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BNP

NT-proBNP

Galectin-3

hsTn I

sST2 Cystatin C

Copeptin

Adrenomedullin

MR-proADM

NGAL

So many Cardiac markers…which to use?



Biomarkers for HF:Introduction I

• Biomarkers for Diagnosis

• Prognostic Biomarkers

• Acute Kidney Injury Biomarkers



Importance of early therapies for AHF 
as consequence of prompt diagnosis

• In 46,599 patients with ADHF (ADHERE)

• a delay in Treatment was associated  with:

• 250% ↑ in acute mortality;

• 150% ↑ in Hospital length of stay 

W.F. Peacock,S. Di Somma et al.   Congest Heart Fail. 2008 14:17-20



Di Somma S. et al. The emerging role of biomarkers and bio-impedance in evaluating hydration status in patients with acute heart failure Clinical Chemistry lab. Medicine 2012 

Di Somma et al. Use of BNP and bioimpedance to drive therapy in heart failure patients. Congestive Heart failure 2010

Acute Heart Failure in ED



C. Mueller ,S.Di Somma et al. European Heart Journal: Acute Cardiovascular Care 2015



HF Management Guidelines:

ESC guidelines: European Journal Heart Failure (2012) 33, 1787–1847





Distribution of subjects with a HI ≤ 74.3% 
(hyperhydration) stratified by BNP levels between 
100-400 pg/mL:

ROC curve for diagnosis of AHF in patients with 
BNP values between 100-400 pg/ml using HI: 

AUC  0.77: HI cut-off > 79.2% (p <0.0001)

Di Somma S. et al Eur Heart J: Ac Card Care, 2014: vol. 3; 2, 167– 175 

BIVA Diagnostic value in BNP grey-zone



In volume overloaded patients: BNP level = baseline 

BNP (dry) plus altered forms of BNP

Dry ( NYHA Euvolemic state)
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BNP vs NT-proBNP Serial Assessment 

S Di Somma et  al. Congest Heart Fail.2008;14:21-24



NPs Prognostıc value: discharge opportunity
after BNP decrease: The Italian RED study

1 - Specificity

0.0 0.2 0.4 0.6 0.8 1.0

S
e

n
s
it
iv

it
y

0.0

0.2

0.4

0.6

0.8

1.0

Percent change at 24h

Percent change at discharge

-25.9%

-46.3%

Di Somma S. et al.   Critical Care 2010 

Probability of new cardiovascular 

events or rehospitalitation











Procalcitonin for diagnosis of Pneumonia in patients with S.O.B in ED



Additive value of PCT to Physician-estimated probability of pneumonia



Outcome of patients based on use or not of Antibiotics /PCT admission Levels



NPs +PCT  for distinguishing S.O.B.

A. Maisel ,.Di Somma et al. Eur  J Heart F 2012 mar;14(3)278-81 



Biomarkers for HF:Introduction II

• Biomarkers for Diagnosis

• Prognostic Biomarkers

• Acute Kidney Injury Biomarkers



Heart failure is associated with a devastating burden

• During acute episodes patients stay in hospital for a median of 8 days5

• 4–7% of patients do not survive the initial acute HF episode5–7

• Within one year :

• ~20% of patients will die8

Within 5 years mortality rate is ~50% ..more than some 
Cancers…

1. Dickstein et al. Eur Heart J 2008;29:2388–442; 2. McMurray et al. Eur Heart J 2012;33:1787–847; 3. Cowie et al. Improving care for 

patients with acute heart failure. Oxford Health Policy Forum 2014; 4. Rodriguez-Artalejo et al. Rev Esp Cardiol 2004;57:163−70; 5. 

Maggioni et al. Eur J Heart Fail 2010;12:1076–84; 6. Nieminen et al. Eur Heart J 2006;27:2725–36; 7. Cleland et al. Eur Heart J 

2003;24:442–636; 8. Maggioni et al. Eur J Heart Fail 2013;15:808–17



Heart Failure  Readmissions and

Progression of the disease

Jain P et al. Am Heart J. 2003; 145: S3
Time

V
e
n

tr
ic

u
la

r 
fu

n
c

ti
o

n

Acute event With each event, 

hemodynamic alterations 

contribute to progressive 

ventricular dysfunction.

Despite optimal treatment and care , 

20-30 % of heart failure patients are 

readmitted within 30 days. 



Troponin related in-hospital mortality

, 
67,924 ADHF patients

4240 (6.2%) positive for troponin 
on admission

Mortality rate

Troponin positive cohort:

8.0%

Troponin negative cohort:

2.7%









Logistic regression: 
In hospital death prediction

Odds Ratio (P value)
Univariate

Odds Ratio (P value)
Multivariate

Odds Ratio (P value)
Multivariate

Age 1.04 (<0.001) N.S. 1.04 (<0.039)

Past history HF 1.98 (<0.007) N.S. 1.33 (<0.023)

Past history Renal 
failure

2.71 (<0.0005) N.S. N.S.

Heart rate 0.99 (<0.074) N.S. N.S.

Systolic BP 0.99 (<0.071) N.S. N.S.

Respiratory rate N.S. N.S.

NYHA 1.67 (<0.023) N.S. N.S.

Urea 1.078 (<0.0005) 1.091 (<0.0005) 1.069 (<0.015)

Creatinine 1.008 (<0.0005) N.S. N.S.

Na 0.929(<0.0005) 0.913 (<0.0005) 0.916 ((<0.0005)

Troponin I N.S. N.S. N.S.

NTproBNP (admission)
3.22 (<0.001) N.S. N.S.

bio-ADM (admission) 10.75 (<0.0005) - 5.182 (<0.001)

Model without bio-ADM      bio-ADM added in modelbio-ADM better than NT-proBNP
Ng LL et al, 2015



Logistic regression: 
30 day death/HF prediction

Odds Ratio (P value)
Univariate

Odds Ratio (P value)
Multivariate

Odds Ratio (P value)
Multivariate

Age 1.04 (<0.006) 1.03 (<0.048) 1.04 (<0.021)

Past history HF 1.66 (<0.06) N.S. 1.33 (<0.023)

Past history Renal failure
N.S. N.S. N.S.

Heart rate N.S. N.S. N.S.

Systolic BP N.S. N.S. N.S.

Respiratory rate 1.035 (<0.024) 1.03 (<0.055) 1.038 (<0.023)

NYHA N.S. N.S. N.S.

Urea 1.032 (<0.021) N.S. N.S.

Creatinine 1.004 (<0.017) N.S. N.S.

Na N.S. N.S. N.S.

Troponin I N.S. N.S. N.S.

NTproBNP (discharge)
1.98 (<0.021) N.S. N.S.

bio-ADM (discharge) 7.56 (<0.0005) - 6.36 (<0.0005)

Ng LL et al, manuscript in preparation Slide 29

Model without bio-ADM    bio-ADM added in model



In AHF bio-ADM admission levels are 
associated with the use of Inotropes

Ng LL et al, manuscript in preparation

Slide 30

AUC = 0.75

bio-ADM is considerably higher in 
patients requiring inotropes



MrproADM and Copeptin for Dispneic patients

Severity Risk stratification



Normal  

Cardiomyocytes

S. Di Somma et al.   European Journal of Heart Failure 2004; 6:389-398

HF Cardiomyocyte

death in explanted heart



Picrosirium in explanted heart (post-ischemic cardiomyopaty.)

Replacement Myocardial Fibrosis

Di Somma S. et al Heart ,2000









ST2 is Higher in Patients with Acute HF

Adapted from Januzzi et al, J Am Coll Cardiol, 2007

P<0.0001
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P<0.0001



In ADHF Risk is Much Higher if ST2 >35 ng/ml



30 days events in patients with ED ST2 >35 ng/ml 
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Di Somma S., Cardelli P.  et al 2015
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Biomarkers for HF:Introduction III

• Biomarkers for Diagnosis

• Prognostic Biomarkers

• Acute Kidney Injury Biomarkers
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Cardiac-renal Syndrome type I

Am J Manag Care. 2008 Dec;14(12 Suppl Managed):S273-86





Diuretic dosage and kidney function



Diuretic Resistance

Speaker

Jentzer J.C. et al  JACC Nov 2;56(19):1527-34. 2010



AKI in Acute Heart Failure

Ronco C. et al. JACC 2008,52



WRF and poor outcome



40%

L.O.S : 5 days L.O.S :  12 days

Cardiorenal  Syndrome type I  in ED



A K I Diagnosis in ED:
RIFLE criteria Limited Utility in ED

Risk

Injury

Failure

Loss

ESRD
End Stage Renal Disease  

GFR Criteria Urine Output Criteria

UO < .3ml/kg/h

x 24 hr or 

Anuria x 12 hrs

UO < .5ml/kg/h

x 12 hr

UO < .5ml/kg/h

x 6 hr

Increased creatinine x 2

or GFR decrease   > 50% 

Increase creatinine x 3

or GFR dec >75%

or creatinine 4mg/dl
(Acute rise of 0.5 mg/dl)

High

Sensitivity

High

Specificity

Persistent ARF** = complete 

loss of renal function > 4 weeks   

Increased creatinine x1.5

or GFR decrease > 50% 

Placement of urinary  
catheter may not be 
indicated   and  only 63.5% 
of  patients presenting to 
ED  have documented 
baseline                 sCr.



Emergency Department Overcrowding

Arthur L. Kellermann, M.D., M.P.H

Volume 355:1300-1303, 2006, Number 13

An overburdened system that is rapidly approaching its 

limits. During the past decade, emergency department 

visits have increased by 26%, while the number of 

emergency  departments has decreased by 9% and 

hospitals have closed 198,000 beds.  
With more patients needing care and fewer resources to 

care for them, emergency department crowding was 

inevitable

http://search.alice.it/tools/service/immagini/preview.cgi?qs=ambulance&imgsz=&offset=0&url=http://www.dbh.nhs.uk/about_us/board_of_directors/whos_who/facilities/estates_operational/patient_transport_services/south_yorks_ambulance_service.asp&img=vRb5qTYWN1FE-M:http://www.dbh.nhs.uk/Library/MediaServicesImages/ambulances 2005.jpg&formato=864x864 pixel, 233K - jpg&oimg=http://www.dbh.nhs.uk/Library/MediaServicesImages/ambulances 2005.jpg
http://search.alice.it/tools/service/immagini/preview.cgi?qs=ambulance&imgsz=&offset=0&url=http://www.dbh.nhs.uk/about_us/board_of_directors/whos_who/facilities/estates_operational/patient_transport_services/south_yorks_ambulance_service.asp&img=vRb5qTYWN1FE-M:http://www.dbh.nhs.uk/Library/MediaServicesImages/ambulances 2005.jpg&formato=864x864 pixel, 233K - jpg&oimg=http://www.dbh.nhs.uk/Library/MediaServicesImages/ambulances 2005.jpg
http://content.nejm.org/
http://content.nejm.org/


Importance of Time  in Acute Kidney Injury:
we  need  AKI biomarkers !

In ACS Time is Myocardium !!
And we have troponin…

IN AKI Time is important to stop the 

progression of  nephrons loss ? ?

We need  AKI biomarker like 

troponin…. 







BNP+NGAL admission utility in 
Cardiorenal Syndrome type 1







pro-ENK vs. eGFR
in the general population

n=4453
r= -0.33,
P< 0.0001

 Strong association of pro-ENK with kidney function in healthy subjects



pro-ENK: normals < 80 pmol/L NGAL: normals < 0.1 µg/mL

 pro-ENK: Majority of patients without kidney failure are within normal range, despite inflammation.

 NGAL: elevated above normal range for almost all patients.

Diagnostic and short-term prognostic utility of plasma Pro-Enkephalin (pro-ENK) for Acute Kidney Injury 

in patients admitted with sepsis in the Emergency Department 

Marino R. Di Somma S. et al JNEP 2014







No
functional or 
structural 
changes

Structural 
changes without 
loss of function

Potential Future AKI Diagnostic Criteria

Murray PT, et al, for the ADQI Workgroup: Kidney Int ,  Oct. 2013



The Ideal Cardiac Biomarker
2007 2013

Sensitive and specific Either highly sensitive (diagnosis) OR 
highly specific (treatment effect)

Reflects disease severity Reflects abnormal 
physiology/biochemistry 

Correlates with prognosis Prognosis is most meaningful if level is 
clinically actionable 

Should aid in clinical 
decision making

Should be used as a 
basis for specific 
“biomarker guided-
therapy”

Level should decrease following effective 
therapy 

“Bio-monitoring” during treatment is an 
effective surrogate of improvement 



vasodilators

-

diuretics

+

Neurohormones can affect cardiac 

function either directly or by modulating 

preload, afterload, natriuresis, and 

diuresis.

ADH, antidiuretic hormone; ET1, endothelin-1; NPs, natriuretic peptides

RAAS, renin-angiotensinaldosterone system; SNS, sympathetic nervous system

AHF: pathophysiology and treatment

“afterload mismatch”:

interaction between a progressive 

decrease of systolic function and an 

acute increase of vascular resistance.





Acute Heart Failure: PHARMACOLOGICAL INNOVATION



*p  0.05, **p  0.005, ***p  0.001



McMurray, et al. N Engl J Med 2014; ePub ahead of print: DOI: 10.1056/NEJMoa1409077.



Primary end point 

McMurray, et al. N Engl J Med 2014; ePub ahead of print: DOI: 10.1056/NEJMoa1409077.



New Telemecine Device 



• They should be used as a tool together
with clinical experience;

• You need to know:

• clinical indications, 
cut-off ranges and limitations of the 
biomarker

Biomarkers should be used wisely

A fool with a tool is still a fool.....



Sant’Andrea  

Emergency –Medicine  Group


