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The Sepsis Continuum

Severe Septic
SIRS Sepsis -
P Sepsis  Shock
= A clinical response .
arising from a SIRS with a Sepsis with | Refractory
nonspecific insult, with presumed organ failure | hypotension
>2 of the following: or confirmed
= T >38°C or <36°C Infectious
* HR >90 beats/min Process

* RR >20/min

= WBC >12,000/mm?
or <4,000/mm?
or >10% bands

SIRS = systemic inflammatory
response syndrome




The inflammatory response

Uncontrolled infection/major trauma/circulatory shock/tissue necrosis/apoptosis/anaphylaxia

PAMPs DAMPs
LPS, LTA, lipoproteins, peptidoglycans, bacterial DNA, etc. HMGB-1, heat-shock protein, DNA, uric acid, etc.

“
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Complex protein systems Vascular and tissue cells Blood and lymphatic cells

v
Sensors and
effector cells

Complement Coagulation Endothelial Epithelial Adipose Granulocytes Macrophages/ Lymphocytes
cells tissue monocytes (T-cells, B-cells)

UK

Endothelial Acute phase Cytokines/ chemokines Cell surface
PT stress response: reactants: Soluble receptors: markers:

AT ELAM-1, CRP,LBP, IL-6,IL-8,I1L-4,1L-10 mHLA DR,
Protein C ICAM-1, PCT, etc. MIF, HMGB1, sTNF, CD64, CD48,
etc. Selectins, suPAR, sTREM-1, etc. C5aR, etc.

Cardiovascular i Micro-
s system circulation

A
Impact on
organ function

Confusion Respiratory St Oliguria/ Excretory Loss of barrier Capillary leak
distress Anuria failure function, ileus edema, DIC

\Clin Microbiol Rev 2

Effective source control Ineffective source control
Normalization of biomarker abnormalities Persistence of biomarker abnormalities
Resolution of organ dysfunction; recovery Multiple organ failure; death




Uses of Biomarkers

Prognostic:

Pharmaco-
dynamic:

Evaluate body’s
response to
treatment

”

Staging: Predictive:

Classify

o Indicate

risk of
- disease

MJN 2012
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Physiologic Parameters in Sepsis

Stud:,-'

Risk Evaluated

Independent Parameters

Infection probability
score”®

Infection in ICU

HR =140 beats/min
BT »37°C

IMPACT?’

Sepsis in ICU

BT =38°C
MAP <70 mmHg

Jaimes et al®®

Bacteremia in hospitalized
patients

HR =90 beats/min
BT >37.8°C

Falguera et al®®

Bacteremia in community-acquired
pheumonia

HR =125 beats/min
RR =30 cycles/min
SAP <90 mmHg

RISSC, European
Sepsis Database®!

Severe sepsis or shock in septic
patients

HR =120 beats/min
SAP <110 mmHg
BT =>38.2°C

MEDS score4?

Mortality in patients with
infection in the ED

SAP <80 mmHg

RR =20 cycles/min or pulse
oximetry <90% or the
need for O, supplementation

Varela et al?’

Mortality in patients with
multiorgan failure

BT entropy
Crit Care Clin 2011 9




BT, ¢

HE, beatsmin
R, breaths/min
WEBC, ¥ 107 mm®
CRP, mgiil

SOFA scorm
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CRP as a Biomarker in Sepsis




Eosinopeniain Sepsis
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Dlagnostic parformance of the eosinophll count and the C-reactive protaln level In the prediction of sepsis on Intensive care unt

admisslon
Variabla Maninfection varaue infsction SIRS varaus infaction
C-raactive protain leval |Eosinophil cell count] C-reactive protein level | Ecsinophil cel c::luntl
Coutinff walus =70 g/l <00 calkfmm?® =80 g/ <40 calla/mm?
Sa resitivity (%) &8 (50 to 78) 80 (71 to 88) 68 (58 to 74) BO (71 to B6)
Specificity (%) 81147 to 74) 01 (79 to 98) 55 (32 1o TR B0 (55 fo @3
Pozitiva likalihood ratio 177128t 251)  |912(3.810 21 1521082 0 250)  |4.00 (185 to 865
Megative likslihood ratio 0521039t0060)  |021 (01540310 | 057041 o 081)  |0.25 017 to 0.38)
Araa urdler tha receiver operating characteretic 077 (0,70t 0.84)  |0.82 (0831 0.04) | 0.77 (067 to 087 |0.84 (0.74 1o 0.04)
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Delta Neutrophil Index (DNI)

DNI (the difference in leukocyte sub-fractions identified by myeloperoxidase
and nuclear lobularity channels) = circulating immature granulocytes
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PCT — normally an intermediate product
INn the synthesis of Calcitonin

Adipocyte
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Normally in the synthesis of Bacterial infection stimulates PCT production
Calcitonin
N-Pro Calcitonin Katacalcin
N _ _ - c

57 60 91 96
LOW PCT values in the blood of healthy persons: 0.0467 ng/ml; median = 0.0127 ng/ml|



PCT as a Biomarker in Sepsis

Aim of the Study Findings

PCT levels in patients PCT is significantly elevated in patients with
with sepsis, severe sepsis, sepsis, severe sepsis, and septic shock.
and septic shock Especially high concentrations were found
in patients with severe stages of the
disease (severe sepsis, septic shock)

PCT in severe PCT levels were significantly higher in
bacterial infection patients with bacterial infection than in
those with viral and fungal infections and
SEpSIs
PCT as a marker for PCT levels decdine by successful measures of
effectiveness of source control, and sustained elevated PCT
source control and levels are associated with poor prognosis.
pPrognosis This finding was demonstrated in adult

and pediatric patients with sepsis, VAP and
CAP

Usefulness of PCT PCT-guided antibiotic therapy may result in
for antibiotic a 20%—-70% decrease in antibiotic
stewardship exposure without a negative effect on

patient outcome




PCT as a Marker of Sepsis Severity
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Severe
sepsis

In healthy people, PCT concentration are found below 0.05 ng/ml



Diagnostic Accuracy of PCT Compared
to other Biomarkers in Sepsis
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PCT Kinectisc In Sepsis
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PCT plus Clinical Assessment Improves
the Accuracy of Early Sepsis

AUC with PCT:
AUC without PCT:

Clinical model with PCT
o Clinical model without PCT
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Severe sepsis

0.25 0.50 0.75 1.00

1 - Specificity
N=78 ICU pts (SIRS 18, sepsis 14, severe sepsis 21, septic shock 25)




Comparison of PCT & CRP

Castelli, 2004
Luzzani, 2003
Geppert, 2003

D, 2003

Ruokonsn, 2002

Tugrul, 2002
Harbarth, 2001
Suprin, 2000
Selberg, 2000
Muller, 2000

Chewal, 2000

sensitivity

Aouifi, 2000

Ugarte, 1999

Rothenburger, 1999

Benoist, 1998

Global CRP J CRF 0K = 5,43, 95% C1[3.1%, 9.25] -_ . |:|!:| Lufg.

Global PCT SH- POT : OR = 14,69, 95% CI [7.12; 30.27 | - speciftcity
0.1 100 1000 10000
Odds ratio Uzz




PCT for Sepsis: Meta-analysis

Ailawads 1118 (59-23-6) Harbarth?? 10150 (16-86-610-93)

Chanb& 4.86(1.62-14.6)
Gihaot58 10-83(3-63-32.36)
Hausfaterfl 12.06 (5-83-24.97)
ngarten 435 (2.3-827) Bossinks 2.52(1:24-5-09)

Tugrul8s 110 (215-56.25)

Ruckaonen?® 1.94 (1-00-357)

Du®® 115 (295-4477) . ;
1 10 100

5&|I:uerg'5'3 76 (130-41.62) Diagnostic odds ratio

Baumga rbend’ 8.4 (154-4574)

SROC curve
M clart®2 12.04 (277-52.27)

Cheval®® 122 (774-13399) " Sen 71%
Suprint 44 (151128 ' i Sp 71%
Wannersé 1051 (452-24-42) ROC 0.78

Al-Mawasl® 563 (245 9-18)

Sensitivity

Pooled diagnostic odds ratio
{random-effects model) 779 (5-86-10.25)

1
10 100

Diagnostic adds ratio Cochran’s (J=1407; df=12; p=0-2961




PCT-guided Antibiotic Tx

Randomized
controlled trials

Meta-analyses

Observational
studies

Level of evidence

ProSICU
CC 2009
ProVAP 1-PCT
ERJ 2009 CMI 2009
ProRESP ProCOLD ProSEP ProRATA
Lancet 2004 Chest 2007 AJRCCM 2008 Lancet 2010
ProCAP PARTI ProHOSP Registry
AJRCCM 2006 Archives 2008 JAMA 2009 EJCMID 2010
CID 2004 CCWM 2006 LID 2007
LID 2004 AEM 2007
Gold standard?
Selection bias?
PCT cut offs?
Heterogeneity?
© 0 00 © © 90 0 Clinical setting”?
© © ¢ 060 908 ® 0 ©
© ¢ 00 000 ©600 0 0 ©
® 0 © ©® g 0000 ©® © 000 _O©
® ¢ ¢ 00000 600 06 0606 © ©0
© © © © 00O OG0CO © © 00© © 0 © 00
© o 00 000 © © 0000 ¢ ©00606¢
® © ¢ OO0® ©0© © O00 ¢ © o€
I | [ | I I | | I I I | [ =
1990 1995 2000 2002 2004 2005 2006 2007 2008 2009 2010 2011 2012

vear Expet Rev Anti Infect Ther 2010



PCT-guided Antibiotics Stewardship

iIn ProRATA Study

Guidelines for starting of antibiotics*

N=630 ICU pts

-

-

-

b

Concentraticn

Antibiotics stromgly
discouraged

Concentraticon =025
and =05 pgfL

Antibiotics discouragad

Concentration =0-5
and =1 pgfL

.
Antibiotics encouraged

Comncantration =1 pgfl

Antibiotics stromgly
encouragad

v

b

cbtain asecond procakitonin concentration 6-12 h later

Guidelines forcontinuing or stopping of antibiotics

F blood sample taken for calculation of precakitonin concentration at early stage of episcde,

v

«

4

v

Comcentration
=25 pgfL

Stapping of antibiotics
strongly encouraged

Decrease by =80% from
peak concentration,

or concentration

=025 and =05 pgfL

Sopping of antibiotics
encouraged

Decrease by =80% from
peak concentration,
and concantration

=0-5 pgfL

v
Continuing of antibiotics
encouraged

Inc rease of concantration
comparad with peak
concantraticon and
concentration =05 pgflL

v

Changing of antibiotics
strongly encouraged

Figure 1: Guidelines forstarting, continuing, orstopping of antibiotics according to procalcitonin

concentrations
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PCT as a Prognostic Biomarkers

Sepsis Organ Dysfunction Pneumonia
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SRS Sepsis  Severe  Septic Categories in the SOFA score CRB-65 score
sepsis  shock
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Organ dysfunction status PCT (mean + 5E; ng/mL)

Patients not progressing to MODS G4 /127
ARDS 1048 +4.77
ARDS plus ARF 808+ 225
ARDS plus ARF plus DIC 32.72+13.41
ARDS plus ARF plus DIC plus HF ICM 2002 43.35+ 20.98




False +/-tive results of PCT

False-positive False-negative

Acute respiratory distress syndromes Lady infections

Acute graft-versus-host disease Localised infections

Falciparum malanae infections Sub-acute bacterial
endocarditis

Systemic fungal infections

Mechanical and surgical trauma

Chemical pneumonitis

Severe burns and heat strokes, pancreatitis

Familial Mediterranean fever

Malignancies—medullary thyrowd cancer,

small-cell-cancer of the lung, liver
metastasis, carcinoid tumours, and
paraneoplastic syndromes,

reatment with T cell antibodies,
cranulocyte transfusions, anti-thymocyte
clobulin administration, therapeutic TNFzx
administration for melanoma, etc.

Newborns




Potential Biomarkers Iin Sepsis

v STREM-1 (Soluble Triggering Receptor Expressed on
Myeloid cells-1

Marker of Decoy receptor for the TREM-1 ligand:
Infection Inflammatory response modulation

1. Cell surface receptor

""""""

on neutrophils & MQs -

5 5 TLR _Shedding?
2. Innate immunity

TREM-1 ; e
I % I

DAP12

3. Amplify inflammation
and bacterial infection
4. Therapeutic modulation
of TREM-1 with LP17

L]
L
L
L
o
L]
13
L
L
L
L]
L J
L

el Cytokines
AP-1 Chemokines

7t Care 2005:9:485-4&).




Meta-analysis of

STUDY(YEAR) |

El Solh et al 2008
Chen et al 2008

Huh et al 2008
Bishara et al 2007
Chan et al 2007

Kim et al 2007
Kofoed et al 2007
Yun et al 2007
Determann et al 2007
Determann et al 2006
Determann et al 2005
Gibot et al 2004
Gibot et al 2004

COMBINED
38, df = 12.00, p= 0.00
12 = 94.72 [92.88 ~ 96.56)

STUDY(YEAR)

El Solh et al 2008
Chen et al 2008

Huh et al 2008
Bishara et al 2007
Chan et al 2007

Kim et al 2007
Kofoed et al 2007
Yun et al 2007
Determann et al 2007
Determann et al 2006
Determann et al 2005
Gibot et al 2004
Gibot et al 2004

COMBINED

Q = 86.93, df = 12.00, p = 0.00

12 =86.20 [79.81 — 92.58]

0.1 1.0
SENSITIVITY

SENSITIVITY (95% CI

0.66 [0.49 - 0.80)
0.87 [0.66 - 0.97)
0.86 [0.68 — 0.96)
0.78 [0.40 - 0.97]
0.95 [0.77 - 1.00]
0.71 [0.44 - 0.90]
0.82 [0.73 - 0.89]
0.73 [0.50 - 0.89)
0.19 [0.10 - 0.30]
0.73 [0.63 - 0.82]
0.75 [0.35 - 0.97]
0.98 [0.92 - 1.00]
0.96 [0.85 - 0.99)

0.82[0.68 — 0.90]

SPECIFICITY (95% CI)

0.92 [0.78 - 0.98)
0.81 [0.58 — 0.95]
0.90 [0.79 - 0.97)
1.00 [0.74 — 1.00]
0.91 [0.79 - 0.98]
0.74 [0.55 - 0.88]
0.40 [0.27 - 0.54)
0.83 [0.61 — 0.95]
0.95 [0.74 — 1.00]
0.71 [0.44 - 0.90]
0.84 [0.60 - 0.97)
0.91 [0.81 - 0.96]
0.90 [0.73 — 0.98]

=,
=
=
=
]
c
[E]
o

0.5
Specificity

STREM-1

SROC 0.86




Panel of Biomarkers

agnsitivity  Specificity

Reference SEtting Mo.  Biomarkers 51 a1 Cutoff AUC
Tsalik EL et al, 2012 ER: septicemia 336 PCT 18 ~88 g3 ~97 0.1~3.05 ng/mL 0.72
IL-8 14~58 g7~ 98 40~ 500 pg/mL 069
CRP 43~190 33~88 40~ 100 mg/mL 0.75
Harbarth 3 et al, 2001 ICU: infection/SIRS 78 PCT a7 78 1.1 ngfmL 092
IL-8 g7 72 200 pgimL 0.75
IL-8 B3 78 30 pg/mL 0.71
Delannoy B et al, 2009 Cardiac surgery; 32 BPW 100 a3 0.485%T/s 0.95
sepsis/SIRS PCT - - - 0.70
CRP - - - 0.66
Zakariah An et al, 2008 ICU; sepsis (adm/dur) 200 BPW 79/81 9278 0.075%T/s 0.83
PCT 83/83 79756 1 ng/mL -
BPW +PCT 79781 a9h/94 - -
Kofoed K et al, 2007 ER: CAP/SIRS 161 suPAR 35 a7 2.7 ngfmL 0.50
sTREM-1 82 40 3.5 ng/mL 0.61
MIF 80 47 0.81 ng/mL 0.63
PCT 80 58 0.28 ng/mL 072
Meut count 64 74 8.5 x 107 cells/L 0.74
CRP g8a all b9 ug/mL 0.81
Composite 88 78 - 0.88
8 marker test
Gibot 5 et al, 2012 ICU; sepsis 379 sTREM-1 b3.2 86.3 755 pgi/mL 0.73
PCT 83.1 84.9 1.5% ng/mL 0.91
CD&4 Index 84.4 95.2 1.62 0.95
Bioscore with 0 sepsis - 2 or 3 sepsis likely 0.95

3 markers unlikely %




Benefits & Limitations of Sepsis
Diagnostic Tools

Microbiology (Blood Culture) - Standard of care, time to

result, ?Sens., ? Spec.

T—— - Availability, c?sts, variability of
source detection

Molecular Biological Testing - Availability, costs, time to results

Biopsy - Invasive, relatively expensive

] ) Easy to measure, not invasive,
Biomarker Testing (PCT) - relatively inexpensive

Slow kinetics, high impact of

C-Reactive Protein (CRP) - inflammation (specificity), suppressed

by corticosteroids, relatively
inexpensive



Endpoints in Biomarkers
Research in AL

Diagnosis of ALI in high risk patients
Discriminate hydrostatic vs permeability edema

Different outcome (prognosis)

NN X X

Different treatment response
- clinically short- & long-term mortality

v Plasma/serum, BALF, pulmonary edema fluid,
urine, exhaled breath condensate




Biomarkers in Injury & Repair of ALI

INJURY REPAIR

INFLAMMATORY BIOMARKERS
PROINFLAMMATORY ANTI-INFLAMMATORY

. .

S e ——

TNFo IL-1ra

IL-1B IL-10

IL-6 IL-13

IL-8 ‘ ANG-1
ANG-2 Growth factors

S C

INJURY REPAIR

AM activation & Alveolar cytokines,
production of cytokines, growth factors,
ROS, ANG-2, VWEF, ROS

RAGE, SP-D
Injured ,0 )
ep@thelium AT | necrosis &

Surfactant =
inactivation AT I hyperpla§la

Endothelial
dysfunction

Neutrophil : ' : Cytokines,
recruitment S growth factors,
o Dysregulation... 4 ROS
of coagulation/ 4 . /
fibrinolysis # e

Crit Care Clin 2011

vyumc (&)



Endothelial Cell Function in ALI

Lymphatic drainage Lymphatic drainage

Increased -
permeagll Alveolar edema Hyaline

rane

o Alveolus
o]

0,,CO, .

[ °ogoooo 000\ ‘

o
®
o
# 8 \
| o o0 2 o Aquaporins pgpc : 5 X i

caveolae caveolae »
Vessel Pit s PIt-PMN
‘:, complex

vsmC \.' Clottin
= VSMC 9 Cytokines

T —— exc%ange Anti-adhesive, anti- <™ A7), TXA, ET-1 Proteolyticenzymes  PMN adhesion

SNSSSEETNO, PG AT I, coagulant, fibrinolytic Tmzes Thromboxane A,
Vascular TxA, ET-1 L

tone Fse
vasoconstriction

Normal endothelial cell function Endothelial cell responses in ALI
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Ang-Tie system in AL

Released from
WPB upon
/ inflammatory
stimulus

Tie-2

Adhesion molecules Receptor

Leukocyte recruitment Weibel-Palade s

Rho L-—J
— \ - Stabilisation of
(—

'a

cell-cell junctions

VR -
Blood vessel

Ang-1 Survival Anti-inflammatory stabilization

-

Constitutively Endothelial cell
released by

pericytes Pericyte

Trends Immunol/ 2006, (27):552-558




Biomarkers in Injury & Repair of ALI

Pneumonia Aspiration Sepsis Trauma

Endothelium

Epithe!lum
W/zz? UW/—\

'/ “

Coagulation 3
lnflammatlon \

|\
\\.‘-. X
S
H‘l
1l1 o
HN rephag

Potential E-Selectin PCP Il PAI-1

Markers Angiopoietin 2 Protein C SP-D L6
ICAM-1 Clara cell 16 HMGB1

vWF RAGE TNFR-1




Combining Biomarkers

Biomarker No. Alive (n=2354) Dead (n=144) Crverall (N =528) P Value
[1-6, pg/mL 521 (351/140] 209 (92-610) 322 (103-1.670) 244 (94-742) 004
[1-5, pg/mL 528 35 (13-7T4) 64 (13-255) 40 (13-99) =001
TNFER, pg/mL 528 3668 (247565872 G914 (3.291-12.917) 4253 (2,604-5,454) = (01
PROTC, 9 control 528 52 (49-127) 658 (36-102) 78 (45-121) 011
PAI-1, ng/mL 524 (381/143) 54 (29-110) 111 (34-233) 60 (30-143) =001
[CAM, ng/mlL 528 554 (551-1.280) 1,072 (T74-1,536) 024 ((05-1.354) = (M1
SP-D. ng/mL 310(372/138) 032 (49-192) 124 (35-317) 101 (530-217) 010
VWF, % control 528 370 (223-553) 477 (292-T32) 394 (247624 < .01

o _

©

o

© © _

° . - .

With APACHE III : Without APACHE III

< v 7]

o o

o Full AUC = 0.850 o Full AUC =0.823

2 Biomarkers AUC = 0.756 e Biomarkers AUC = 0.756

Clinical AUC =0.815 Clinical AUC =0.757
Reduced AUC =0.834 Reduced AUC =0.811
o o _
o o
T T T T 1 I T T T T I 1 <0
0.0 0.2 0.4 06 08 1.0 0.0 0.2 0.4 06 08 1.0 .
- " Chest 2010 ™,
1-Specificity 1-Specificity




Potential biomarkers in ALI/ARDS

Genes
MADPH oxida

AMGFT
Fas (C095)

Surfactant pro

Ao, Arhgap
Code 148 Fanc
Tgft3, and Tr

IR&ks

nmbALCE

Fas(CDa5),
ANGPT,
nmMLCK p

MNADPA oxidase

TNF- alpha

Fas, ANGPT,

Increased Surfan:tant Cviokine release Lung
permeability  deficient y fibrosis
Caver::lin-:l,
MMP -0, VEGFR,| Lo 0 TNF-alpha, IL,
BAGE PAl-1, IL-10

TMF
ponsss
evidenced
sensitive
lecreased
- alpha,
| malecules.

both AL
Z mofomes

associated

lung injury
cific SMP

=ed for

;rican children
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Sepsis-induced AKI

Ischaemic insult

Systemic inflammation

» Lipopolysaccharide/endotoxin

b J

Haemodynamic injury

» Decreased filtration pressure
1 perfusion pressure
T renal vascular resistance

s Ischaemia-reperfusion

« RAAS activation

= Mecrosis

» Microthrombaosis

= Backleak

= Tubular casts

« Tubular obstruction

- Loss of polarity

« Dedema

gublethal injury

Prerenal

= Hypoxic injury

« Oxidative stress

« Endothelial dysfunction
+ Mitric oxide

Renal cell injury

l.:n._pu'rjt".:l'S-IS-

.

Toxic injury

« Bacterial toxins

= Cytokine-induced injury

= Efferent artericlar
vasodilation

« TGF activation

» Microcirculatory dysfunction

= Apoptosis

« Endothelial injury

= White-cell adhesion

Mecrosls

Renal cell regeneration

Lancet 2012




Biomarkers in AKI

Complications

AR

Normal
kidney
function

<+

Increased

- risk of <>

kidney injury

<1 IGFR

<>

Kidney

failure

Early detection
biomarkers
Serum (NGAL,
Cys C); urine
(NGAL, IL-18,

KIM-1, GST,
L-FABP)

Diagnostic
biomarkers
Serum (NGAL,
Cys C); urine
(NGAL, KIM-1)

Diagnostic
biomarkers
Serum

(creatinine,
urea, Cys ()

Prognostic
biomarkers
Serum (NGAL,
Cys C, creatinine,
urea, IL-6, CRP);
urine (NGAL,
KIM-1)

Lancet 2012




MGAL Urine <2 h post-CPB 2 h post-contrast 48 h pre-AKl 12-24 h post-tx ELISA,
ARCHITECT*

IL-18 Urine 6 h post CPB Mot increased 48 h pre-AKl 12-24 h post-tx ELISA

KIM-1 Urine 12 h post CPB Mot tested Mot tested Mot tested ELISA

L-FABP Urine 4 h post-CPB 24 h post- Not tested Mot tested ELISA
contrast

ML Plasma <2 h post-CPB 2 h post-contrast 48 h pre-AKl Mot tested ELISA, Triage'

W
o
J

|
S .
® D KIM-1 (0.83)
=
S 20 - IL-18 (0.75)
O
O
= e L-FABP (0.8)
E’ 10 -
25 Marker (AUC)
i
O 1 I I | 1} ]
0 2 hr 4 hr 6 hr 12 hr 24 hr

Time post-CPB

yumc €



Cardiac Biomarkers in Sepsis

Inflammatory

e CRP

e Jl-6, IL-1B, IL-10, IL-12, IL-18
e TNFa

e sCD40L

e INFy

e Homocysteine

Endothelial damage

< 2

e Oxidized LDL-C
e ROS
Plaque formation

Plaque destabilisation
e Cytokines

e LP-PLA>

e Adiponectin

° PAPP-A

Myocardial ischemia
° IMA
e H-FABP
e BNP / NT-proBNP
* HSP

Cardiac necrosis
cTn
CK-MB
H-FABP
Myoglobins
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Heart failure
e CAM-1
e BNP / NT-proBNP _
S e BNP / NT-proBNP

* ANP

Myocardial
stretch/stress




Cardiac Stress and BNP
ml Cardiac dysfunction

Fluid management

Renal dysfunction
Mechanical ventilation
Brain injury
Tidal volume? .
Hemodialysis Sepsis
ACE inhibitors
Cardiac cause

Drugs /. / Stress-related

beta-blockers Diuretics

Circulating BNP|

Gender

Biological variation

Individual variation

Cardiac stress

« BNP / NT-proBNP
« Adrenomedullin
« ANP

«ST2
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BNP or NT-proBNP in ICU




NT-proBNP in ALI/ARDS with Septic Shock

-proBNP (pg/ml)
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SOFA (AUC 0.74 95% CI| 0.59-0.84)
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NT-proBNP in ALI/ARDS

EI Responders

D NT-proBNP
change < 30%

|:] Nonresponders

[:| NT-proBNP
change = 30%

:
1
| T T

Baseline 2 hours 6 hours Baseline 2 hours 6 hours
after OLA  after OLA after OLA  after OLA

RVSW/LVSW (%)
RVSW/LVSW (%)

—l_ P=.021
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change < 30%
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T change = 30%
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BNP-guided Weaning

Mumber at risk
Usual care
BhP-guided
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Future Biomarkers

Human specimens &
clinical data

. " Genome sequencing
Bioinformatics
-

ARDS/VILI

Proteomics

Pathogenesis discoveries,
vaccines & therapeutics Tran S| Res 2012




Conclusions

v' Biologic system is so complex and multifunctional

v"No single perfect biomarker

v Combining clinical markers & panels of biomarkers

v
v
v

mprove understanding of pathogenesis
dentify novel targets for therapeutic interventions

n future genomic, bioinformatic, and proteomic

researches will be identify new biomarkers

v Provide tailor therapy
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