria (19) Transport only

Transport & Recycling
Transport & Biosynthesis
Biosynthesis only
Incomplete/Uncertain

Negativicutes (10)
Clostridia (109)
Erysipelotrichi (12)
Bagcilli (109)

Actinobacteria (45)
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Zachary A. et al. Costliow and Degnan. September/October 2017 Volume 2 Issue 5 e00116-17
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Thlamlne as a neuroprotective agent
after cardiac arrest

Vehicle Thiamine

Percent survival

Cortex >

Days after cardiac arrest

P<0.05 P<0.05

H
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Anesthesia Center for Critical Care Research,
Massachusetts General Hospital, USA

Hippocampus

Number of Fluoro Jade B ©
positive neurons per mm?2

Vehicle Thiamine  Vehicle Thiamine
Cortex Hippocampus

Kohei Ikeda et al. Resuscitation 105 (2016) 138-144
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Effect of Thiamine Administration on Lactate Clearance and Mortality
in Patients With Septic Shock
123 thiamine-treated 246 no thiamine-treated

Probability of Lactase Celarance Cumulative Hazard Death

ors no thiamine-treated

Cumulative Hozard of Death

e

Probablly of Lactate Celarance

- o

—==""thiamine-treated

s i o s o i o i »

Days to Lactate Clearance Days of Death

University of Kentucky College of Medicine, Lexington
High-dose thiamine (500 mg), administered for a median of 3 days.

Woolum et al. Crit Care Med 2018;46:1747-52.
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bay2e  Clinical course and
echocardiography findings
after Thiamine Replenishment

Tomakomai City Hospital, Japan
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Dopamine
cHoF |

Systemic edema (mmol/L)
(ke) Abdominal pain Confusion Dyspnea (L/min)
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Ll

s0 5 B 7 s 12 15 Ts 21 °

= Lactate —Body weight — -Oxygen demand

Day1 Day 12 Day 21

Ejoction fraction 60 a0 60 (%)
Cardiac output 83 a7 4.0 (L/min)
E/A 1.0 17 0.7
TRPG a0 72 28 (mmHg)

CHDF: continuous hemodiafiltration,
E/A: ratio of the early (E) to late (A) ventricular filling velocities,
NPPV: noninvasive positive-pressure ventilation, TRPG: tricuspid regurgitation peak gradient

Hiroyuki Nakamura et al. Intern Med . 2020 Feb 1;59(3):373-376
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Vitamin C Cocktail therapy

Hydrocortisone, Vitamin C, and Thiamine
for the Treatment of Severe Sepsis and
Septic Shock

A Re

Mortality

* Single centre before-after study
* Patients with severe sepsis or septic
shock
+ Before (47 patients)
* 60 % of patients received hydrocortisone
* After (47 patients)

* All patients received
Vitamin C Cocktail

0 10 20 - 30 o 50
Marik Chest 2017 Hours

' ’ Treatment_— Controk-Alve_— Control-Dead
7/01/2019 CritcalCare Reviews Meeting 2020 5
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Relationship Between Delays in Administration
and ICU Mortality in 90 Patients Treated with iHAT

19.1 19.
TR 17.5 ;
<6hrs (N=26)  6-12 hrs (N=30) >12-18 hrs >18-24 hrs
O/E=0 O/E=0.8 (\‘221]()/17141 [\fli)“/lllyl

m Observed ICU Mortality (%)

IHAT = intravenous hydrocortisa
O/E = ol

orbic acid, thiamine  Hirs = time from sepsis presentation to HAT initiation
d/expected ICU mortality ratio using APACHE IV scores

Kory P etal - SCCM Abstract 2020, recently accepted by Critical Care and Shock
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Calories and Protein vs. Mortality
+ A cohort study of 1171 ICU patients; initial 15-day data
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Delivered Calories/REE Percent % Protein of Target (1.3 g/kg/day)
REE: resting energy expenditure by indirect calorimetry (IC)
0. Zusman et al. Crit Care. 2016; 20: 367.
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Effect of initiating enteral protein feeding on whole-body

protein turnover in critically ill patients

11

13C-Phe enrichment in arterial plasma (APE)

150 200 250 300 350 400 450 500
Time (min)

Am J Clin Nutr 2015;101:549-57.
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Exo Leu Ra (umol-kg-min")

Leucine enrichment (MPE) in plasma
(oral tracer)

d 3
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Intrinsically [1-13C]-leucine-labeled casein (CAS) (o) and, whey protein (WP) (@) or unlabeled
CAS (w) and WP (O) added with free [5,5,5-2H3] -leucine

J.Nutr. 132: 32285-3233S, 2002.
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Diagram of the Removal of IV Infused Leucine by Different Organ Beds
in Humans
IV Leucine

Leucine was infused

‘rﬁ@ﬂ.'
for 2.5 hinto

i BLOOD
postabsorptive
humans at
300 pmol/min. 25%) \55%

Hagenfeldt, L., etal. Clin. Sci. 1980;59: 173-181.
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Clinical trials and ongoing clinical studies utilizing BCAA to treat liver disease.

Tvpe of Interventions  Patienta/Control  SampleSize  Duration Otoome sl CGutcomel

Nutrients 2020,12, 1425

Multicenter . Advanced liver s
e VAL, LEU, ILE vaneedli 232 6 months
Gastroenterology 2003,124, 1792
Double-blinded - Advanced .
ot VAL, LEU, ILE s 174 12 months
Gastroenterol.Jpn. 1989, 24,692
. VAL, LEU, ILE
N/A AR Cirrhosis 104 ~6 months
Dig.Dis. 201,25, 326
N VAL LEU, ILE Cirrhosis 2 6 months
Gastroenterdl 2020, 1, €00222
Singleblinded  AXA1665 (Lew:  Child—Pugh A 16 15 daye
RCT Te: Val) and B Cirrhosis S days

- Almks
102 16 weeks Z  Fbro-inflammation
marker, 1, Pro-C3

Nutiton 2016,33,20

s 12 months

Ongoing clinical studies

AXAT125 (VA,
Triple-blinded % . .
RET. Phase 11 WFU RG, 272 48 weeks

rRCT VAL, LEU, ILE 0 3 months.

Emily Kwun Kwan Lo et. al, Biomedicines 2022, 10(6), 1444
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The conflicting AAs in liver diseases

Elevated BCAA circulatory level - BCAA supplementation
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4 NAFLD and | y
resistance, g;';:;s' BCAAst 4 U ‘{ survival T
THOMA-IR -
o " f Hepatic triglycerides/
S 1 Beneficial gut IAIVLEYI:II accumulation,
5 2 microbiota
aty Liver Index microbiota
(LT dysbiosis Emily Kwun Kwan Lo et. al, Biomedicines 2022, 10(6), 1444
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THE EFFECT OF OMEGA-3 FATTY ACIDS SUPPLEMENTATION ON Fﬂ yL\ E 0 1 ~ 0 2 /k /d
PEDIATRIC PATIENTS WITH NON- ALCOHOLIC FATTY LIVER DISEASE: 7 *0 . N g g
A SYSTEMATIC REVIEW AND META-ANALYSIS . .
: i Timing and dosage are important
omega-3 wean piterence wean biterence Administration prior to commencement

Study or Subaroup _Mean D Total Mean D Total Welght 1V, Random, 5% C1 V. Random. 555 <1 2 g o e q

Bt s Lo %Ll e Tsilas e =T of inflammation is likely optimal

Jancavk atal 2015 358 2435 37 458 466 3  Gox -400(2060 12.60] —+

Nobili et al., 2013 -248 17.8 40 -17 16.89 20 21.4% -7.80 [-17.03, 1.43] 1
Pacifico et al., 2015 -30 17.77 25 -11 206 26 16.4% -19.00 [-29.55, -8.45] _

Torereialn 2017 184 2657 30 <187 4539 30 Sax  050(3301 2401 — q

a0 10m0% 1138 L1581, 707 . The most favorable effects on survival,

Heterogeneity: Tau? = 0.00; Chi = 4.53, df = 5 (P = 0.48); I = 0% T = 5o . . .

Test for overall effect: Z = 5.20 (7 < 0.00001) 20 vours aega-3. Favours control |nfect|0n rates and Iength Of hOSpIta| Stay
[Estimated pooled Mean Difference (MD) in ALT (ALT IU/L: MD = -11.34, 95% CI: -15.61 t0-7.07, p < 0.01, 12 = 0%)

occurred when parenteral FO was

Study or Subgroup _Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI o .

B l., 2015 18 56 32 52 53.6% 0.30[0.13, 0.65] —

J;\‘/(rzayzke;(aalv.zols 25 37 31 39 35.6% 0.54[0.19, 1.52] — admInIStered between 0'1 and 0.2 g/kg/d
Nobili et al., 2013 33 40 20 20 5.4% 0.11[0.01, 2.01] .

Zohrer et al., 2017 13 20 20 20 5.3% 0.04 [0.00, 0.83] e

Total (95% CI) 153 131 100.0% 0.31 [0.16, 0.62] >

Total events 89 103

Tau? = 0.07; Chi® = 3.40, df = 3 (P = 0.33); I’ = 12%

Tes for overal ffect: - 3.30 7 - 6.0010) ' OO0 vours omega-3- Favours control " . _ _ _
Estimated pooled Odds Ratio (MD) in the Grade of Liver Steatosis (OR: 0.31, 95% CI: 0.16 o 0.62; p = 0.001, 12 = 12%). Calder PC, et al. Lipids in the intensive care unit: Recommendations from the ESPEN Expert Group. Clin Nutr 2018;37:1
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Su mmary II The role of critical care- metabolic resuscitation Xﬁg.% ( Farnesoid X receptor ) Eﬁﬁé FG F‘15/19
: Mechanism for the Enterohepatic Circulation of Bile Acids
1LEERENARECTEHEXMIFRBESERME - = '
2 EEBEMNR X RETEZMIAAIHIAREE (Mitochondria
Dysfunction)5kBEMIE TR FTEE -

3. 4RI ARBEROKRAE - T REMEE (Micronutrient) 1354
fthdn ~ MEITTE - BUOH.. . SRETASEEREEZINEE -
ARTHEREERVAE - MUBREQEREE - LUBCAAHR
AENMALPYE (Muscle Mass) - FRE=E8 88 H M R AEAGHY
AR - BREALT - BlEEAFHNEEFRIENEERD -
5.8 (Omega-3) ¥ AT R BERYIARE - TIPR{EALT R ASAGAT

(Steatosis)i9#2/E - ESPENEZLFEUHMMEBIER
0.1~0.2g/kg/d -
6. EUHTIBE T AC B2 A S R (LPS) E IR 5 0 -

*m P33 = == B =] g ER 7 B EASRER
EHIREEEEZEEBEHNEEIE < Foteresbiomtot
Impaired Gut-Systemic Signaling Drives lotal Parenteral Nutrition-Associated Injury B =] = 4 _ =g £ED et
5450 GUE-Systemic Signaling—Key Gut and Hepatobiliary Receptors and Transporters Hﬁ 23] % *u Hﬁ ﬁ HE‘ J: E "'m Hﬂ *E E 1,E m 1% = & |37j = IjJ RE
[t = > A, monomorphic Gram-
FXR TGRS - .IE'F?Ne:f: a negative bacilli were tightly
A P=0028 B P=0.003 Ca EN n=8 associated with the surface of
g s I . 3 3 3 weeks squamous epithelial cells
2 2 2 . 2
R } 1 § 1 . (x1,000)
-
Contial  TPN Contial PN Contal PN
ige 8
CYP7A1 p_ FXR R
D, P=001l g, P=0.021 F, P=0.014
=
g - I s l s .
2 2 2 . 2
i ) i . [
EaaEE o ™ Contol TN Control TN
H 8
OAT MAPK1 SGLT-1
G4 P=0.028 Ha P=0.037 1 P=0.010
R B { 3 {
z .
s 2 2 . 2 -
i | ) i . . B ET——
I Microscopic examination of bacterial cells in the esophagus
Conwol  TPN Comwol TN Contol  TPN SCIENCE 2005307:19201925
Miguel Guzman et al. 2020 May 20:12(5)1493 Pei et al.Proc Nat Acad S U'S A 2004 Mar 23,10102/4250-5,
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TRENDS in Neurosciences

Foster J.A. et al. Trends Neurosci. 2013 May;36(5):305-12 Cristina Llorente and Bernd Schnabl. Cell Mol

Gastroenterol Hepatol 2015,1:275-284
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Homeostatic functions of intestinal macrophages

mensal Microbiota
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= epithelial cell
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S

HRo A

= [Luminal sampling
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Muscutars
e =
;
suomucosa = =

= j - = Smmm—t gut moti
Majtgpance of [ = S = 2 Y
submucosal =
vasculature integrity =

Serosa —

Muscularis externae

Peritoneal Cavity

Calum C. Bain* and Anika Schridde. Frontiers in Immunology. November 2018 | Volume 9 | Article 2733
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Factors that may alter the microbiome in critically ill patients in the ICU

Enteral Mechanical
feeding ventilation

\'  Treatments
administered

—  Antibiotics ${4E

Pharmacological intervention:

skin decontamination with — Vasopressors 7t [E |
chlorhexidine N
Proton pump S8k F &

 inhibitors  HNHIE
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PubMed, Embase, and CENTRAL were searched up to September 2016.

Probiotics  Control Risk Ratio Risk Ratio
Study or Subarouy Events Total Events Total Weight M.H,Random,95% CI M.H, Random, 95% CI
Banupriya 2015 1275 3B 75 78% 034[019,061] -
Barraud 2010 3 78 15 71 80% 1.40(0.79, 2.46) T
Forestier 2008 24102 24 106 93% 104[063,1.71) I
Giamarellos-Bourboulis 2009 153 16 36 86% 0.94[0.55,1.60) 1T
Klarin 2008 101 3N 08% 0.30(0.03,2.70) —
Knight 2009 12130 17 129 60% 070(0.35,1.41) T
L2012 82 I8 1% 066(0.43,099) —
Morrow 2010 1768 3 70 95% 053(0.33,0.86) -
Oudhuis 2011 10130 9 124 43% 1.0 [0.45,252) -1
Rongrungruang 2015 18 T2 !B 8% 085(050,1.45) —T
Spindler-Vesel 2007 4 2 3 87 38% 039[0.15,1.01) —
Tan 2011 716 13 19 69% 064[034,121) T
Zeng 2016 9 18 B2 117 151% 0.77[0.58,1.01) -
Total (95% CI) 956 1013 1000%  0.73[0.60,0.89] *
Total events 215 20
Heterogeneity: Taw" = 0.05; Chi*= 20.16, df = 12 (P = 0.06); = 40% o m o0

Test for overall effect 7= 3.06 (P = 0.002) Favours probiotics Favours control

Thirteen RCTs (N = 1969) were included. Overall, probiotics were associated
with reduced incidence of VAP (RR = 0.73, 95% Cl| = 0.60-0.89; P = 0.002), which
was confirmed by TSA (TSA adjusted 95%Cl = 0.55-0.96).

Hong Weng et al. Front. Pharmacol., 09 October 2017
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disruption of the unstirred mucus layer and intestinal restitution in
loss of gut barrier function after trauma hemorrhagic shock
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Bobby Rupani et al. Surgery 2007;141:481-9.)
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The gut microbiota plays a protective role in the host defence against
pneumococcal pneumonia
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Distribution of main bacterial families of human microbiota in physiological condition and
during proton pump inhibitor treatment
Giovanni Bruno et al. World J Gastroenterol 2019 June 14; 25(22): 2706-2719
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Deleterious effect of proton pump inhibitors on the disease course of cirrhosis
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Evaluation of (A) oral and (B) gut microbiome compositions based on
16S rRNA gene sequences between tube and oral feeding (n=8)
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Sayaka Katagiri et al. Front. Cell. Infect. Microbiol,, 20 December 2019
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Impact of diet on macrophage/microbiota crosstalk
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Greta Caprara et al. Int. J. Mol. Sci. 2020, 21, 4825
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two torms of dietary tiber based on their capacity to dissolve In water
1. soluble fibers7Ki& 14 4 # 80~ 100% T 58)
BIERE (Pectin) ~ FEBEAEIF (Psyllium ) FMpB-HEEHE ( Beta-glucan) &
a) HEBEDPERBEER R e presence of

the intestine
b) ﬁ%%%?ﬂ@iﬁfb*ﬂ"&ﬂi\o down digestion and absorption of nutrients
o) ERMERMMEERLE - FIMHERYFIERE 0

prolonged feeling of satiety and a decrease in appetite, such as and a re
food glycemic index)

f
1. insoluble fibers FE7KA 444 (s0%msm)
BIEARER (Lignin ) M#E#E (Cellulose ) &
a)E%gﬁiﬂﬁé’{t%&ﬁm#ﬁéﬁﬂwzeThat pass primarily intact through the

digestive system

b)ﬂﬂﬁﬂ%?ﬁﬁi}]m celerating intestinal transit
c)E%E%E’\Jﬁ@%i@fiq’?ﬁ?ﬁé%{’ﬁﬁﬁmd,mg an important role in the

body’ s detoxification process
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Corina-Bianca lonit,a-Mindrican et al. Nutrients 2022, 14, 2641.
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Fiber localization in plants
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Corina-Bianca lonit,a-Mindrican et al. Nutrients 2022, 14, 2641.
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Effects of Lactose or Inulin Administration on Fecal Flora in Elderly Patients
35 female with a mean age of 76.4 y (range: 68-89 y)
Lactose (n = 15)

Inulin (n = 10)
Fecal variable Before adminisiration 0d 40gd Before administration 094 40 g/d
Total counts 93207 97£08 97£07 9203 9507 93208
Bifidobacteria &£ |15 42 5] 8207 8609 85209 7904 8808 B 92205 t
[100f 1933 100) 190] 190] (9]
Bacteroides 9011 9309 9507 9003 92%08 86+09
(100] (100} 100] (100} (100] %]
Clostridia 64212 60%08 56+08' 63%14 62%12 64%12
1867 13 1909 (100) [100) 190]
Lactobacilli 79£09 ARIRY 2010 7607 15+12 7208
(100] (933] (818) (80) (80} 190]
Enterococci 3E S KBS RSN 80206 8112 13212 12 [63z08 1
(100] (100] (100] (100] (100} %]
Enterobacteria T1£16 6816 6412 10+ 11 68+09 6115
(8671 (861 (100) [100] 190] 160]
H,S-forming bacteria 69%17 64217 62%15 69%12 69% 1.1 T0%12
[100] [100] (909) [100] 100] [100)
Percentage of dry matter (%) 32363 B4z64' 213255 3851 45131523

* Bacterial counts expressed as £ + SD log,/g dry feces. Counts of organism based exclusively on positive cultures.
2 Frequency of occurrence in brackets.
*# Significantly different from before administration: * P < 0.05, * P < 0.01

Conclusion

The role of critical care- metabolic resuscitation
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