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ABSTRACT

BACKGROUND Implementation of an early rule-out pathway for myocardial infarction using high-sensitivity cardiac
troponin to risk stratify patients reduces length of stay and hospital admission. Whether gains are similar in low- and
intermediate-risk patients and those discharged were correctly identified as being at lower risk of future cardiovascular
events is uncertain.

OBJECTIVES This study sought to evaluate the effectiveness and safety of risk stratification with high-sensitivity
cardiac troponin in patients with suspected acute coronary syndrome stratified as low and intermediate risk.

METHODS In this secondary analysis of a stepped-wedge cluster-randomized controlled trial, we evaluated the
effectiveness and safety of risk stratification with high-sensitivity cardiac troponin in 31,492 consecutive patients who
presented with suspected acute coronary syndrome and identified as low (<5 ng/L) or intermediate (5 ng/L to 99th
percentile) risk at presentation. The primary effectiveness outcome was length of hospital stay. The primary safety
outcome was subsequent myocardial infarction or cardiac death at 1 year.

RESULTS Of 31,492 patients (59 + 17 years, 45% women), 17,299 (54.9%) and 14,193 (45.1%) were low and
intermediate risk, respectively. Following implementation, length of stay was reduced in low-risk (6.9 + 3.2 vs 4.7 &+ 2.8
hours: difference 2.2; 95% Cl: 0.7-3.7 hours) and intermediate-risk (15.8 + 4.7 vs 11.0 + 4.9 hours: difference 4.8;
95% Cl: 3.8-5.8 hours) patients (P < 0.001 for both). Discharge from the emergency department increased in low-risk
(62% [4,962 of 7,941] vs 83% [7,747 of 9,358]; adjusted OR: 3.31; 95% Cl: 3.06-3.57) and intermediate-risk

(36% [2,445 of 6,759] vs 55% [4,095 of 7,434]; adjusted OR: 2.06; 95% Cl: 1.92-2.21) patients. Following imple-
mentation, patients discharged were at lower risk of myocardial infarction or cardiac death at 1 year (1.5% [112 of 7,407]
vs 1.0% [124 of 11,842]; adjusted HR [aHR]: 0.65; 95% Cl: 0.50-0.86), whether stratified as low (0.6% vs 0.3%;
aHR: 0.46; 95% Cl: 0.26-0.83) or intermediate (3.4% vs 2.4%; aHR: 0.74; 95% Cl: 0.55-0.99) risk at presentation.

CONCLUSIONS Risk stratification with high-sensitivity cardiac troponin reduced length of stay and increased
discharge from the emergency department in both low- and intermediate-risk patients with suspected acute coronary
syndrome. Patients discharged from the emergency department were at lower risk of subsequent myocardial infarction
or cardiac death at 1 year. (High-Sensitivity Cardiac Troponin on Presentation to Rule Out Myocardial Infarction
[HiSTORIC]; NCT03005158) (JACC. 2025;86:1738-1748) © 2025 by the American College of Cardiology Foundation.
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atients with symptoms suggestive of acute

coronary syndrome frequently present to the

emergency department but most do not have
acute myocardial infarction.”” As assessment places
a major burden on health care resources, effective
and safe strategies to rule out myocardial infarction
earlier have been developed.® High-sensitivity car-
diac troponin (hs-cTnI) assays with improved analyt-
ical performance at low concentrations are central to
risk stratification within these early rule-out path-
ways and are now recommended by international
clinical practice guidelines.*®

SEE PAGE 1749

Previous observational studies have demonstrated
that high-sensitivity cardiac troponin testing at pre-
sentation can risk stratify patients with suspected
acute coronary syndrome and identify a large pro-
portion at low risk of cardiac events.” ' Risk strati-
fication thresholds have since been incorporated into
early rule-out pathways that triage patients as low or
intermediate risk of myocardial infarction to guide
the decision to discharge or perform further
testing.’®'® We demonstrated in the HiSTORIC (High-
Sensitivity cardiac Troponin On presentation to Rule
out myocardial InfarCtion; NCT03005158) trial®® that
implementation of high-sensitivity cardiac troponin
to risk stratify patients within an early rule-out
pathway reduced length of stay by 3 hours and
increased discharge from the emergency department
by 21%.'7*' However, the event rate for the safety
outcome at 30 days was low and noninferiority was
not demonstrated. Whether implementation reduces
length of stay and increases discharge in both low-
and intermediate-risk patients is unknown, and
whether those patients discharged were correctly
identified as being at lower risk of future cardiovas-
cular events is uncertain.

In this prespecified secondary analysis of the
HiSTORIC trial, we evaluated the effectiveness and
safety of implementing risk stratification with high-
sensitivity cardiac troponin in patients with sus-
pected acute coronary syndrome stratified as low and
intermediate risk.

METHODS

TRIAL DESIGN, STUDY POPULATION, AND
INTERVENTION. The HiSTORIC trial was a stepped-
wedge cluster-randomized controlled trial of 7 acute
care hospitals in Scotland and has been described
previously.” The hospital site was the unit of
randomization and therefore individual patient con-
sent was not sought. All patients were identified by
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the attending clinician using an electronic
form integrated into the care pathway at the
time troponin was requested. Consecutive
patients were included if they presented to
the emergency department with suspected
acute coronary syndrome and had a high-

cardiac troponin
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ABBREVIATIONS
AND ACRONYMS

ED = emergency department

hs-cTnl = high-sensitivity

URL = upper reference limit

sensitivity cardiac troponin I concentration

within the normal reference range (less than the sex-
specific 99th centile upper reference limit) at pre-
sentation. Patients were excluded if they presented
with an out-of-hospital cardiac arrest or ST-segment
elevation myocardial infarction, had been admitted
previously during the trial, or were not a resident in
Scotland. All data were collected from the patient
record and national registries, deidentified, and
linked in a data repository within a Secure Data
Environment (DataLoch).

During a validation phase of at least 6 months,
cardiac troponin testing was performed at presenta-
tion and was repeated 6 or 12 hours after the onset of
symptoms if indicated (standard care). Myocardial
infarction was ruled out when high-sensitivity car-
diac troponin concentrations were less than the sex-
specific 99th percentile at presentation if symptom
onset was >6 hours from presentation or after serial
testing 6 to 12 hours from symptom onset in those
presenting earlier according to clinical guidelines at
the time of enrollment.”*** Sites were paired based
on the expected number of patients at each site and
randomized to implement risk stratification with
high-sensitivity troponin within an early rule-out
pathway (intervention) in 1 of 3 steps during a
6-month randomization phase. Finally, all sites
completed an implementation phase of 6 to 9 months
calendar-matched to the validation phase where care
was guided by risk stratification (Supplemental
Figure 1A). The trial was approved by the Scotland
Research Ethics Committee and the conduct of the
trial was periodically reviewed by an independent
trial steering committee.

Throughout the trial and across all sites, care was
guided by the Abbott ARCHITECTsr,7 high-sensitive
troponin I assay, which has an interassay coefficient
of variation of <10% at 4.7 ng/L'° and sex-specific
99th centile of 16 ng/L in women and 34 ng/L in
men.”* During the intervention, patients were risk
stratified using a validated early rule-out pathway
(Supplemental Figure 1B)."” Patients were identified
as low risk if cardiac troponin concentrations
were <5 ng/L at presentation and they presented >2
hours from symptom onset. Patients were identified
as intermediate risk if cardiac troponin concentra-
tions were between 5 ng/L and the sex-specific
99th percentile at presentation or they presented
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within 2 hours of symptom onset. Low-risk patients
were eligible for discharge from the emergency
department. Intermediate-risk patients underwent
additional observation in the emergency department
with retesting 3 hours from presentation (~2 hours
from the first test) and myocardial infarction was
excluded if concentrations were unchanged (<3 ng/L)
and less than the sex-specific 99th centile.

STUDY OUTCOMES. The primary and secondary
effectiveness outcomes were length of stay, defined
as the length of time from presentation to the
emergency department until discharge from the
hospital, and the proportion discharged from
the emergency department, respectively. The pri-
mary safety outcome was myocardial infarction (type
1, type 4b, or type 4c) or cardiac death after discharge
at 1 year. Other outcomes included cardiac death,
cardiovascular death, noncardiovascular death, and
reattendance at the emergency department at 1 year.
All events occurring within 1 year of discharge from
hospital were adjudicated by a panel blind to the
study phase, as previously described.??**

STATISTICAL ANALYSIS. The study population was
stratified as low risk or intermediate risk at presen-
tation. Baseline characteristics were summarized in
low- and intermediate-risk patients, respectively, as
count (percentage) for categorical variables and mean
+ SD or median (Q1-Q3) for continuous variables as
appropriate. In patients who were classified as low
and intermediate risk, the primary effectiveness
outcome of length of stay was compared before and
after implementation of risk stratification using a
linear mixed-effects regression model adjusting for
season, trial sites (fitted as a random effect), an in-
dicator for whether risk stratification was imple-
mented, age, sex, estimated glomerular filtration
rate, and comorbidities including previous myocar-
dial infarction, heart failure hospitalization, ischemic
heart disease, diabetes mellitus, and cerebrovascular
disease. Length of stay was log-transformed before
analysis and results were expressed as a geometric
mean ratio. Missing data for these variables was un-
common and therefore regression models were based
on those with complete data. The secondary effec-
tiveness outcome was compared using a logistic
mixed-effects regression model adjusting for the
same variables. Interaction between risk groups and
the intervention was explored to assess whether the
effectiveness of implementing risk stratification
varied by risk groups. The primary safety and all
secondary safety outcomes were compared using a
cause-specific regression model adjusting for the
same variables. These were compared before and
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after implementation in patients discharged from the
emergency department and those admitted to the
hospital, with stratification according to risk at
presentation. An unadjusted multiple fractional
polynomial cause-specific regression model was used
to assess the continuous relationship between car-
diac troponin at presentation and the primary safety
outcome. Exploratory analyses were conducted to
evaluate the impact of risk stratification on the
effectiveness and safety outcomes in women and
men, respectively. All analyses were performed using
R version 4.2.0 (The R Foundation for Statisti-
cal Computing).

PATIENT AND PUBLIC INVOLVEMENT. The trial
steering committee included patient and lay repre-
sentatives who were involved in the design and
conduct of this trial.

RESULTS

STUDY POPULATION. The trial enrolled 31,492
consecutive patients (59 + 17 years, 45% women)
with suspected acute coronary syndrome (Table 1). Of
these, 54.9% (17,299 of 31,492) were classified as low
risk and 45.1% (14,193 of 31,492) were classified as
intermediate risk at presentation with a similar pro-
portion before and after implementation. Compared
with intermediate-risk patients, those classified as
low risk were younger and had fewer comorbidities.
Within each risk group, baseline characteristics were
similar before and after implementation.

EFFECTIVENESS OUTCOMES IN PATIENTS STRATIFIED
AS LOW OR INTERMEDIATE RISK. In patients classified
as low risk at presentation, the primary effective-
ness outcome of length of stay was reduced from
6.9 + 3.2 to 4.7 + 2.8 hours (difference 2.2 hours;
95% CI: 0.7-3.7 hours; P < 0.001) following imple-
mentation (Figure 1A). The secondary effectiveness
outcome of the proportion of patients discharged
from the emergency department increased
following implementation from 62% (4,962 of 7,941)
to 83% (7,747 of 9,358) (adjusted OR: 3.31; 95% CI:
3.06-3.57; P < 0.001) (Figure 1B). Consistent with
these observations, the proportion of low-risk pa-
tients undergoing serial troponin measurement fell
from 37% (2,946 of 7,941) to 17% (1,561 of
9,358) (Table 1).

In patients classified as intermediate risk at pre-
sentation, the length of stay was reduced from 15.8 +
4.7 to 11.0 + 4.9 hours (difference 4.8 hours; 95% CI:
3.8-5.8 hours; P < 0.001) following implementation
(Figure 1A). Fewer patients identified as intermediate
risk at presentation were discharged from the emer-
gency department but following implementation, the
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TABLE 1 Baseline Characteristics of Patients With Suspected Acute Coronary Syndrome Before and After Implementation of
Risk Stratification
Low Risk Intermediate Risk
(n =17,299) (n =14,193)
Standard Care Risk Stratification Standard Care Risk Stratification
(N = 31,492) (n =7,941) (n =9,358) (n = 6,759) (n =7,434)
Age, y 59 +17 54 +15 53 +£ 15 66 + 16 65 + 17
Female 14,252 (45) 3,981 (50) 4,709 (50) 2,594 (38) 2,968 (40)
Presenting symptom
Chest pain 26,590 (84) 7,147 (90) 8,290 (89) 5,419 (80) 5,734 (77)
Dyspnea 957 (3) 140 (2) 192 (2) 280 (4) 345 (5)
Palpitation 928 (3) 203 (3) 250 (3) 229 (3) 246 (3)
Syncope 1,701 (5) 186 (2) 317 3) 513 (8) 685 (9)
Other 1,316 (4) 265 (3) 309 (3) 318 (5) 424 (6)
Medical history
Heart failure 1,919 (6) 200 (3) 185 (2) 833 (12) 701 (9)
Myocardial infarction 2,573 (8) 489 (6) 440 (5) 882 (13) 762 (10)
Ischemic heart disease 7,346 (23) 1,433 (18) 1,305 (14) 2,401 (36) 2,207 (30)
Cerebrovascular disease 1,684 (5) 269 (3) 275 (3) 580 (9) 560 (8)
Diabetes mellitus 1,912 (6) 311 (4) 288 (3) 691 (10) 622 (8)
Previous revascularization
PCI 2,831 (9) 592 (8) 507 (5) 942 (14) 790 (11)
CABG 452 (1) 78 (1) 75 (0.8) 162 (2) 137 (2)
Medication
Aspirin 8,023 (25) 1,653 (21) 1,565 (17) 2,461 (36) 2,344 (32)
Dual antiplatelet therapy® 1,269 (4) 274 (4) 187 (2) 464 (7) 344 (5)
Statin 12,165 (39) 2,536 (32) 2,540 (27) 3,499 (52) 3,590 (48)
ACEi or ARB 9,769 (31) 1,936 (24) 2,019 (22) 2,840 (42) 2,974 (40)
B-blocker 8,548 (27) 1,754 (22) 1,869 (20) 2,408 (36) 2,517 (34)
Oral anticoagulant® 2,167 (7) 314 (4) 310 3) 719 (11) 824 (11)
Electrocardiogram®
Normal 12,035 (74) 3,704 (82) 3,605 (83) 2,414 (63) 2,312 (66)
Myocardial ischemia 3,288 (20) 675 (15) 620 (14) 1,081 (28) 912 (26)
ST-segment elevation 193 (1) 43 (0.9) 32 (0.7) 68 (2) 50 (1)
ST-segment depression 252 (2) 55 (1) 53 (1) 91 (2) 53 (2)
Left bundle branch block 456 (3) 53 (1) 51 (1) 189 (5) 163 (5)
T-wave inversion 1,225 (8) 198 (4) 183 (4) 423 (1) 421 (12)
Laboratory
Hemoglobin, g/L 137422 139+18 139421 134422 134425
eGFR, mL/min 81+22 86+19 87+19 75+25 75+24
Presentation cTnl, ng/L 3(,6) 2(1,3) 2(1,3) 7(4,12) 7 (5,12)
Peak cTnl, ng/L 3(1,7) 2(,3) 2(,3) 8 (5, 14) 8 (5, 14)
Serial testing (=2) 11,904 (38) 2,946 (37) 1,561 (17) 3,594 (53) 3,803 (51)
Time intervals
Presentation to first, min 66 (45-97) 71 (50-103) 69 (47-102) 61 (42-90) 60 (39-91)
First to second, min 351 (188-553) 390 (219-552) 267 (164-441) 509 (306-626) 215 (152-389)
Values are n (%), mean + SD, or median (Q1-Q3). *Two medications from aspirin, clopidogrel, prasugrel, or ticagrelor. ®Includes warfarin or novel oral anticoagulants.
“Proportions reported for the 16,217 (51%) participants with electrocardiogram data available.
ACEi = angiotensin-converting enzyme inhibitors; ARB = angiotensin receptor blocker; CABG = coronary artery bypass grafting; cTnl = high-sensitivity cardiac troponin I;
eGFR = estimated glomerular filtration rate; PCl = percutaneous coronary intervention.

proportion increased from 36% (2,445 of 6,759) to 55%
(4,095 of 7,434) (adjusted OR: 2.06; 95% CI: 1.92-2.21;
P < 0.001) (Figure 1B). Although the proportion of
intermediate-risk patients undergoing serial troponin
measurement was similar at 53% (3,594 of 6,759) and
51% (3,803 of 7,434) before and after implementation,

the median time interval between serial measures
was reduced from 509 minutes (Q1-Q3: 306-626 mi-
nutes) to 215 minutes (Q1-Q3: 152 to 389 minutes)
(Table 1).

The strength of the association between imple-
mentation of risk stratification and the reduction in

174
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FIGURE 1 Primary and Secondary Effectiveness Outcomes in Patients With Suspected Acute Coronary Syndrome Classified as Low and Intermediate
Risk at Presentation Before and After Implementation of Risk Stratification
A Primary Effectiveness Outcome of Length of Stay
Standard Care, Hours Early Rule-Out, Hours Adjusted Geometric

Groups Geometric Mean (SD) Geometric Mean (SD) Mean Ratio (95% Cl) P Value

Low risk 6.9(3.2) 4.7 (2.8) K | 0.67 (0.65-0.7) <0.001

Intermediate risk 15.8 (4.7) 11 (4.9) HlH E 0.73(0.7-0.77) <0.001

r T T : 1
06 07 08 0.9 1 1.1
Adjusted Geometric
Mean Ratio With 95% CI
B Secondary Effectiveness Outcome of Discharge From the Emergency Department
Standard Care, Early Rule-Out, aOR

Groups n (%) n (%) (95% CI) P Value

Low risk 4,962/7,941 (62%)  7,747/9,358 (83%) HElH 3.31(3.06-3.57) <0.001

Intermediate risk 2,445/6,759 (36%) 4,095/7,434 (55%) E 2.06 (1.92-2.21) <0.001

T : T T T 1
(6] 1 2 3 4 5
a0R With 95% CI

(A) Primary effectiveness outcome of length of stay in patients classified as low (green, cardiac troponin concentration <5 ng/L and >2 hours since
symptom onset) and intermediate (orange, 5 ng/L to sex-specific 99'" centile or =2 hours) risk at presentation. (B) Secondary effectiveness outcome of
discharge from the emergency department in patients classified as low (green, cardiac troponin concentration <5 ng/L and >2 hours since symptom
onset) and intermediate (orange, 5 ng/L to sex-specific 99" centile or =2 hours) risk at presentation. Mixed-effects linear and logistic regression models
adjusted for season, trial sites (fitted as a random effect), an indicator variable for whether risk stratification was implemented, age, sex, eGFR, and
comorbidities including previous myocardial infarction, heart failure hospitalization, ischemic heart disease, diabetes mellitus, and cerebrovascular
disease, were used to compared the primary and secondary effectiveness outcomes, respectively. The regression models were performed in (A) 30,889 of
31,492 (98%) and (B) 30,900 of 31,492 (98%) patients in whom data on all variables were available.

length of stay was similar for low- and intermediate-
risk groups (Pinteraction, risk group x intervention = 0.176),
whereas the association between implementation
and increased discharge from the emergency
department was stronger in the low-risk
group compared with the intermediate-risk group
(Pinteraction, risk group x intervention < 0.001). Compared
with standard care, implementation of risk stratifi-
cation resulted in the discharge of more low-risk
patients across all cardiac troponin concentrations
below 5 ng/L (Supplemental Figure 2).

SAFETY OUTCOMES IN PATIENTS DISCHARGED
FROM THE EMERGENCY DEPARTMENT. Patients
discharged from the emergency department were
younger with fewer comorbidities than those
admitted to the hospital before (n = 7,407) and after
(n = 11,842) implementation of risk stratification
(Supplemental Table 1). In patients who were dis-
charged, the risk of subsequent myocardial infarction
or cardiac death at 1 year was lower after imple-
mentation of risk stratification (1.5% [112 of 7,407] vs

1.0% [124 of 11,842], adjusted HR [aHR]: 0.65; 95% CI:
0.50-0.86; P = 0.002) (Figure 2A). For comparison,
the risk of myocardial infarction or cardiac death at
1year in patients admitted to hospital was higher and
similar before and after implementation of risk
stratification (3.2% [233 of 7,293] vs 3.5% [175 of
4,950]; aHR: 1.09; 95% CI: 0.90-1.33; P = 0.375)
(Figure 2B).

These observations were consistent for the sec-
ondary safety outcomes of cardiac death, cardio-
vascular death, and any hospital reattendance at 1
year, which occurred less often in patients dis-
charged from the emergency department after
implementation of risk stratification (Figure 3A).
Following implementation, patients discharged
from the emergency department were at lower
risk of myocardial infarction or cardiac death at 1
year whether stratified as low risk (0.6% [28 of
4,962] vs 0.3% [25 of 7,747]; aHR: 0.46; 95% CI:
0.26-0.83; P = 0.009) or intermediate risk (3.4% [84
of 2,445] vs 2.4% [99 of 4,095]; aHR: 0.74; 95% CI:
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FIGURE 2 Cumulative Incidence of Myocardial Infarction or Cardiac Death Following Discharge to 1 Year in Patients Discharged From the Emergency
Department and Admitted to Hospital Before and After Implementation of Risk Stratification
A Patients Discharged From the Emergency Department B Patients Admitted to Hospital
5% 5% -
aHR: 0.65 (95% Cl: 0.5-0.86) aHR: 1.09 (95% CI: 0.9-1.33)
P value = 0.002 P value = 0.375
£ 4% - £ 4% -
g (] g (]
s 8 5 8
8 8s
§9 3% - §9 3% -
35 20
£s £t
=] =]
2 P 2 Y
E=R ER
5% 3%
g g
S 1% A S 1% A
= =
0% - 0% -
T T T T T T T T T T T T T T T T
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
Days Since Discharge Days Since Discharge
At risk At risk
— 7407 7308 7240 7182 7146 712 7075 7,052 — 7,287 7186 7,090 7,024 6,941 6,858 6,801 6,734
-— 11,841 11,717 11,630 11,557 11,500 11,444 11,393 11,331 —— 4,944 4,843 4,771 4,708 4,647 4,577 4,529 4,489
—— Standard Care —— Early Rule-Out —— Standard Care —— Early Rule-Out
Survival free from myocardial infarction or cardiac death following discharge to 1 year compared in patients who were (A) discharged from the emergency department
and (B) admitted to hospital before (red) and after (blue) implementation of risk stratification using a cause-specific regression model adjusting for season, trial sites
(fitted as a random effect), an indicator variable for whether risk stratification was implemented, age, sex, estimated glomerular filtration rate, and comorbidities
including previous myocardial infarction, heart failure hospitalization, ischemic heart disease, diabetes mellitus, and cerebrovascular disease. The regression models
were performed in 18,823 of 19,249 (98%) discharged patients and 12,066 of 12,243 (99%) admitted patients in whom data on all variables were available.

0.55-0.99; P
and 3C).
When modeled variable,
increasing cardiac troponin concentrations at pre-
sentation was strongly associated with the risk of
experiencing a primary safety outcome, even though

0.046) at presentation (Figures 3B

as a continuous

values were within the normal reference range
(Supplemental Figure 3).

EFFECTIVENESS AND SAFETY OUTCOMES STRATIFIED
BY SEX. In an exploratory analysis, the length of
hospital stay and the proportion discharged from the
emergency department were similar between women
and men in both the low- and intermediate-risk
groups (Supplemental Figure 4). In those discharged
from the emergency department, the primary safety
outcome occurred less often after implementation of
risk stratification in men (aHR: 0.64; 95% CI: 0.46-
0.90; P = 0.011) with a similar trend in women (aHR:
0.74; 95% CI: 0.48-1.14; P = 0.169). In those admitted
to hospital, the primary safety outcome occurred at a

similar frequency before and after implementation
of risk stratification in women (aHR: 1.21; 95% CI:
0.88-1.68; P = 0.239) and in men (aHR: 1.01; 95% CI:
0.79-1.30; P = 0.922) (Supplemental Figure 5).

DISCUSSION

In a prespecified secondary analysis of the HiISTORIC
trial, we report the effectiveness and safety of
implementing risk stratification with high-sensitivity
cardiac troponin in patients with suspected acute
coronary syndrome stratified as low or intermediate
risk at presentation (Central Illustration). Imple-
mentation reduced length of stay and hospital
admission in both risk groups and was associated
with better outcomes in patients discharged from the
emergency department.

Several of our findings could inform clinical prac-
tice. First, implementation of risk stratification with
high-sensitivity cardiac troponin reduced length of
stay in the hospital by an average of 2.2 hours in low-
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FIGURE 3 Safety Outcomes in Patients Discharged From the Emergency Department Before and After Implementation With Stratification According to
Risk at Presentation

A Patients Discharged From the Emergency Department
Standard Care, n (%) Risk Stratification, n (%)
Events n=7,407 n=11,842 aHR (95%Cl) P Value
Primary outcome i
Myocardial infarction or cardiac death 112 (1.5%) 124 (1%) HilH : 0.65(0.5-0.86) 0.002
Secondary outcomes -
Myocardial infarction 61 (0.8%) 76 (0.6%) il 0.77 (0.54-1.1)  0.148
Cardiac death 54 (0.7%) 54 (0.5%) HilH : 0.55 (0.37-0.83) 0.005
Cardiovascular death 87 (1.2%) 86 (0.7%) HElH E 0.51(0.37-0.7) <0.001
Non-cardiovascular death 230 (3.1%) 383 (3.2%) I-l-? 0.85(0.72-1.01) 0.071
Any hospital reattendance 2,105 (28.4%) 3,710 (31.3%) | 0.93(0.88-0.98) 0.012
T T T T 1
0 05 1 1.5 2
aHR With 95% CI
B Low-Risk Patients Discharged From the Emergency Department
Standard Care, n (%) Risk Stratification, n (%)
Events n=4,962 n=7,747 aHR (95%Cl)  PValue
Primary outcome i
Myocardial infarction or cardiac death 28 (0.6%) 25 (0.3%) Hl— E 0.46 (0.26-0.83) 0.009
Secondary outcomes -
Myocardial infarction 20 (0.4%) 19 (0.2%) —— 0.53(0.27-1.02) 0.058
Cardiac death 8 (0.2%) 6 (0.1%) H —EI 0.35(0.11-1.14)  0.083
Cardiovascular death 11 (0.2%) 10 (0.1%) H —4 0.4 (0.16-1.04) 0.06
Non-cardiovascular death 69 (1.4%) 115 (1.5%) H -i—l 0.87(0.63-1.19) 0.374
Any hospital reattendance 1,446 (29.1%) 2,576 (33.3%) ] 0.96 (0.9-1.03) 0.245

0 05 1 1.5 2

aHR With 95% CI
C Intermediate-Risk Patients Discharged From the Emergency Department
Standard Care, n (%) Risk Stratification, n (%)
Events n=2,445 n=4,095 aHR (95% CI) P Value
Primary outcome i
Myocardial infarction or cardiac death 84 (3.4%) 99 (2.4%) H —g' 0.74 (0.55-0.99) 0.046
Secondary outcomes -
Myocardial infarction 41 (1.7%) 57 (1.4%) —— 0.92(0.6-1.39) 0.68
Cardiac death 46 (1.9%) 48 (1.2%) —H— : 0.6 (0.39-0.92) 0.019
Cardiovascular death 76 (3.1%) 76 (1.9%) HlH E 0.54 (0.38-0.76) <0.001
Non-cardiovascular death 161 (6.6%) 268 (6.5%) H 1:-4 0.88(0.72-1.09) 0.243
Any hospital reattendance 659 27%) 1,134 (27.7%) (K 0.85(0.76-0.94) 0.002

05 1 15 2
aHR With 95% CI

o

Primary and secondary safety outcomes at 1 year in patients with suspected acute coronary syndromes discharged from the emergency department before and after
implementation of risk stratification (A). Primary and secondary safety outcomes before and after implementation of risk stratification in patients discharged from the
emergency department stratified as low (B) or intermediate (C) risk at presentation. All analyses used a cause-specific regression model adjusting for season, trial sites
(fitted as a random effect), an indicator variable for whether risk stratification was implemented, age, sex, estimated glomerular filtration rate, and comorbidities
including previous myocardial infarction, heart failure hospitalization, ischemic heart disease, diabetes mellitus, and cerebrovascular disease. The regression models
were performed in 18,823 of 19,249 (98%) patients in whom data on all variables were available. Abbreviation as in Figure 2.
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1. Chest Pain Patients Were Risk-Stratified Using High-

Sensitivity Cardiac Troponin at Presentation.

31,492
patients
59 + 17 years
45% women

Intermediate risk
(5 ng/L to sex-specific
99th percentile URL)

ED Discharge.

CENTRAL ILLUSTRATION Safety of Risk Stratification With High-Sensitivity Cardiac Troponin in the
Emergency Department: A Secondary Analysis of the HiSTORIC Trial

2. Risk Stratification With High-Sensitivity Cardiac Troponin Reduced
Length of Hospital Stay.

Length of hospital stay in hours
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3. Risk Stratification With High-Sensitivity Cardiac Troponin Increased

ﬁ Proportion discharged from the Emergency Department (%)
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Standard care
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4. Risk Stratification With High-Sensitivity Cardiac

Troponin Improved Safety in Those Discharged.

Proportion with myocardial infarction or cardiac death
at 1 year after discharged (%)

®
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Li Z, et al. JACC. 2025;86(19):1738-1748.

l 0.3% Risk stratification
[ 4 T T T T T T T T T —™ ® T T T T ™
0 10 20 30 40 50 60 70 80 90 100 0 1 2 3 4 5]
36% [2,445/6,759] Standard care 3.4% Standard care
55% [4,095/7,434] Risk stratification 2.4% Risk stratification

ED = emergency department; hs-cTnl = high-sensitivity cardiac troponin I; URL = upper reference limit.

risk and 4.8 hours in intermediate-risk patients. This
was achieved by halving the number of serial cardiac
troponin tests in low-risk patients and by reducing
the time interval between serial measurements by
two-thirds in intermediate-risk patients. Second, the
use of risk stratification increased the proportion of
patients discharged from the emergency department
from 62% to 83% and from 36% to 55% in those
stratified as low and intermediate risk, respectively.
Third, those patients discharged from the emergency
department were at lower risk of subsequent
myocardial infarction or cardiac death after risk
stratification was used to guide the selection of pa-
tients for discharge. This was consistent in both low-
and intermediate-risk patients and for other safety
outcomes of cardiac death, cardiovascular death, and
hospital reattendance at 1 year, which occurred less

often in those discharged from the emergency
department after risk stratification was imple-
mented. Exploratory analyses stratified by sex
showed similar effectiveness and safety outcomes in
women and men. Together our findings demonstrate
that the implementation of risk stratification with
high-sensitivity cardiac troponin in the emergency
department is effective and safe in both low- and
intermediate-risk patients with benefits for both pa-
tients and health care providers.

Although international guidelines now encourage
the use of risk stratification within accelerated diag-
nostic pathways®®?’ and multiple pathways have
been evaluated in observational studies, there are
limited data on their efficacy or effectiveness from
randomized trials. Two other randomized trials have
reported.?®2° The LoDED (Limit of Detection and ECG

1745



1746

Li et al

Risk Stratification and High-Sensitivity Cardiac Troponin

Discharge) trial randomized 632 patients with chest
pain to immediate discharge using the limit of
detection of a high-sensitivity assay for risk stratifi-
cation, but this approach did not significantly in-
crease the rate of hospital discharge at 4 hours
compared with standard care (46% [141 of 309] vs
37% [114 of 311]).?® In contrast, the RAPID-TnT (Rapid
Assessment of Possible Acute Coronary Syndrome in
the emergency department with High-Sensitivity
Troponin T) trial compared a 0/3-hour pathway
without risk stratification with a 0/1-hour pathway
with risk stratification using high-sensitivity cardiac
troponin T in 3,378 patients, and demonstrated a
reduction in length of stay of 1.2 hours and an in-
crease in discharge from the emergency department
(32% Vs 45%) when care was guided by risk stratifi-
cation.”® Interestingly, the increase in the proportion
of patients discharged from the emergency depart-
ment when risk stratification was used to guide care
was similar at 12% and 13% in LoDED and RAPID-TnT,
respectively. Neither trial reported efficacy stratified
into low- or intermediate-risk groups. Both sought
patient consent and therefore may have been influ-
enced by selection bias or the Hawthorne effect
whereby lower-risk patients with less to gain are
enrolled or direct observation of clinical care by re-
searchers promotes adherence in both arms. Our trial
evaluated effectiveness in consecutive patients in
whom care was not directly overseen by the
researcher. Although it is difficult to compare out-
comes between trials directly as the populations
enrolled and the care pathways differed, our findings
add to these prior reports suggesting that risk strat-
ification with high-sensitivity cardiac troponin can
achieve important reductions in length of stay and
hospital admission for both low- and intermediate-
risk patients.

Accelerating care and reducing hospital admission
is important for patients and health care systems, but
only if this can be achieved without compromising
patient safety. Although the 0/1-hour protocol in the
RAPID-TnT trial was not inferior to standard care, the
trial did not evaluate safety outcomes in those dis-
charged from the emergency department. Indeed, in
a secondary analysis of the RAPID-TnT trial, death or
myocardial infarction at 1 year was higher in patients
evaluated using the 0/1-hour pathway compared with
the 0/3-hour pathway (3.7% vs 2.3%). The HiSTORIC
trial did not demonstrate noninferiority for the pri-
mary safety outcome at 30 days, in part because of
the very low number of events.?®*° However, our
findings from this prespecified secondary analysis are
reassuring and suggest that accelerated care and
reducing hospital admission does not increase
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subsequent myocardial infarction or cardiac death at
1 year in either low- or intermediate-risk patients.
Indeed, where risk stratification was used to guide
the selection of patients for discharge or admission,
those discharged from the emergency department
were at lower risk of subsequent myocardial infarc-
tion or cardiac death at 1 year. Reassuringly, although
the absolute increase in discharge from the emer-
gency department was substantial at ~20%, this was
not associated with an increase in hospital reat-
tendance. No excess in reattendance for any cause or
noncardiovascular death was observed, suggesting
that focusing on early discharge of those without
myocardial infarction does not contribute to misdi-
agnosis of noncardiac conditions. Together these
findings suggest that the use of risk stratification to
guide whether or not to discharge patients from the
emergency department improves the identification of
those at risk compared with relying on clinical judg-
ment and a “negative” troponin. The higher
discharge rate likely reflects increased confidence
among clinicians in interpreting high-sensitivity
cardiac troponin with a single cardiac troponin test.
In contrast, a “negative troponin” does not neces-
sarily confer low risk and, therefore, serial testing
and hospital admission is more likely.

STUDY LIMITATIONS. The HiSTORIC trial evaluated
the use of a single high-sensitivity cardiac troponin I
assay, and whether applying a similar approach to
risk stratification using other assays would be effec-
tive is unclear.””*' Although observational studies
suggest this approach can be applied to multiple
high-sensitivity cardiac troponin assays,'”>>* the
thresholds used for risk stratification are not biolog-
ically equivalent and the gains in efficiency for health
care systems may differ. However, we note that the
length of stay in the standard care arm of our trial
was comparable to those observed in other health
care settings.>® Likewise, the HiSTORIC trial evalu-
ated the use of risk stratification within a specific
early rule-out pathway that is designed to maximize
the proportion of patients discharged using a single
cardiac troponin measurement at presentation.
Whether similar reductions in length of stay and
hospital admission can be safely achieved using other
approaches to risk stratification or serial sampling
pathways is under evaluation in clinical trials.** Un-
fortunately, information on care following discharge
was not recorded, and we do not know whether those
patients who were discharged following imple-
mentation of risk stratification were more likely to be
referred to outpatient services, an important health
economic consideration. Furthermore, we were not
able to report the proportion of patients who
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subsequently underwent coronary angiography
before and after implementation of risk stratifica-
tion. The role of imaging in patients discharged
after myocardial infarction is excluded remains
uncertain and is currently being evaluated in a
randomized controlled trial of coronary computed
tomography angiography.>>-3°

CONCLUSIONS

Risk stratification with high-sensitivity cardiac
troponin reduced length of stay in both low- and
intermediate-risk patients with suspected acute
coronary syndrome. Following implementation,
discharge from the emergency department increased
in both groups and those discharged were at lower risk
of subsequent myocardial infarction or cardiac death.
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able request.

TRANSPARENCY. The lead authors (Dr Li and Dr
Doudesis) affirm that the manuscript is an honest,
accurate, and transparent account of the study being
reported, that no important aspects of the study have
been omitted, and that any discrepancies from the
study as planned have been explained.

DISSEMINATION TO PARTICIPANTS AND RELATED
PATIENT AND PUBLIC COMMUNITIES. Findings of
this study will be shared with clinicians and patients
through national and international cardiology con-
ferences, and through social media platforms.

Li et al

Risk Stratification and High-Sensitivity Cardiac Troponin

A plain-language summary also will be disseminated
through a press release.

ACKNOWLEDGMENTS The authors thank re-
searchers from the Emergency Medicine Research
Group Edinburgh and the British Heart Foundation
Cardiovascular Biomarker Laboratory at the Univer-
sity of Edinburgh for their support during the

conduct of the trials.

FUNDING SUPPORT AND AUTHOR DISCLOSURES

This trial was funded by the British Heart Foundation (PG/15/51/
31596). Dr Doudesis is supported by the British Heart Foundation
(PG/24/12136). Dr Wereski is supported by a Clinical Research
Training Fellowship (MR/V007017/1) from the Medical Research
Council. Dr Taggart is supported by a British Heart Foundation
Clinical Research Training Fellowship (FS/CRTF/21/2473). Dr Lee is
supported by the British Heart Foundation (FS/18/25/33454). Dr Mills
and Dr Newby are supported by the British Heart Foundation
through a Chair Award (CH/F/21/90010; CH/09/002/26360), Pro-
gramme Grant (RG/20/10/34966; RG/F/22/110093), and Research
Excellence Award (RE/24/130012). The funders played no role in the
design, conduct, data collection, analysis, or reporting of the trial.
This work was supported by DataLoch (https://dataloch.org/), which
is funded by the Data Driven Innovation programme within the
Edinburgh and South East Scotland City Region Deal. Dr Mills has
received honoraria from Abbott Diagnostics, Siemens Healthineers,
and Roche Diagnostics in the past 36 months. All other authors have
reported that they have no relationships relevant to the contents of
this paper to disclose.

ADDRESS FOR CORRESPONDENCE: Prof Nicholas L.
Mills, BHF/University Centre for Cardiovascular Sci-
ence, The University of Edinburgh, Edinburgh EH16
4SA, United Kingdom. E-mail: nick.mills@ed.ac.uk.

REFERENCES

1. Goodacre S, Thokala P, Carroll C, et al. Sys-
tematic review, meta-analysis and economic
modelling of diagnostic strategies for suspected
acute coronary syndrome. Health Technol Assess.
2013;17:v-vi, 1-188, https://doi.org/10.3310/
hta17010

2. Virani SS, Alonso A, Benjamin EJ, et al. Heart
disease and stroke statistics-2020 update: a
report from the American Heart Association.
Circulation. 2020;141:e139-e596. https://doi.org/
10.1161/CIR.0000000000000757

3. Lowry MTH, Anand A, Mills NL. Implementing
an early rule-out pathway for acute myocardial
infarction in clinical practice. Heart (British Cardiac
Society). 2021;107:1912-1919. https://doi.org/10.
1136/heartjnl-2019-316242

4. Gulati M, Levy PD, Mukherjee D, et al. 2021
AHA/ACC/ASE/CHEST/SAEM/SCCT/SCMR  guide-
line for the evaluation and diagnosis of chest pain:
executive summary: a report of the American
College of Cardiology/American Heart Association
Joint Committee on Clinical Practice Guidelines.

Circulation. 2021;144:e336-e367. https://doi.org/
10.1161/CIR.0000000000001030

5. Writing Committee, Kontos MC, de Lemos JA,
et al. 2022 ACC expert consensus decision
pathway on the evaluation and disposition of
acute chest pain in the emergency department.
J Am Coll Cardiol. 2022;80:1925-1960. https://
doi.org/10.1016/j.jacc.2022.08.750

6. Thygesen K, Alpert JS, Jaffe AS, et al. Fourth
universal definition of myocardial infarction
(2018). Eur Heart J. 2019;40:237-269. https://
doi.org/10.1093/eurheartj/ehy462

7. Chapman AR, Lee KK, McAllister DA, et al. As-
sociation of high-sensitivity cardiac troponin i
concentration with cardiac outcomes in patients
with suspected acute coronary syndrome. JAMA.
2017;318:1913-1924.  https://doi.org/10.1001/
jama.2017.17488

8. Pickering JW, Than MP, Cullen L, et al. Rapid
rule-out of acute myocardial infarction with a
single high-sensitivity cardiac troponin T mea-
surement below the Llimit of detection: a

collaborative meta-analysis. Ann Intern Med.
2017;166:715-724. https://doi.org/10.7326/M16-
2562

9. Body R, Carley S, McDowell G, et al. Rapid
exclusion of acute myocardial infarction in pa-
tients with undetectable troponin using a high-
sensitivity assay. J Am Coll Cardiol. 2011;58:
1332-1339. https://doi.org/10.1016/j.jacc.2011.
06.026

10. Shah ASV, Anand A, Sandoval Y, et al. High-
sensitivity cardiac troponin | at presentation in pa-
tients with suspected acute coronary syndrome: a
cohort study. Lancet. 2015;386:2481-2488.
https://doi.org/10.1016/50140-6736(15)00391-8

11. Body R, Mueller C, Giannitsis E, et al. The use
of very low concentrations of high-sensitivity
troponin T to rule out acute myocardial infarc-
tion using a single blood test. Acad Emerg Med.
2016;23:1004-1013.  https://doi.org/10.1111/acem.
13012

12. Boeddinghaus J, Nestelberger T, Twerenbold R,
et al. Direct comparison of 4 very early rule-out

1747


mailto:nick.mills@ed.ac.uk
https://doi.org/10.3310/hta17010
https://doi.org/10.3310/hta17010
https://doi.org/10.1161/CIR.0000000000000757
https://doi.org/10.1161/CIR.0000000000000757
https://doi.org/10.1136/heartjnl%2D2019%2D316242
https://doi.org/10.1136/heartjnl%2D2019%2D316242
https://doi.org/10.1161/CIR.0000000000001030
https://doi.org/10.1161/CIR.0000000000001030
https://doi.org/10.1016/j.jacc.2022.08.750
https://doi.org/10.1016/j.jacc.2022.08.750
https://doi.org/10.1093/eurheartj/ehy462
https://doi.org/10.1093/eurheartj/ehy462
https://doi.org/10.1001/jama.2017.17488
https://doi.org/10.1001/jama.2017.17488
https://doi.org/10.7326/M16%2D2562
https://doi.org/10.7326/M16%2D2562
https://doi.org/10.1016/j.jacc.2011.06.026
https://doi.org/10.1016/j.jacc.2011.06.026
https://doi.org/10.1016/S0140%2D6736%2815%2900391%2D8
https://doi.org/10.1111/acem.13012
https://doi.org/10.1111/acem.13012

1748

Li et al

Risk Stratification and High-Sensitivity Cardiac Troponin

strategies for acute myocardial infarction using
high-sensitivity cardiac troponin I. Circulation.
2017;135:1597-1611. https://doi.org/10.1161/CIRCU-
LATIONAHA.116.025661

13. Sandoval Y, Smith SW, Love SA, Sexter A,
Schulz K, Apple FS. Single high-sensitivity cardiac
troponin | to rule out acute myocardial infarction.
Am J Med. 2017;130:1076-1083.e1071. https://
doi.org/10.1016/j.amjmed.2017.02.032

14. Lindahl B, Jernberg T, Badertscher P, et al. An
algorithm for rule-in and rule-out of acute
myocardial infarction using a novel troponin |
assay. Heart. 2017;103:125-131. https://doi.org/
10.1136/heartjnl-2016-309951

15. Greenslade J, Cho E, Van Hise C, et al. Evalu-
ating rapid rule-out of acute myocardial infarction
using a high-sensitivity cardiac troponin | assay at
presentation. Clin Chem. 2018;64:820-829.
https://doi.org/10.1373/clinchem.2017.283887

16. Reichlin T, Schindler C, Drexler B, et al. One-
hour rule-out and rule-in of acute myocardial
infarction using high-sensitivity cardiac troponin
T. Arch Intern Med. 2012;172:1211-1218. https://
doi.org/10.1001/archinternmed.2012.3698

17. Chapman AR, Anand A, Boeddinghaus J, et al.
Comparison of the efficacy and safety of early
rule-out pathways for acute myocardial infarction.
Circulation. 2017;135:1586-1596. https://doi.org/
10.1161/CIRCULATIONAHA.116.025021

18. Rubini Gimenez M, Twerenbold R, Jaeger C,
et al. One-hour rule-in and rule-out of acute
myocardial infarction using high-sensitivity cardiac
troponin I. Am J Med. 2015;128:861-870.e864.
https://doi.org/10.1016/j.amjmed.2015.01.046

19. Doudesis D, Lee KK, Boeddinghaus J, et al.
Machine learning for diagnosis of myocardial
infarction using cardiac troponin concentrations.
Nat Med. 2023;29:1201-1210. https://doi.org/10.
1038/s41591-023-02325-4

20. Anand A, Lee KK, Chapman AR, et al. High-
sensitivity cardiac troponin on presentation to
rule out myocardial infarction: a stepped-wedge
cluster randomized controlled trial. Circulation.
2021;143:2214-2224.  https://doi.org/10.1161/
CIRCULATIONAHA.120.052380

21. Chapman AR, Fujisawa T, Lee KK, et al. Novel
high-sensitivity cardiac troponin | assay in pa-
tients with suspected acute coronary syndrome.
Heart. 2019;105:616-622. https://doi.org/10.
1136/heartjnl-2018-314093

22, Sottish Intercollegiate Guideline Network
(SIGN). Acute coronary syndromes (SIGN publi-
cation number 93). February 2007. Accessed

2013. https://www.sign.ac.uk/our-guidelines/93-
acute-coronary-syndromes/

23. Hamm CW, Bassand JP, Agewall S, et al. ESC
Guidelines for the management of acute coronary
syndromes in patients presenting without persis-
tent ST-segment elevation: the task force for the
management of acute coronary syndromes (ACS)
in patients presenting without persistent ST-
segment elevation of the European Society of
Cardiology (ESC). Eur Heart J. 2011;32:2999-
3054. https://doi.org/10.1093/eurheartj/ehr236

24. Lee KK, Ferry AV, Anand A, et al. Sex-specific
thresholds of high-sensitivity troponin in patients
with suspected acute coronary syndrome. J Am
Coll Cardiol. 2019;74:2032-2043. https://doi.org/
10.1016/j.jacc.2019.07.082

25. Shah ASV, Anand A, Strachan FE, et al. High-
sensitivity troponin in the evaluation of patients
with suspected acute coronary syndrome: a
stepped-wedge, cluster-randomised controlled
trial. Lancet. 2018;392:919-928. https://doi.org/
10.1016/50140-6736(18)31923-8

26. Writing Committee M, Gulati M, Levy PD,
et al. 2021 AHA/ACC/ASE/CHEST/SAEM/SCCT/
SCMR guideline for the evaluation and diagnosis
of chest pain: executive summary: a report of the
American College of Cardiology/American Heart
Association Joint Committee on Clinical Practice
Guidelines. J Am Coll Cardiol. 2021;78:2218-2261.
https://doi.org/10.1016/j.jacc.2021.07.052

27. Byrne RA, Rossello X, Coughlan JJ, et al.
2023 ESC guidelines for the management of
acute coronary syndromes. Eur Heart J.
2023;44:3720-3826. https://doi.org/10.1093/
eurheartj/ehad191

28. Carlton EW, Ingram J, Taylor H, et al. Limit of
detection of troponin discharge strategy versus
usual care: randomised controlled trial. Heart.
2020;106:1586-1594.  https://doi.org/10.1136/
heartjnl-2020-316692

29. Chew DP, Lambrakis K, Blyth A, et al
A randomized trial of a 1-hour troponin T protocol
in suspected acute coronary syndromes: the Rapid
Assessment of Possible Acute Coronary Syndrome
in the Emergency Department With High-
Sensitivity Troponin T Study (RAPID-TnT). Circu-
lation. 2019;140:1543-1556. https://doi.org/10.
1161/CIRCULATIONAHA.119.042891

30. Parker RA, Keerie C, Weir CJ, Anand A,
Mills NL. Divergent confidence intervals among
pre-specified analyses in the HiSTORIC stepped
wedge trial: An exploratory post-hoc investiga-
tion. PLoS One. 2022;17:e0271027. https://doi.
org/10.1371/journal.pone.0271027

JACC VOL. 86, NO. 19, 2025
NOVEMBER 11, 2025:1738-1748

31. Chapman AR, Sandeman D, Ferry AV, et al.
Risk stratification using high-sensitivity cardiac
troponin T in patients with suspected acute cor-
onary syndrome. J Am Coll Cardiol. 2020;75:985-
987. https://doi.org/10.1016/j.jacc.2019.12.036

32. Sandoval Y, Jaffe AS. Raising the bar for clinical
cardiac troponin research studies and imple-
mentation science. Circulation. 2021;143:2225-
2228. https://doi.org/10.1161/CIRCULATIONAHA.
121.054926

33. Thulin VIL, Jordalen SMF, Myrmel GMS, et al.
Effectiveness of point-of-care high-sensitivity
troponin testing in the emergency department: a
randomized controlled trial. Ann Emerg Med.
2025;86(2):124-135.  https://doi.org/10.1016/j.
annemergmed.2025.03.005

34. Inoue K, Chieh JTW, Yeh LC, et al. An
international, stepped wedge, cluster-
randomized trial investigating the 0/1-h algo-
rithm in suspected acute coronary syndrome in
Asia: the rational of the DROP-Asian ACS study.
Trials. 2022;23:986. https://doi.org/10.1186/
s13063-022-06907-4

35. Lee KK, Bularga A, O'Brien R, et al. Troponin-
guided coronary computed tomographic angiog-
raphy after exclusion of myocardial infarction.
J Am Coll Cardiol. 2021;78:1407-1417. https://doi.
0rg/10.1016/j.jacc.2021.07.055

36. Lee KK, Lowe D, O'Brien R, et al. Troponin in
acute chest pain to risk stratify and guide effec-
tive use of computed tomography coronary
angiography (TARGET-CTCA): a randomised
controlled trial. Trials. 2023;24:402. https://doi.
0rg/10.1186/s13063-023-07431-9

KEY WORDS high-sensitivity cardiac
troponin, myocardial infarction, risk
stratification

APPENDIX For the list of HISTORIC trial
investigators, supplemental figures and tables,
HighSTEACS (High-sensitivity Troponin in the
Evaluation of patients with Acute Coronary
Syndrome) trial protocol, and statistical
analysis plan, please see the online version of
this paper.

Go to https://www.acc.org/
ABIME jm:-m““ I to K
ACCREDITED ﬂn mEIMm q"‘z fa’ th.s
paper.


https://doi.org/10.1161/CIRCULATIONAHA.116.025661
https://doi.org/10.1161/CIRCULATIONAHA.116.025661
https://doi.org/10.1016/j.amjmed.2017.02.032
https://doi.org/10.1016/j.amjmed.2017.02.032
https://doi.org/10.1136/heartjnl%2D2016%2D309951
https://doi.org/10.1136/heartjnl%2D2016%2D309951
https://doi.org/10.1373/clinchem.2017.283887
https://doi.org/10.1001/archinternmed.2012.3698
https://doi.org/10.1001/archinternmed.2012.3698
https://doi.org/10.1161/CIRCULATIONAHA.116.025021
https://doi.org/10.1161/CIRCULATIONAHA.116.025021
https://doi.org/10.1016/j.amjmed.2015.01.046
https://doi.org/10.1038/s41591%2D023%2D02325%2D4
https://doi.org/10.1038/s41591%2D023%2D02325%2D4
https://doi.org/10.1161/CIRCULATIONAHA.120.052380
https://doi.org/10.1161/CIRCULATIONAHA.120.052380
https://doi.org/10.1136/heartjnl%2D2018%2D314093
https://doi.org/10.1136/heartjnl%2D2018%2D314093
https://www.sign.ac.uk/our-guidelines/93-acute-coronary-syndromes/
https://www.sign.ac.uk/our-guidelines/93-acute-coronary-syndromes/
https://doi.org/10.1093/eurheartj/ehr236
https://doi.org/10.1016/j.jacc.2019.07.082
https://doi.org/10.1016/j.jacc.2019.07.082
https://doi.org/10.1016/S0140%2D6736%2818%2931923%2D8
https://doi.org/10.1016/S0140%2D6736%2818%2931923%2D8
https://doi.org/10.1016/j.jacc.2021.07.052
https://doi.org/10.1093/eurheartj/ehad191
https://doi.org/10.1093/eurheartj/ehad191
https://doi.org/10.1136/heartjnl%2D2020%2D316692
https://doi.org/10.1136/heartjnl%2D2020%2D316692
https://doi.org/10.1161/CIRCULATIONAHA.119.042891
https://doi.org/10.1161/CIRCULATIONAHA.119.042891
https://doi.org/10.1371/journal.pone.0271027
https://doi.org/10.1371/journal.pone.0271027
https://doi.org/10.1016/j.jacc.2019.12.036
https://doi.org/10.1161/CIRCULATIONAHA.121.054926
https://doi.org/10.1161/CIRCULATIONAHA.121.054926
https://doi.org/10.1016/j.annemergmed.2025.03.005
https://doi.org/10.1016/j.annemergmed.2025.03.005
https://doi.org/10.1186/s13063%2D022%2D06907%2D4
https://doi.org/10.1186/s13063%2D022%2D06907%2D4
https://doi.org/10.1016/j.jacc.2021.07.055
https://doi.org/10.1016/j.jacc.2021.07.055
https://doi.org/10.1186/s13063%2D023%2D07431%2D9
https://doi.org/10.1186/s13063%2D023%2D07431%2D9
http://www.acc.org/jacc-journals-cme
http://www.acc.org/jacc-journals-cme

	Safety of Using Risk Stratification Along With High-Sensitivity Cardiac Troponin in the Emergency Department
	Methods
	Trial design, study population, and intervention
	Study outcomes
	Statistical analysis
	Patient and public involvement

	Results
	Study population
	Effectiveness outcomes in patients stratified as low or intermediate risk
	Safety outcomes in patients discharged from the emergency department
	Effectiveness and safety outcomes stratified by sex

	Discussion
	Study limitations

	Conclusions
	Data availability
	Transparency
	Dissemination to participants and related patient and public communities

	Acknowledgments
	Funding Support and Author Disclosures
	References


