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Usefulness of the biomarkers

in ED settings

* Clinical scores for early —

patient triage. EMERGENCY| _

* Clinical scores for initial o Sl
severity assessment which
may assist in site-of-care
decisions.

e Scores for early predicting

nursing needs. TRIAGE NURSE
- Being the worst
* Prognostic biomarkers for makes you first

triage and risk assessment.
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Prognostic assessment Outcomes  Clinical decisions

| Vital signs:

bloodpressure, respiratory rate, heart rate
— Treatment priority Time to treatment?
=0y - Stress blomarkers:
E 3 Hs-TnT, Copeptin, Cortisol
Site of care
outpatient?

Medical ward?
ICU?

Complications
Intensity of treatment?

=
p Organ dysfunction and hormones:

Lactate, thyroid hormones Involvement of

soclal services?
Clinical and nursing scores
“ CURBSS, PSI, MTS, ESIPACD HUBing neede




Types of biomarkers

 Markers of inflammation, infection and vasodilatation.
* Markers of cardiac dysfunction.

* Markers of stress.

* Markers of kidney dysfunction.

* Thyroid hormones

* Markers of endothelial dysfunction and activation.

* Markers of organ dysfunction.
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Table 1 Selected emergency department studies investigating biomarkers from different organ systems for improved prognostic and diagnostic patient
assessment

Setting, patient
population

Study ongoing, preliminary results (1) Treatment priority is as adju-
Around suggest a high-predictive ability of all dicated by the attending physi-

Medical patients, ED,

Proadrenomedullin, PCT, :
Schuetz et al.*  prospective, observa-

copeptin Fool gl 4500 markerrs fn_r 30 day mortality as Ui.rel! as c_ia n_s. (gold Stanfi:?rd] and (2) no
complications and treatment priority  blinding for physicians and nurses
(1) Important gender differences regard-
ing the final diagnoses underlying acute
chest pain; (2) no significant difference in
the diagnostic accuracy of cTnT, hs-cTnT 1) Only patients with chest
Patients presenting to & . y_ S {_ JOnly p -
S 1247 (34% and copeptin, alone or in combination,  pain as predominate symptoms
Copeptin, troponin Balmelli et al.* ; 5;? p; female, in women vs. men; (3) increased risk of enrolled and (2) three lim-
oms suggestive o
AMI uEfE{ 12h 66% male) death to a similar extent in both genders  ited number of markers under
having elevated versus normal concen- investigation
tration of cTnT, hs-cTnT or copeptin and
(4) similar prognostic accuracy by cTnT,
hs-cTnT and copeptin in both genders
Elevated hs-TnT in 57.1% of the entire
cohort and in 52.3% of patients with
non-cardiac diagnoses. Hs-TnT above )
: ) o (1) No serial measurements of
) ; 1176  the median was associated in univariate ; )
Consecutive medical ) - i . troponin, for further characterisa-
. - ) ) patients  analysis with a 3-fold higher mortalityin  _ )
Troponin Iversen et al. and surgical patients tion of the cause of elevation and

(39,2% the entire population. In patients without
female)  past or present ischaemic heart disease
hs-TnT in the upper quartile was associ-
ated in univariate analysis with a 5-fold
higher mortality risk

(2) blood samples were stored for
12 years

aged > 40 years



Table 1 {Contiued)

Biomarker (s) Author, year Setting, pﬂ-tlel'lt Main findings
population

Cortisol levels were significantly elevated
in both adverse outcomes (P < 0.001)
and predicted mortality (Area under the
curve (AUC) 0.70, cut off 795 nmol/L) and
critical pneumonia (AUC 0.71) indepen-
dently of all other measured variables
after logistic regression analysis. Prognos-
tic accuracy of CRB-65 was significantly
improved by adding cortisol levels (com-
bined AUC 0.81 for both endpoints)

(1) No correction for concomi-
tant steroid medication; (2) no
controlling for the time point of
blood sampling and (3) no testing
for adrenal insufficiency

Hospitalised CAP-
patients

Cortisol Kolditz et al.?® aga

The suPAR concentrations in all five
groups were 4.7, 5.0, 4.4, 4.8 and 7.9 ng
mL-1, respectively (P < 0.001). The levels
Patients in the ED were significantly higher in non-survivors
with suspected infec- 539 compared with survivors (8.3 vs. 4.9 ng
tion mL-1, P < 0.001) and in patients with
severe sepsis (group 5) compared with
those in the other groups (7.9 vs. 4.8 ng
mL-1, P < 0.001}

Uusitalo-Seppdla

Only sepsis patients included
et al.3 ¥ Sepsis p

SuPAR

Plasma T3 levels were lower in patients
with sepsis as compared with patients
with SIRS; circulating thyroid hormone
levels measured on admission were not
different in survivors and non-survivors
and thus, did not give helpful prognostic
information

(1) Secondary analysis; (2) no
measurement of TSH levels and
(3) small sample

Critically ill patients in
the medical ICU of an 103
University hospital

Triiodothyronine (T3),

M et al.*®
thyroxin (T4) L

Plasma NGAL is an accurate biomarker

NGAL

Soto et al.*®

Prospective cohort
study, patients admit-
ted from the ED

616

for prediction of AKI in patients admitted
from the ED. Proposal of a three-grade
classification of AKI risk based on plasma
NGAL levels

Mo measurement of other kidney

markers



Table 1 {Contiued)

-
population

ProET-1 levels on admission and changes (1) Exclusion of some patients
from baseline to day 3 were significant  with limiting diseases and (2) no
mortality predictors with adjusted hazard assessment of pulmonary artery

Consecutive patients

ProET-1 Schuetz et al.*®  with definite diagno- 925
<ic of CAP & ratios of 10.5 and 28.4. Initial proET-1 pressure, which may cause an
levels improved the PS5l in reclassification  increase in proET-1 levels inde-
statistics and in c-statistics pendent from sepsis
(1) Timing of measuring lactate
i . in relation to time that a clinician
Acute-phase deaths and in-hospital _ -
. . . ) . first identified the presence of
Consecutive patients deaths increased linearly with lactate. ) ) )
- ; - ) an acute infection not available
with primary or sec- Initial lactate = 4 mmol/L was associated
i - i i ) N for all; (2) lactate measured by a
Lactate Trzeciak et al. ondary diagnosis of 1177 with 6-fold higher odds of acute-phase o .
) . clinician; (3) no comprehensive
infection and serum death; however, a lactate level less than o _
. - . clinical information and (4) no
lactate 4 mmol/L had little impact on probability L L
f death estimations of clinicians for prob-
of de
ability of death prior to obtaining
the lactate measurement
Patients admitted
to a general internal Meither PCT nor CRP was able to discrim- ;
- - _ . . _ (1) Issues concerning the cut-off
medicine ward, > 18 inate infectious (or bacterial) diseases T T T e e el i
PCT, Ruiz-Esteban et and < 85 years of age, - from the other aetiologies as a group, pse slis' (3) s gciﬁiall calection
CRP al. admitted for less than with an AUC of 0.63 (95% CI 0.47-0.79, uf’izeb;ile aF:'Tentj anti (4) small
a week, temperature P =0.15) for PCT and 0.61, (95% CI zam e size
> 38°C the day before 0.44-0.78, P=0.23) for CRP P

their inclusion

Convenience sample, _ _ . -
Higher PCT levels in patients with uncom-
>18-years-old, signs & pa

el e plicated sepsis compared with patients
PCT Hicks et al.?® infection. >38°C or 66 with no sepsis. Better association with
' final diagnosis of sepsis when combina-

blood cult isi-
o0 cuﬁz:& acquist tion of SIRS criteria and PCT levels

(1) Low-risk sepsis cohort and (2)
small sample size

ED, emergency department: PCT, procalcitonin; suPAR, soluble urokinase plasminogen activator receptor; AMI, acute myocardial infarction; hs-cTnT, high-sensitivity cardiac troponin T: cTnT, car-
diac troponin T; hs-TnT, high-sensitivity troponin T: CAP. community-acquired pneumonia; TSH, thyroid stimulating hormone; NGAL, neutrophil gelatinase-associated lipocalin: AKl, acute Kidney
injury: PSl, pneumonia severity index; proET-1, proEndothelin-1; CRP; C-reactive protein; SIRS, systemic inflammatory response syndrome.



Types for the biomarkers

Markers of inflammation, infection and
vasodilatation.

Markers of cardiac dysfunction.

Markers of stress.

Markers of kidney dysfunction.

Thyroid hormones.

Markers of endothelial dysfunction and
activation.

Markers of organ dysfunction.

Biomarkers lab test

Proadrenomedulin (ProADM)
C- reactive protein (CRP)
Procalcitonin (PCT)

High-sensitivity troponin-T assay (hs- Trop T)
N-terminal pro-B-type natriuretic peptides
(NT- pro BNP)

Serum cortisol
Vasopressin and its precursor: copeptin

Creatinine, urea
Neutrophil gelatinase-associated lipocalcin

(NGAL), soluble-form of urokinase-
plasminogen activator receptors (suPAR)

T3, T4

ProEndothelin-1 (ProET-1)

Lactate



C- reactive protein (CRP)

Phaosphaticlviserine or Cyrosol

Celi Membrane FPhosphatidvlethanaolamine
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A Simple Blnﬂn TEST that Can Save Your Life

C-reactive protein (CRP) is a protein produced by the liver and found in the blood.
The level of CRP rises when the body suffers inflammation.

The American Heart Association categorizes the levels of CRP as follows:
* Low CRP - less than 1.0 mg/L

* Moderate CRP — between 1.0 mg/L — 3.0 mg/L
* High CRP - higher than 3.0 mg/L

HEART DISEASE,
ATTACKS & STROKES

CANCER
T

TORI0 S8 e

Home PRemedies SLEEP APNEA

To explore more, visit www.ToplOHomeRemedies.com
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Procalcitonin (PCT)

Figure 1
Primary Structure 116-kD Precursor
Polypeptide of Calcitonin
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Procalcitonin is composed of three sections: the amino terminus
(N-ProCT), immature calcitonin, and katacalcin
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Procalcitonin (PCT)

Precursor peptide from the hormone calcitonin

Has 2 differents type of metabolism depending on the presence of
bacterial infection.

PCT s released in response to bacterial toxins and pro-inflammatory
mediators

PCT is known as one of the most effective markers of bacterial
Sepsis
Only few studies has evaluated the usefulness of PCT in LT patients

(Bloos et al, 2011)

ASATD12
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Sepsis Follow PCT Antibiotic Use
Algorithm

PLT Value <0.25 gL |
Antibiotic Lse Cessation
Recommendation Strangly
Encouraged

0.25-0.49 ug/L 2 0.5 /L and 205 ug/L and rising
or drop by =80% decreased by <B0%% or ot decreasing
Cessation Cessatlon Cascatlon Strongly
Encouraged Discouraged Discouraged

~N_

Conslder continuation If
climically unstable

~.

ayaluation

* A PCT value which s rlsing or not
daclining at least 10% per day is a
paar prograstic indicator and
suggests Infection Is not controlled
* Consider expanding antibiotic
cowerage of further dizgnastic
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LRTI Initial Antibiotic Use Algorithm

PCT Value 0.1 gL 0.1-0.24 pg/L 20,2505 ug'L #0.5 ugL
Antiblotic Use Strongly Strongly
Récommandation Discouraged Dlscouraged Encouraged Encouraged

* Considar afternative diagnasis \'/

+ fiepeat PCT in 6-12 hours if antibiotics nat Repeat EI'EH'_E-? '?aﬁ.ls to cpnslder
begun and na clinical Improvement garly antibiotic cessation

* |f dinically unstable, immuncsuppressed or See Algorithm 2

high rizk consider avarruling (P31 Class V-V,
CURB=Z, GOLD I or 1)



http://www.google.co.th/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj2k9fRspXMAhUMGpQKHQydCI4QjRwIBw&url=http://www.nebraskamed.com/careers/education-programs/asp/procalcitonin-pct-guidance&psig=AFQjCNF-oBYDqkPMSLmFQ18gXSGyAlJhOQ&ust=1460972758163671

Procalcitonin guided antibiotic therapy

<0.1 ug/L

0.1 -0.25 ug/L

|

>0.25 - 0.5 ug/L

>0.5 ug/L

Bacterial infection |

" Bacterial infection

very unlikely unlikely
WITHHOLD AB ! ] Withhold AB

'

|

r""f_PCT control after 6-24 h PCT control after 6-24 h

Consider antibiotics if

- respiratory or
hemodynamic instability

- severest comorbidity

.- need for ICU admission

Consider antibiotics if

- severe comorbidity

- localised infection
(abscess, Empyema)

- compromised host
defense (e.g.
immunosuppression,
neutropenic fever)

- Chronic a/o smouldering
infection (e.qg.
endocarditis, Thc)

S

| Bacterial infection
likely

F Bacterial infection
Very likely

| Startorcontinue AB || START or CONTINUE AB!

l

Reevaluation
after 3, 5 and 7 days

- PCT measurement
- Withhold antibiotics
using above cut offs

\
\
|

}

Reevaluation
after 3, 5 and 7 days

- PCT measurement

- Withhold antibiotics
using above cut offs

- |f Initial PCT levels are
very high, then withhold
when 80-90%

\ decrease of peak PCT |
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N-terminal pro-B-type natriuretic peptides
(NT- pro BNP)

Medscapee ~ wwwmedscape.com

BNP vs NT-proBNP

Ventricular ' Characteristic BNP NT-proBNP

‘ f : . —- ) z \T franment (1-T6)
" Stretch/lschemia : n Componeants ENF malecule NT fragment (1-76)
1 H*lﬂli'r* ':_h‘:{ll.

G , G Wiodecular Weight 4 kaodaltons 82 hlodataons
i i .
b/ ¢

NT-pobP

WA =BRLESPEEAS-RDDRDER =

Tyl t0 20 hours
Inactive

(Henesis

Claavage from proENP

Claavage from proENP

Half-lifi

20 minutes

120 minutes

Clearance Mechanism

Neutral endopeplidase
Clearance receplors

Renal claarance

Ty 20 minutes

Ini: reaiges With harrmal

Aging

t

Active Hormone
palg

Correlation With Estimated
Glameanlar Filtralion Fate

Approved Cutaff(s) for CHF '

Diagnosis

Studies Completad

20

100 paimL

1370

=060

Age <75 125 pa/mlL
Age 275 450 pg/mL

it

Eniry on US Market

Movernbser 2000

Diecember 2002

Adapted with permission from Mt

Culligugh PA gt 2

Rey Cargivast Med, 2003472
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Suspicion of acute heart failure because of symptoms and signs

Examination, ECG, X-ray and NT-proBNP

Patient age (Years) NT-proBNP values (pg/mL)

<50 <300 300-450 > 450
50-75 300-900 >900
>75 300-1800 >1800
Interpretation ‘Acute CHF unlikely Acute CHF less ikely, ~ Acute CHF likely, consi-
' alternative causes must ~  der confounding factors
be considered

NPV = 98% PPV = 920
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Serum cortisol
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* Relative adrenal insufficiency

* CIRCI : Critical illness induced
corticotrophin insufficiency
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Adrenal insufficiency

and SEPSIS

® mech of dysfxn of HPA axis ¥ ACTH stimulation test is not
during acute illness are recommended (2B)

complex & poorly understood 5
(prob. due to | prod’n of CRH,  °* HYDROCORTISONE DOSE

ACTH & cortisol, & dysfxn of SHOULD BE = 300 MG/DAY
their receptors (1A)
® Corticosteroids *k Dexamethasone should not

be given (2B)
“ Consider IV hydrocortisone

for adult septic pxs when “¢ Corticosteroids should not
hypotension responds poorly be given in the absence of
to adequate fluids and shock (1D)

vasopressors (2C)

Surviving Sepsis Campaign: International guidelines for management of severe sepsis
and septic shock:


http://slideplayer.com/slide/7442607/

Neutrophil gelatinase-associated
ocalcin (NGAL)

NGAL - what is it?

Ctied- o Neutrophil gelatinase-associated

lipocalin (NGAL) is a 25-kDa
epithelial protein that is covalently
bound to gelatinase from human
neutrophils.

e 178 aa disulfide-bridged polypeptide

chain

" Calculated molecular mass: 22 kDa

" Apparent molecular mass: 25 kDa
(glycosylation)

" Forms complex with 92-kDa matrix
metalloproteinase-9 (MMP-9;

gelatinase B) - capable of protecting
from degradation by interacting with this
protein.

NGAL - Role

Tilts the overall balance of proximal tubule cell fate toward cell survival after
5 ischemic injury

Upregulated in the post-
Plays a ischemic kidney, in
renoprotective , \[€7:\ 1 tubular epithelial cells
role in ischemic that are undergoing

w \  [Neutrophil polfeaion
Gelatinase
Associated e
: , Can enhance the epithelial
LIpOCa | N phenotype, based at least in part

Functions as an ron- on its ability to ameliorate tubule
trangporting prote|'n 3 =2 ell apoptosis and enhance tubule
during nephrogenesis cell proliferation
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AKI
Threshold

Upper
Limit
Normal

-

R B B B

"""

NGAL m m— NOA TIlL
KIM-1 AKl = No AK] ###se»

Cystatin-C AKl = NoAK] *++***
Creatinine AKI ==  No AK] ******

s--------- LA B B B B B N _ER B B _ R B B B B _J_N_JR_J



http://anesthesiology.pubs.asahq.org/article.aspx?articleid=1932972

Biomarker time-course
[ €€ Therapeutic window >

Ef

Creatinine

Cystatin C

§ NGAL

0 3-6 24 48 Time (i'murs)

1

Mcllroy DR, Wagener G, Lee HT. Anesthesiology 2010; 112: 998-1004
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Abstract

Abstract

Methods: This was a retrospective observational st
consecutive critically ill patients from four Australian
dynamic lactate values collected in the first 24 hours

Results: We obtained 36,673 lactate measurements i
the time weighted average lactate (LACny,a) and the
independently predictive of hospital mortality with £
one unit increase in LACqypq and LAC, 3, the risk of
0.0001) and by 15% (OR 1.15, 1.10 to 120; P < 0.000
Acute Physiology and Chronic Health Evaluation Il (4
0.0001) achieving almost 90% accuracy. When all lact
combination of LACr, and LAC,,. significantly out
such as admission lactate, maximum lactate and mir
Conclusions: In the first 24 hours following ICU adn
independent predictive value, improve the performa
are superior to simple static indices of lactate concel

Keywards: lactate, hyperlactaemia, dynamic, intensiv

Introduction

In the eritically ill, a higher admission blood lactate ¢
centration is associated with a higher risk of death [1
We recently reported that even within the current 'n
mal range’ (< 2.00 mmol.L ") a higher admission bl
lactate concentration is associated with significar
increased hospital mortality [4], a finding which sugg
that even the subtle perturbations of lactate homeost
may be important.
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Introduction: Dynamic changes in lactate concentrations in the critically ill may predict patient outcome more
accurately than static indices. We aimed to compare the predmuve value of dynamic mdmes of lactatemia in the
first 24 hours of intensive care unit (ICU) admission v
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Increased blood lactate levels (hyperlactataemia) are comman in critically ill patients. Although frequently used to
diagnose inadequate tissue oxygenation, ather processes not related to tissue cxygenation may increase lactate
levels, Especially in critically ill patients, increased glycolysis may be an important cause of hyperlactataernia,
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Abstract

Introduction: Serum lactate level may carrelate with no-flow and low-flow status during cardiac arrest. Current
guidelines have no recommended durations for cardiopulmonarny resuscitation (CPR) before transition o the mext
strategy. We hyporhesized that the lactare lewvel measured during CPR could be associated with the survival
probkability and accordingly be useful in estimating the optimal duration for CPR

Methods: We conducted a retrospective abservational study in a single medical centre and included adult patients
who had suffered an in-hospital cardiac arrest beowesn 2006 and 2012 We used multivariable logistic regression
analysis to study the association of lactate level measured during CPR and outcomes. We used generalized additive
mcdels to examine the nonlinear effects of continuous wariables and conditional effect plots to visualize the
estimated survival probability against CPR duraticn.

Results: Of the 340 patients included in ouwr analysis, 50 patients (14.7 96) survived o hospital discharge. The mean
lactate lesal was 9.6 mmolil and mean CPR duration was 288 min. There was an inverse near-linear relationship
between lactate level and probability of survival to hospital discharge. A serum lactate level =9 rmol/L was
positively associated with patient survival 1o hospital discharge (odds ratio 2,00 95 % confidence intencal 1.01-4.06).
The optimal CPR duration may not be a fiked wvalue but depend on other conditions.,

Conclusions: Serum lactate level measured during CPR could correlate with survival outcames. A lactate lewvel
threshold of @ mmol/l may be used as a reference value o identify patients with different survival probabilities and
determine the optimal CPR durations.

Introduction remains high, with only about 18 % of patients surviving to
Maore than 200,000 hospitalized adult patients experi- hospital discharge [1].

ence in-hospital cardiac arrest (IHCA) annually in the The causes of high mortality could be due to the
USA with an estimated incidence of 1.6 per 1,000 hos- inability to establish rapid return of spontaneous circu-

pital admissions [1]. The survival rate from 1HCA has lation {(ROSC) leading to subsequent multi-organ failure.
increased over the past decade [2], probably due to eadier Extracorporeal ©PR {ECPR) has beem advocated as a
recognition of cardiac arrest. higher quality of cardiopulmo- novel alternative for cardiac arrests that are considered
nary resuscitation (CPR), and improved post-resuscitation refractory to initial conventional CPR [5. 6]. especially
care [3, 4]. Despite this progress, mortality following IHOCA for IHCA [7]. Nevertheless, the term, “refractory cardiac
arrest,” is ill-defined. Most studies on ECPR have used
CPR duration as an indicator of futile resuscitation,
< Comespandence: wichen SEsE@nEL AR which wvaried from 10 to 15 minutes [7—9] and led to
*Depanment of Emergency Medicine, Nasonal Tamwan University Hospaal initiation of ECPR within 30 to 60 minutes of CPR.
and Maticnal Taiwan lJnlvPl‘.hy College of Medicine, Mo 7. Zhongshan 5. Rd. However, using CPR duration alone may not be an
Eromeqricng DSk Tolpel Sy 100, Tohuan BELS accurate indicator for estimating survival probability and
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