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Rapid high- sensitivity cardiac troponin (hs- cTn) 
based algorithms have substantially improved 
the early rule out of acute myocardial infarction 

(AMI) and thereby facilitated the selection of patients 
eligible for outpatient management.1,2 However, it 
remains unclear which patients after rule out of AMI 
should still undergo objective anatomic or functional 
cardiac testing for the detection of coronary artery 
disease (CAD) and which not. A pilot study using a 
0/2- hour rule- out protocol derived combinations of 
clinical variables, the so- called No Objective Testing 
(NOT) rules (Figure), for selection of patients who 
may not need objective anatomic or functional car-
diac testing for CAD.3 Hence, we aimed to externally 
validate the performance of the 3 NOT models in a 
large, prospective, international multicenter study.

The study was approved by the local ethics com-
mittees, and written informed consent was obtained 
from all patients. Unselected patients presenting with 
acute chest pain to the emergency department were 
prospectively enrolled between May 2006 and March 
2018. The final diagnosis of acute coronary syndrome 
(ACS), defined as AMI or unstable angina, was cen-
trally adjudicated by 2 independent cardiologists ap-
plying the Fourth Universal Definition of myocardial 
infarction for the index event, as well as during long- 
term follow- up. The primary end points were the safety 
and efficacy of the NOT rules for rule out of ACS or 

cardiovascular death within 30 days of follow- up, in-
cluding index events. Secondary end points included 
365-  and 730- day events. In addition, a sensitivity 
analysis on the combination of the NOT rules with a 
previously validated 0/2- hour algorithm that triaged 
patients toward rule out of AMI if 0-  and 2- hour blood 
concentrations are <6 ng/L and Δ0/2 hours <2 ng/L 
was performed.4 The data and study material that sup-
port the findings of this study are available from the 
corresponding author on reasonable request.

Among 3500 patients eligible for this analysis (avail-
able 0-  and 2- hour Abbott Architect hs- cTnI measured 
from tubes containing lithium heparin or serum), 2374 
(68%) were eligible for the NOT rules as they were 
ruled out of AMI by the 0/2- hour hs- cTnI protocol (0-  
and 2- hour hs- cTnI uniform cutoff <26.2  ng/L and 
nondiagnostic ECG without the TIMI [Thrombolysis 
in Myocardial Infarction] score); ACS or cardiovascu-
lar death at 30 days occurred in 332 (14%) patients. 
All 3 rules performed well for rule out of ACS or car-
diovascular death at 30 days. The first rule (weighted 
score, including age, sex, cardiovascular risk fac-
tors, previous myocardial infarction or known CAD, 
and nitrate use) had a sensitivity of 99.7% (95% CI, 
98.3%– 99.9%), a negative predictive value (NPV) of 
99.8% (95% CI, 98.5%– 99.9%), and an area under the 
receiver- operating characteristic curve of 0.81. The di-
chotomized second (aged <50 years, no previous AMI 

Correspondence to: Christian Mueller, MD, Department of Cardiology, University Hospital Basel, Petersgraben 4, CH- 4031 Basel, Switzerland. E- mail: 
christian.mueller@usb.ch

*P.D. Ratmann and J. Boeddinghaus contributed equally and are co– first authors.
†A complete list of the APACE (Advantageous Predictors of Acute Coronary Syndrome Evaluation) Investigators can be found in the Appendix at the end of the 
article.

For Sources of Funding and Disclosures, see page 4.

© 2021 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative 
Commons Attribution- NonCommercial- NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use 
is non- commercial and no modifications or adaptations are made. 

JAHA is available at: www.ahajournals.org/journal/jaha

https://orcid.org/0000-0001-9050-1017
https://orcid.org/0000-0003-4404-4956
https://orcid.org/0000-0003-2173-5738
https://orcid.org/0000-0002-7787-0640
https://orcid.org/0000-0002-2929-8600
https://orcid.org/0000-0002-7924-9751
https://orcid.org/0000-0002-5970-725X
https://orcid.org/0000-0003-3814-6542
https://orcid.org/0000-0003-2384-8250
https://orcid.org/0000-0002-1120-6405
mailto:
mailto:christian.mueller@usb.ch
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.ahajournals.org/journal/jaha


J Am Heart Assoc. 2021;10:e020031. DOI: 10.1161/JAHA.120.020031 2

Ratmann et al Validation of the No Objective Testing Rules

or known CAD, <3 risk factors, and no nitrate use) and 
even simpler third (nitrate use was omitted) rule best 
balanced safety and efficacy. Both identified 23% of 
patients at low risk with a sensitivity of 99.7% (95% CI, 

98.3%– 99.9%) and an NPV of 99.8% (95% CI, 98.7%– 
99.9%). All 3 rules missed one patient with unstable an-
gina. Sensitivity of 98.9% (95% CI, 97.2%– 99.7%) and 
NPV of 99.2% (95% CI, 98.0%– 99.7%) of the second 
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and third rule were also high for ACS or cardiovascular 
death at 365 days, as well as at 730 days (sensitiv-
ity, 98.9% [95% CI, 97.3%– 99.7%]; and NPV, 99.2% 
[95% CI, 97.9%– 99.7%]), respectively (Figure  [A]). 
Similar findings were observed in the additional sensi-
tivity analysis with the well- validated 0/2- hour algorithm 
(Figure [B]).4 In addition, an excellent safety of all 3 rules 
was documented in the subgroup of patients present-
ing early to the emergency department (chest pain 
onset ≤3 hours), which made up 39.8% of all patients, 
and in patients with chronic kidney disease (estimated 
glomerular filtration rate <60 mL/min per 1.73 m2; sen-
sitivity, 100.0% [95% CI, 94.6%– 100.0%]; NPV, 100.0% 
[95% CI, not calculable]). On the other side, the rate 
of ACS or cardiovascular death was 18% at 30 days, 
20% at 365 days, and 22% at 730 days in patients not 
meeting all criteria.

These findings extend and corroborate previous 
work aiming to better target objective anatomic or 
functional testing for CAD after the rule out of AMI using 
rapid hs- cTnI/T- based protocols.1– 3,5 In the pilot study 
deriving the NOT rules, after AMI rule out of 31.4% of 
patients was classified as low risk by the NOT rule. 
Sensitivity was 97.6%, and NPV was 99.6%. Similarly, 
in a single- center study of 282 patients, 27.7% of pa-
tients were classified as low risk by the NOT rule, and 
sensitivity was 100%.3

It is important to highlight that the NOT rules, as any 
other clinical decision rule, should be overruled when-
ever clinical assessment (eg, attributable to typical 
symptoms) still suggests a high likelihood for an ACS.

In conclusion, 4 simple clinical criteria (third NOT 
rule: aged <50 years, no previous AMI or known CAD, 
and <3 risk factors) identify a relevant proportion of pa-
tients (about 25%) at low risk of ACS or cardiovascular 
death up to 730 days. Accordingly, objective cardiac 
testing does not seem necessary in most of them.

APPENDIX
Additional APACE Investigators
Cardiovascular Research Institute Basel and Department 
of Cardiology, University Hospital Basel, University of 
Basel, Basel, Switzerland, and GREAT Network, Rome, 
Italy: Valentina Troester, MD; Mario Meier, MD; Christian 
Puelacher, MD; Jeanne du Fay de Lavallaz, MD; Eliska 

Potlukova, MD; Patrick Badertscher, MD; Ketina Arslani, 
MD; Michael Freese, RN; Eleni Michou, MD; Dayana 
Flores, MD. Division of Internal Medicine, University 
Hospital Basel, University of Basel, Basel, Switzerland, 
and GREAT Network, Rome, Italy: Eliska Potlukova, 
MD; Jens Lohrmann, MD. Katharina Rentsch, PhD 
(Department of Laboratory Medicine, University Hospital 
Basel, University of Basel, Basel, Switzerland). Tobias 
Reichlin, MD (Cardiovascular Research Institute Basel 
and Department of Cardiology, University Hospital 
Basel, University of Basel, Basel, Switzerland; GREAT 
Network, Rome, Italy; Department of Cardiology, 
Inselspital, University of Bern, Bern, Switzerland). 
Emergency Department, Hospital Clinic, Barcelona, 
Catalonia, Spain, and Great Network, Rome, Italy: 
Beatriz López, MD, Carolina Fuenzalida, PhD. Esther 
Rodriguez Adrada, MD (Servicio de Urgencias, Hospital 
Clínico San Carlos, Madrid, Spain; Great Network, 
Rome, Italy). Department of Cardiology, University 
Hospital Brno, Brno, Czech Republic, Medical Faculty, 
Masaryk University, Brno, Czech Republic, and Great 
Network, Rome, Italy: Eva Ganovská, MD; Jiri Parenica, 
MD. Arnold von Eckardstein, MD (Department of 
Laboratory Medicine, University Hospital Zurich, Zurich, 
Switzerland). Second Department of Cardiology, 
School of Medicine, with the Division of Dentistry in 
Zabrze, Medical University of Katowice, Poland, and 
GREAT Network, Rome, Italy: Beata Morawiec, MD; 
Damian Kawecki, MD; Piotr Muzyk, MD. Emergency 
Department, Kantonsspital Liestal, Switzerland: Franz 
Bürgler, MD; Nicolas Geigy, MD.
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Figure. External validation of the NOT rules and application with a well- validated 0/2- hour algorithm.
A, Validation of the performance of NOT rules for rule out of MACEs at 30 days, including index events. B, Performance of NOT rules 
for rule out of MACEs at 30 days, including index events after rule out of AMI with a well- validated 0/2- hour algorithm.4 The second and 
third rules best balance safety and efficacy for the rule out of ACS or cardiovascular death. They safely classify nearly one fourth of 
patients at low risk who may not need objective cardiac testing. Groups and MACEs (ACS or cardiovascular death) are presented as 
numbers and percentages. NPV and sensitivity are presented as percentages. Risk factors include hypertension, dyslipidemia, current 
or previous smoking, diabetes mellitus, and family history of coronary artery disease. CAD indicates coronary artery disease; Hs- cTnI, 
Abbott Architect high- sensitivity cardiac troponin I; and MI, myocardial infarction. ACS indicates acute coronary syndrome; AMI, acute 
myocardial infarction; MACE, major adverse cardiovascular event; NOT, No Objective Testing; and NPV, negative predictive value.
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