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Ischemia and cardiovascular 

diseases

• Atherosclerosis

• Deepvein thrombosis

• Environmental factors (lifestyle, diet, alcohol)

• Risk factor –age,obesity, diabetes, lipid 

disorders

• Genetics



Visvikis Siest et al., Curr Opin Lipidol 2006
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Complexity of cardiovascular 

diseases
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Figure 3 Circosplot showing 163 risk loci for CAD under the

chromosomes, where they are located.

Genetic aspects of cardiovascular 

diseases
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Myocardial injury





Acute myocardial infarction





Cut off value vs reference limit



Model interpretation



AMI type I



AMI type II



AMI type II





Diagnostic tests recommended

in disgnostics



Laboratory markers of myocardial
necrosis

 Myoglobin

Elevation 2 hours after onset , maximum after 6 - 9 hours 

and after 36 hours back in reference interval

False positive results – muscle injuries (manual  

resuscitation, impaired renal filtration)

 Important negative predictive value (between 2-12 hour) –

(60% NPV 3 hrs after onset of ischemia , 90% NPV 4 hrs after) –

exclusion of acute coronary lesion

Reference values
0 - 15 yrs: 15 - 50 μg/l,

Males: 15 - 150 years: 23 - 72 μg/l, Females: 15 - 150 yrs: 19 - 51 μg/l



Cardiac troponins

Troponin T

Elevation of TnT in 4 – 6 hours, elevation during 10 days - 2 weeks , 

Troponin I

 6 hours after onset of ischemia with 7 – 10 days duration

Reference values and diagnostic cut offs are assay dependent

Senzitivity NPV Specificity PPV

cTnI 95 61 34 85

cTnT 78 83 71 65

99. percentile

Absolutely Cardiospecific





Troponins in other 

pathophysiological states

• 1. CNS contusions and brain bleeding

– elevation of intracranial pressure → secretion of catecholamines →cardiomyocyte 
damage → cardiopulmonal dysfunction→ ↑cTn→ ↑↑Cardiovascular mortality

• 2. Malignant neoplasias - anthracycline, cycofosfamide, trastuzumab (Herceptin),
5-fluorouracyl, doxorubicin – cardiotoxicity

• 3. Extreme exercise – Elevation of cTnI 2-4 hours after exercise

• 4. Invazive and noninvazive therapeutical procedures

cathetrisation, use of defibrillators – short timed elevation of cTnI

• 5. Cardiosurgery
- (less invazive) –↑cTnI during three days post operation

- non extracorporal - ↑cTnI during three days post operation – long time - perioperative AIM

- Extracorporal - ↑cTnI during three days post operation



Troponins in other 

pathophysiological states
• 6. Myocardial contusion ↑cTnI in 15 – 53% of cases (atrial disfunction,  

cardiogenic shock, arrhytmia), during 3-6 hours after contusion with 
prolonged elevation.

• 7. Malignant tumours – leukemias – ↑cTnI chemotherapy

• 8. Myocarditis – ↑cTnI in 40% viral myocarditis (no elevation in bacterial
myocarditis), maximal concentrations in 1. - 2. week

• 9. Perinatal period – acute tocolysis, perinatal asphyxia

• 10. Lung embolia –↑cTnI in admission, maxima in 10 hours, elevation
during 30-40 hrs, slower increase

• 11. Burn trauma – cTn elevated in large burns 30% of body, elevation after 
6 hours with maxima after 12 hrs, continuous elevation – risk of toxemia



Troponins in other 

pathophysiological states

• 12. Renal disease – ↑↑cTnIin ESRD and after hemodialysis

• 13. Sepsis, septic shock, multiorgan failures– elevated cTnI – worse 

prognosis, ↑↑↑cTn

• 14. Percutaneous coronary intervention (PCI) – ↑cTnI in 5-73%, 

especially in patients with UAP

• 15. Coronary artery bypass graft (CABG)- ↑cTnI 2-6 hours after

operation, max 18 – 48 hours, decrease in 3-6 days

• 16. Heart failure –↑cTnI in 11-60% , risk and morbidity stratification



pathology Elevation of cTn (%)

Extracorporal cardiovascular operation 100 %

Burn trauma (more than 30%, 3-5. days) 100 %

Perinatal asphyxia 100%

Sepsis, hypovolemia, hypotension 100%

Radiofrequent ablation after 24 hrs 88%

Multiorgan failurewith renal failure 83%

Acute tocolysis 3. day 80%

Septic shock 75%

Cardiovascular operation without extracorporal (3.day) 75%

Subarachnoidal bleeding 60%

Chronic hemodialysis (>1 year) 60%

High dose chemotherapy (anthracyclines) 40%

Heart contusion 40%

Myocarditis (1.- 4. week) 35%

End stage of renal disease without hemodialysis 30%

Chronic hemodialysis(< 1 year) 30%

Defibrilator implantation (24 hours) 25%

Minimal invasive cardiovascular operation (1.-3. day) 20%

Stent (1.-3. day) 10%

Summary of elevation Tn i various pathological states





Cardiac Troponins
Advantages:

• Cardiospecifity

• High diagnostic sensitivity

• Elevation of concentration - result of myocardial necrosis

• Elevation of concentration correlated with large 

of myocardial necrosis

• Long time elevation of concentation

• Fast analytical methods

• Changes in concentrations are inevitable for changing 
medical therapy

• Evaluation of spontaneous and therapeutic thrombolysis

• Short and long time risk stratification



Cardiac troponins
Disadvantages

• Relatively late elevation after the start of necrosis 
(3 hours)

• Analytical variability (different methods –
different results)

• Biological variation – interindividual and 
intraindividual

• Values are population dependent

• Age related values



Cardiac troponins



hs cTnI vs cTnI

hsCTn assays – detection of negative TnI values

hs cTnI conventional

cTnI (POCT)

Units ng/l

Sex-specific cut off 

(156 ng/l F, 342 ng/l M) 

CV < 10 %

μg/l

one cut off

(0,300 ug/l)

CV < 20 %



Practical case I

- Woman 62 years, atypical chest pain, hypertension, smoker > 25 years,
pain released into the left shoulder, at rest or in exercise during last 2
month

1. Measured at admission in ED:

ECG normal, cTnT (POCT) < 0,01 μg/l (cut off = 0,01 μg/l)

2. Measured in central laboratory (hs Tn)

hsCTnT (high sensitive) = 15 ng/l (cut off 10 ng/l) !!

Diagnosis – stable CAD

Conventional TnI vs hs CTn



hsCTnI
• cut off

• Diagnostic sensitivity

• Diagnostic specificity





Delta troponin

1)Relative

Δ= [ (cmax 3h or 6 h) –c0)/c0 x 100] [%]

2) Absolute

Δ= cmax 3h or 6 h) –c0 [ng/l]

Absolute or relative change of cTn value – clinically relevant change

Two serial measurements 0-3 or 6 hours after admission

Change of CTn concentration in 0,3 or 6 hours - 20% change of value is 

clinically relevant (NACB)



Na 149 []* mmol/l 137-146

K 4,9 [*] mmol/l 3,8-5,0

Cl 118 []* mmol/l 97-108

Ca total 2,32 [*] mmol/l 2,05-2,54

Ca++ 1,49 []* mmol/l 1,13-1,32

Osmolality 321 []* mmol/kg 285-295

Osmolality calculated 319 []* mmol/kg 285-295

Glucose 9,0 []* mmol/l 3,3-5,8

ALT 1,25 []* ukat/l 0,17-0,78

Amylase 4,22 []* ukat/l 0,30-2,28

Bilirubin total 13,1 [*] umol/l 2,0-17,0

Bilirubin direct 4,0 [*] umol/l 0,0-5,1

Urea 11,8 []* mmol/l 2,8-8,0

S-CREA
81 []* umol/l 19-62

hs TnI + delta

hs Troponin I – 3 h. 107,1 []* ng/l cut-off AIM: M: 342; F: 156 0,0-33,6

hs Troponin I – 0 h. 569,8 []* ng/l 0,0-33,6

Absolute delta hs TnI -462,7 ng/l
Relative delta hs TnI -81,20 %

Myoglobin 23,0-72,0716,7 []* ug/l

Practical cases of delta troponin (3 hours algorithm)

Diagnosis ?



Na

K

Cl 

ALT

GGT (GMT)

Bilirubin total 

Urea

132 *[] mmol/l

4,3 [*] mmol/l

102 [*] mmol/l 

0,18 [*] ukat/l 

0,23 [*] ukat/l 

24,6 []* umol/l 

28,0 []* mmol/l

137-144

3,9-5,3

98-107

0,10-0,63

0,15-0,92

3,0-19,0

2,9-8,2

S-CREA

Creatinin

eGFR-krea-(CKD-EPI)

174 []* umol/l

0,54 ml/s/1,73 m2

55-96

3,1 [*] ng/l

<2,0 ng/l

cut-off AIM: M: 342;F: 156 0,0-34,2

0,0-34,2

hs TnI + delta hs

Troponin I – 3 h.

hs Troponin I – 0 h.

Absolute delta hs 

Relative delta hs TnI

no result  

no result

CRP-HS 109,7 []* mg/l 0,0-5,0

Practical cases of delta troponin (3 hours algorithm)

Diagnosis ?



Na 137 [*] mmol/l 137-144

K 4,2 [*] mmol/l 3,9-5,3

Cl 92 *[] mmol/l 98-107

ALT 0,34 [*] ukat/l 0,10-0,63

GGT (GMT) 0,58 [*] ukat/l 0,15-0,92

Bilirubin total 6,1 [*] umol/l 3,0-19,0
Urea 23,6 []* mmol/l 2,9-8,2

S-CREA

Creatinin 378 []* umol/l 42-80

eGFR-krea-(CKD-EPI) 0,16 ml/s/1,73 m2

hs TnI + delta

hs Troponin I – 3 h. 116,8 []* ng/l cut-off AIM: M: 342; F: 156 0,0-15,6
hs Troponin I – 0 h. 37,8 []* ng/l 0,0-15,6

Absolute delta hs TnI 79,0 ng/l
Relative delta hs TnI 208,99 %

Practical cases of delta troponin (3 hours algorithm)

Diagnosis ?



Na 140 [*] mmol/l 137-144

K 4,8 [*] mmol/l 3,9-5,3

Cl 103 [*] mmol/l 98-107

Ca total 2,27 [*] mmol/l 2,05-2,40

Mg 0,74 [*] mmol/l 0,66-0,99

Mg++ 0,43 *[] mmol/l 0,45-0,62

Osmolality 301 [*] mmol/kg 280-301

ALT 0,25 [*] ukat/l 0,10-0,63

GGT (GMT) 0,52 [*] ukat/l 0,15-0,92
Urea 7,7 [*] mmol/l 2,9-8,2

S-KREA
Creatinin 436 []* umol/l 42-80
eGFR-krea-(CKD-EPI) 0,13 ml/s/1,73 m2

hs TnI + delta hs

Troponin I 3 h. 26,4 []* ng/l cut-off AIM: M: 342; F: 156 0,0-15,6

hs Troponin I – 0. h.

Absolute delta hs TnI

Relative delta hs TnI

24,6 []* ng/l

1,8ng/l

7,32 %

Total protein 57,3 *[] g/l 62,0-77,0
CRP-HS 1,9 [*] mg/l 0,0-5,0

Practical cases of delta troponin (3 hours algorithm)

Diagnosis ?



https://doi.org/10.3390/biom12101496
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Strategy for laboratory test and 

sampling



One Hour algorrhitm



CTnI assay specific cut offs









Natriuretic peptides



Cleavage of NP

(1-134)

26 AA signal  

peptide

(1-108)

(1-76)
(77-108)

Natriuresis

Diastolic 

relaxation

Vazodilatation

RAAS

↑ wall  

stress



Natriuretic peptides

Nonactive fragment Active peptide



Natriuretic peptides

Natriuretic peptides

Natriuresis 

Diuresis 

Vazodilatation

Inhibition of renine and aldosterone 

Antifibrotic efect

Renin-angiotensin-aldosterone system

Retention of natrium 

Antidiuretic efects 

Vasoconstriction 

Fibrotization





Discrimination of cardiac 

and non-cardiac dyspnea

B-type natriuretic peptide: Issues for the intensivist and pulmonologist. Phua, Jason; Lim, Tow; Lee, Kang, 

Critical Care Medicine. 33(9):2094-2013, September 2005.





Concentration Heart failure Comments

Extremely elevated concentration

(BNP > 500 ng/l, NTproBNP > 1000

ng/l)

Decompensated heat failure

Grey zone

(BNP 100 – 500 ng/l, NT-proBNP

250 – 1000 ng/l)

Ventricular dysfunction

Acute coronary syndrome ↑Cardiovascular mortality if levels

remains elevated

Unstable angina pectoris

Mildly elevated or normal values

(BNP <100 ng/l, NT-proBNP <250

ng/l)

Heart fibrosis BNP secretion

Cardiac arrhytmia

Myocardial hypoxia ↑BNP due to paracrine vascular  

regulation (protection against other

ischemia)

Endotelial dysfunction Elevated sectretion of natriuretic 

peptides due to humoral factors 

(endothelin, TNF alfa, TGF beta)

Stable angina pectoris

High atrial and ventricular volume

Diagnostic use of natriuretic peptides



cTn – worse prognosis in acute PE

– high NPV in acute PE

HFABP – prognostic factor in normotensive patients

BNP, NT-proBNP - markers of RV dysfunction

- high NPV

D-Dimers - high NPV

Additional biomarkers

Lactate, Vasopresin, Copeptin, GFR









Natriuretic peptides



Diagnostic use of natriuretic 

peptides
1) Heart failure

AIM a ischemia

- ↑BNP maximum 24 hours after onset

- severe AIM second maximum after 5 days (ventricular remodelling)

- predictor mortality

Left ventricular dysfunction

- low levels NP exclude LV dysfunction

Congenital and valvular heart diseases

- elevated levels and corelation with the severity

Acute and chronic heart failure

- prognosis and risk stratification

- prediction of mortality

- monitoring of disease progression







Survival analysis
Adults with congenital heart diseases
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Diagnostic use of natriuretic 

peptides
2) Renal dysfunction, transplantation

- impaired renal elimination NP

- ↑ANP – renal disease, ↑BNP – cardiological complication –
cardiorenal syndrome

- hemodialysis – elimination of NP differed from membrane 
flux

- predictor clinical complications after transplantation (BNP
>700 ng/l)

3) Subarachnoidal bleeding

- BNP predictor of hyponatremia

- Clinical complication – changes of values after admission

- elevations 4-12 day after admission – negativne prognosis



Diagnostic use of natriuretic 

peptides
4) Hypertension, diabetes, obesity

-hypertension – high concentrations NP → predictors of mortality

-DM II and obesity – ↓NP– complications of hypertension

-DM with microalbuminuria and nephropatia – ↑NP- predictors of mortality

5) Tumors

- ANP expresion in pancreatic carcinoma

-antiproliferative effect – decrease of tumour growth

6) Burns and other trauma

-correlation with severity

-prognostic factor



Practical cases

Diagnosis ?



Practical cases

Diagnosis ?



Practical cases

Diagnosis ?



Practical cases

Diagnosis ?



Practical cases

Diagnosis ?



Practical cases

Diagnosis ?



Practical cases

Diagnosis ?



Practical cases
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Practical cases
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Practical cases

Diagnosis ?



Thank you for your attention


