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Atypische Symptomatik bei Frauen, 
älteren Patienten und Diabetikern 

Klinische Zeichen des 
akuten Herzinfarktes

Hollander et al. Circulation 2016; 134:547–564. 



Akutes Koronar-Syndrom (ACS)*

-

ST-Hebungs Myokardinfarkt (STEMI)

Biomarker der Myokardnekrose

NSTEMI = non ST-elevation myocardial infarction Unstabile Angina Pectoris

+

NSTEMI

Non-ST-Hebungs-ACS

*Klassification durch 
American College of Cardiologists 
& European Society of Cardiology



Definition des Akuten Herzinfarktes
(Circulation 2007, 116: 2634-2653 & Eur. Heart J. 2007, 28: 2525-2538)

Ansteigende oder fallende Troponin-Konzentration im Blut mit 
mindestens einem Wert > 99. Perzentile*
und mindestens einem der nachfolgenden Symptome: 

- klinische Symptome der kardialen Ischämie
- EKG-Veränderungen einer neu aufgetretenen Ischämie 

(ST-, T-Veränderungen, Entwicklung von Q-Wellen 
- Bildgebender Nachweis des Verlustes von vitalem Myokard 
oder einer regionalen Bewegungsstörung der Herzwand 

*Sonderfälle;
Nach PCI (Typ 4a):   >3 ULN
Nach Stent (Typ 4b): >3 ULN
Nach ACBP (Typ 5):  >5 ULN



 Sensitiv oder hochsensitiv (AHA/ACC vs ESC)? 

 cut-off: 99. Perzentile oder limit of detection (LOD)? 

 Monitoring: 0/1h- oder 0/3h-Algorithmus?

 Zentrallabor oder patientennah (POCT)?

Kardiale Troponine – kritische Fragen



Comparison of the Recent AHA/ACC and ESC 
Guidelines for the diagnosis of AMI

Rodriguez and Mahaffey: Am Coll Cardiol 2016;68:313–21



Kriterien für die analytische Bewertung  
verschiedener cTroponin-Tests

F.S. Apple, Clinical Chemistry 55: 1303–1306 (2009)



Sensitive or high-sensitivity cardiac troponin assays 
allow more rapid rule-out and more rapid rule-in of AMI

Mueller et al 
European Heart Journal (2014) 35, 552–556



99th percentile 
values and
percentage 
measurable 
concentrations 
in a 
presumably 
healthy 
population for 
19 cTn assays

Sandoval et al (2016)
European Heart Journal 
Acute Cardiovascular Care, in press

high sensitivity sensitive-contemporary POC tests



Receiver-operating-characteristic Kurven 
Analysen für konventionelle und sensitive 
Troponin T Assays (Roche) sowie  
sensitive Troponin I Assays (Siemens 
oder Abbott Architect) in Abhängigkeit 
von der Zeit nach Symptombeginn
(718 konsekutive Patienten mit Verdacht auf AMI)

Reichlin et al.; N. Engl. J. Med. 2009; 361: 858-867 



Comparison of conventional and high-sensitivity 
troponin assays in patients with chest pain

Lipinski et al 
Am Heart J 2014;169:6-16.e6

A collaborative 
meta-analysis 
of 17 studies 
on 8644 patients

0.89 [95% CI 0.86-0.91] 0.92 [95% CI 0.89-0.93]



Lipinski et al 
Am Heart J 
2014;169:6-16.e6

Forest plots comparing death or non-fatal AMI during follow-up 
between patients with elevation of baseline hs-cTn and negative 
baseline conventional cTn

death

Nonfatal AMI



 verbesserter rule-out durch hs-cTn, 
aber problematisch für rule-in (ungenügende Spezifität / PPV). 

 Verbesserung der Risikovorhersage durch hs-cTn

Kardiale Troponine – kritische Fragen:
Sensitiv oder hoch-sensitiv? 



 Sensitiv oder hochsensitiv (AHA/ACC vs ESC)? 

 cut-off: 99. Perzentile oder LOD? 

Kardiale Troponine – kritische Fragen



ESC-Guideline zum diagnostischen Vorgehen 
bei Patienten mit akutem Brustschmerz

(0h/3h Rule-Out Algorithmus)

Eur Heart J. 2015 Aug 29



Wildi et al . Circulation. 2015;131:2032-2040.

Discordant Diagnosis of Myocardial 
Infarction by the Currently 
Recommended  99th Percentile Clinical 
Decision Values for Cardiac Troponin

Total cohort (N = 2300) AMI diagnosed with AMI, 
at first presentation (N = 473)

AMI diagnosed with AMI, 
at any time (N = 473)



Wildi et al . Circulation. 2015;131:2032-2040.

Discordant Diagnosis of Myocardial Infarction by the 
Currently Recommended  99th Percentile Clinical Decision 
Values for Cardiac Troponin



Kaplan–Meier survival curves of ACS patients according to concordant or 
discordant diagnoses of acute myocardial infarction (AMI) or unstable 
angina by 99th percentiles of different cardiac troponin assays 

Wildi et al . 
Circulation. 2015;
131:2032-2040.

hs-cTnT (Roche) vs. hs-cTnI (Abbott) hs-cTnT (Roche) vs. cTnI Ultra (Siemens)



Biomarker Strategies for Rapid Assessment of Patients 
With Potential ACS in the ED

Hollander et al. 
Circulation 2016; 
134:547–564. 



High-sensitivity cardiac troponin I at presentation in patients 
with suspected acute coronary syndrome

Shah et al. Lancet 2015; 386: 2481–88.



incidence of 
myocardial infarction 
or cardiac death in 
patients with 
troponin level below 
the 99th centile

Shah et al. Lancet 2015; 386: 2481–88.

Goal: 
30d incidence of MACE and death < 1%



High-Sensitivity Cardiac Troponin T levels below 
the Limit of Detection to Exclude Acute Myocardial
Infarction: diagnostic performance

Body  et al. Clinical Chemistry 61:7 983–989 (2015)



High-Sensitivity Cardiac Troponin T Concentrations below 
the Limit of Detection to Exclude Acute Myocardial
Infarction: Prognostic performance (30 days survival)

Body et al. Clinical Chemistry 61:7 983–989 (2015)



 Problem 99. Perzentile: Abhängigkeit von Methoden und 
Populationen bergen Gefahr diskordanter Diagnosen

 LOD: höhere Sensitivität /NPV für rule-out, aber 
problematisch für rule-in (ungenügende Spezifität / PPV). 

 LOD: Falsche Sicherheit bei früher Analytik 
(< 3h nach Beginn der Symptomatik) 

Kardiale Troponine – kritische Fragen:
cut-off: 99. Perzentile oder LOD? 



2 Versionen der ESC-Guideline 2015 zum diagnostischen 
Vorgehen bei Patienten mit Verdacht auf NSTEMI

(0h/1h Rule-Out Rule-In Algorithmus)

Eur Heart J. 2015 Aug 29 Hollander et al. Circulation 2016; 134:547–564. 

CPO = Chest Pain Onset



 Sensitiv oder hochsensitiv (AHA/ACC vs ESC)? 

 cut-off: 99. Perzentile oder LOD? 

 Monitoring: 0/1h oder 0/3h?

Kardiale Troponine – kritische Fragen



Suggested management flow chart for patients 
with suspicion of acute myocardial infarction (AMI)

Möckel et al. 
European Heart Journal: Acute Cardiovascular Care 2016, 
in press. 



The 0- and 1-hour rule-in and rule-out algorithms using hs-cTn 
assays in patients presenting with suspected non-ST-elevation 
myocardial infarction (NSTEMI) to the emergency department

Hollander et al. 
Circulation 2016;
134:547–564. 

CPO = 
Chest 
Pain 
Onset



Rule-out

Diagnosis of Myocardial Infarction by hs-Troponin I 
according to cut-off (LOD vs. 99th percentile) 
and  Algorithm (1h vs 3h)

Neumann et al. JAMA Cardiol. 2016;1(4):397-404.

Rule-in



Neumann et al. JAMA Cardiol. 2016;1(4):397-404.

Prognosis of ACS by hs-Troponin I according to cut-off 
(LOD vs. 99th percentile) and  Algorithm (1h vs 3h)



Validation of NICE diagnostic guidance for rule out
of myocardial infarction using high-sensitivity troponin tests

Parsonage WA et al. Heart 2016;102:1279–1286

Hs-cTnI assay

Hs-cTnT assay



Multicenter 
Evaluation of a 
0-Hour/1-Hour 
Algorithm in the 
Diagnosis of 
Myocardial 
Infarction With 
High-Sensitivity 
Cardiac Troponin T

Mueller et al. Ann Emerg Med. 2016;68:76-87



Gimenez et al, European Heart Journal (2014) 35, 2303–2311

Direct comparison of high-sensitivity-cardiac troponin I vs. T for the 
early diagnosis of acute myocardial infarction
Diagnostic performance: Among 2226 consecutive patients, 
18% had an adjudicated final diagnosis of NSTEMI.

hs-cTnI:  0.75; 95% CI: 0.73–0.77)
hs-cTnT: 0.80; 95% CI: 0.78–0.82)

Prognostic performance

hs-cTnI:  0.93; 95% CI: 0.92–0.94)
hs-cTnT: 0.94; 95% CI: 0.92–0.94)

hs-cTnI:  0.92; 95% CI: 0.89–0.94)
hs-cTnT: 0.89; 95% CI: 0.86–0.91)

hs-cTnI:  0.95; 95% CI: 0.94–0.96)
hs-cTnT: 0.96; 95% CI: 0.95–0.97)



Eur Heart J. 2015 Aug 29

Nötig wäre eine randomisierte Studie, 
Welche die beiden Strategien
hinsichtlich outcome vergleicht

Cave: bislang nur Beobachtungsstudien, 
zumeist nur retrospektiv (Biobanken)

Kardiale Troponine – kritische Fragen:
1h oder 3h Algorithmus? 



 Sensitiv oder hochsensitiv (AHA/ACC vs ESC)? 

 cut-off: 99. Perzentile oder LOD? 

 Monitoring: 0/1h oder 0/3h?

 Zentrallabor oder POCT?

Kardiale Troponine – kritische Fragen



Objectives , turn-around-time and clinical implications of
point of care testing of cardiac markers

sampling transport registration centrifugation analysis  minutes
central laboratory < 5 10 - 30 < 5 10 10 - 20 45 to >60
POCT < 5 < 5 10 - 20 <30

Potential gain of  point of care testing of cardiac markers
Decreased turn around time
Decrease the delay of diagnosis (rule-out and rule-in)
Decrease the delay of treatment (rule-in)
Decrease the length of stay in the emergency department (rule-out)
Decrease the length of stay in the chest pain unit (rule-out)

Transport and analysis observation Analysis &  observation

Analytical turn-around-time (minutes)

Clinical turn-around-time
0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 hours

central laboratory (hs cTn)
POCT (contemporary sens. cTn)
POCT (hs cTn)



Kriterien für die analytische Bewertung  
verschiedener cTroponin-Tests

F.S. Apple, Clinical Chemistry 55: 1303–1306 (2009)

Standard heutiger cTn POCT Tests
(Amundson & Apple, Clin. Chem. Lab. Med. 2015):
- «not acceptable» (bioMerieux Vidas) 
- «clinically usable» (Alere Triage Panel TnI, laut 

Herstellerangaben, also nicht in unabhängigen Studien geprüft)
- wegen fehlender Angaben nicht beurteilbar 

chiniline-i chroma, Dxpress reader, Eurolyser Smart, 
Roche cardiac reader, Roche cobas h232, Samsung LABGEO )

Standard heutiger cTn Tests im Zentrallabor
(Apple & Collinson, Clin. Chem. 2012):
- «guideline-acceptable» oder «clinically usable»
- Level 2 oder level 3



Point-of-care troponin T is inferior to high-sensitivity troponin T for 
ruling out acute myocardial infarction in the emergency department

ter Avest et al,
European Journal of Emergency Medicine 2016, 23:95–101



Comparison of five point-of-care troponin assays 
for their diagnostic performance

Suh, Hof, Keller-Lang, von Eckardstein, Gawinecka, submitted



Imprecision and accuracy of 
five point-of-care troponin assays

POC System Control material 

Target cTn 

concentration

(ng/L)

Measured mean 

cTn concentration 

(ng/L)

Bias

(%)
CV%

PATHFAST™
QC level 1 73 81 11 7.7

QC level 2 1370 1266 -7.6 8.0

Stratus CS 200
QC level 2 942 944 0.2 2.9

QC level 3 3890 3977 2.2 4.5

AQT90 FLEX cTnI
MC1 36 31 -15 11

MC2 1120 1127 0.6 3.7

AQT90 FLEX cTnT
TnT1 56 56 0.8 5.1

TnT2 853 884 3.6 2.8

Triage MeterPro Triage total  level 1 40 54 34 13

Suh, Hof, Keller-Lang, von Eckardstein, Gawinecka, submitted



Kriterien für die analytische Bewertung  
verschiedener cTroponin-Tests

F.S. Apple, Clinical Chemistry 55: 1303–1306 (2009)



Functional Assay Sensitivity of a 
“guideline conform” POC troponin assay

Suh, Hof, 
Keller-Lang, 
von Eckardstein, 
Gawinecka,
submitted

Clinically useful

Guideline compatible

unacceptable

20% 

10% 



Guideline compatible

Clinically useful

unacceptable

20% 

10% 

Functional Assay Sensitivity of a 
“clinically useful” POC troponin assay

Suh, Hof, 
Keller-Lang, 
von Eckardstein, 
Gawinecka,
submitted



Guideline compatible

Clinically useful

unacceptable

20% 

10% 

Functional Assay Sensitivity of an unacceptable 
POC troponin assay

Suh, Hof, 
Keller-Lang, 
von Eckardstein, 
Gawinecka,
submitted



Analytical performance of five point-of-care troponin 
assays according to Apple’s scorecard

Suh, Hof, Keller-Lang, von Eckardstein, Gawinecka, submitted

PATHFAST™ Stratus CS 200 AQT90 FLEX cTnI AQT90 FLEX cTnT Triage MeterPro
claimed measured claimed measured claimed measured claimed measured claimed measured

99th percentile 
(ng/L)* 20 - 70 - 23 - 17 20 -

CV (%) at 99th

percentile 5 11.5 <10 9.2 12 7.4 15 16 <17 40

10% 
Functional 

assay 
sensitivity 

(ng/L)

3 24 60 64 27 16 26 31 37 840

Classification
guideline 
accep-
table

clinically 
usable

guideline 
accep-
table

guideline 
accep-
table

clinically 
usable

guideline 
accep-
table

- clinically 
usable

clinically 
usable

Not
accep-
table



Diagnostic performance of cTn assays in the diagnosis of 
myocardial infarction according to the 0/3h ESC algorithm

0h

Suh, Hof, Keller-Lang, von Eckardstein, Gawinecka, submitted



Diagnostic performance of cTn assays in the diagnosis of 
myocardial infarction according to the 0/3h ESC algorithm: 0h

Assay
Cut-off 

(ng/L)
n#

0h

AUC (95%CI) Sensitivity* Specificity* NPV§ PPV¥

hs-cTnI 26 13/68 0.86 (0.75-0.96) 62% 88% 92% 50%

Triage MeterPro 20 10/41 0.71 (0.53-0.89) 50% 93% 88% 63%

AQT90 FLEX cTnI 23 13/63 0.84 (0.71-0.96) 46% 94% 89% 60%

PATHFAST™ 20 12/63 0.90 (0.82-0.97) 67% 91% 93% 57%

Stratus CS 200 70 13/63 0.76 (0.62-0.90) 39% 92% 88% 50%

hs-cTnT 14 13/68 0.88 (0.80-0.95) 92% 71% 98% 38%

AQT90 FLEX cTnT 17 13/63 0.74 (0.59-0.89) 46% 87% 89% 43%



Diagnostic performance of cTn assays in the diagnosis of 
myocardial infarction according to the 0/3h ESC algorithm: 3hours

Assay
Cut-off 

(ng/L)
n#

3h

AUC (95%CI) Sensitivity* Specificity* NPV§ PPV¥

hs-cTnI 26 13/68 0.96 (0.92-1.00) 77% 87% 95% 53%

Triage MeterPro 20 10/41 0.86 (0.72-1.00) 70% 88% 92% 58%

AQT90 FLEX cTnI 23 13/63 0.86 (0.72-0.99) 69% 92% 94% 64%

PATHFAST™ 20 12/63 0.94 (0.89-1.00) 75% 87% 95% 53%

Stratus CS 200 70 13/63 0.86 (0.73-0.99) 77% 92% 95% 67%

hs-cTnT 14 13/68 0.94 (0.88-0.99) 100% 72% 100% 41%

AQT90 FLEX cTnT 17 13/63 0.87 (0.75-0.99) 62% 86% 92% 47%

Suh, Hof, Keller-Lang, von Eckardstein, Gawinecka, submitted



 funktionelle Assay-Sensitivitätsgrenzen gegenwärtiger cTn POC 
Tests zumeist unbekannt  oder nicht publiziert

 zumeist allenfalls contemporary sensitiv (also «clinically useful» 
aber nicht «guideline-konform»): Mehrzahl der POC Tests 
für Anwendung der ESC guidelines (0/1h- oder 0/3h-Algorithmen) 
ungeeignet 

 gegenwärtige cTn-POC Tests bringen zumeist gegenüber 
Zentrallabor keinen Zeitgewinn im klinischen Entscheidungs-

prozess.

 hs-cTn POC Tests erforderlich 

Kardiale Troponine – kritische Fragen:
Zentrallabor oder POCT? 


