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Study objective: The evaluation for suspected acute coronary syndrome is a common and high-risk presentation in emergency
departments (EDs). After exclusion of acute myocardial infarction (Ml), patients often undergo early (within 72 hours) noninvasive
cardiac testing. We evaluated the association between early noninvasive testing and death/acute Ml in ED patients suspected of
acute coronary syndrome.

Methods: We used a retrospective cohort study design within the adult ED patient population (from October 2015 to December
2020) in whom MI was ruled out, belonging to a large integrated health care delivery system. Using data on history (H),
electrocardiogram (E), age (A), risk factors (R), and troponin (T), we computed the HEART risk score. We stratified the cohort into
low (score O to 3), intermediate (score 4 to 6), and high (score >7) risk and followed them up to 1-year after ED discharge. The
association between noninvasive testing within 3 days of the ED visit and composite risk of death/acute Ml within 1-year of
discharge was evaluated by propensity score analysis.

Results: The cohort included 174,917 patients (61% low risk [age 53; women 58%; noninvasive testing 5%], 36% intermediate
risk [age 71; women 52%; noninvasive testing 18%], and 3% high risk [age 74, women 45%; noninvasive testing 23%]). The risk
reduction in death/acute Ml associated with early noninvasive testing was —1.54% (—1.95% to —1.12%) number needed to treat
(NNT)=65; —4.93% (—5.66% to —4.20%) NNT=20, and —8.98% (95% confidence interval -11.32% to —6.64%) NNT=11; and, in
the low, intermediate, and high-risk respectively.

Conclusion: Early noninvasive testing was associated with reduced risk of 1-year death or acute Ml across all risk groups. [Ann

Emerg Med. 2025;86:311-323.]

Please see page 312 for the Editor's Capsule Summary of this article.
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INTRODUCTION

Background

Chest pain, a symptom that often triggers an
evaluation for suspected acute coronary syndrome (ACS),
is the second most frequent reason for all United States
emergency department (ED) visits and accounts for more
than 7 million annual encounters." The minority (13%)
of ED chest pain visits are related to ACS, and accurate
diagnosis is challenging with high clinical and medico-
legal stakes.” To minimize missed ACS, emergency
physicians will often order early (within 72 hours)
noninvasive testing, such as a stress test or coronary

computed tomography angiography, after
electrocardiogram and cardiac biomarkers have excluded
acute myocardial infarction (MI).

Importance

Professional guidelines from the American Heart
Association/American College of Cardiology (AHA/ACC),
European Society of Cardiology (ESC), and the American
College of Emergency Physicians (ACEP) emphasize the
importance of risk stratification to inform further testing,
including noninvasive testing and invasive angiography.””
However, there are varying recommendations on how to
use such information to guide subsequent management
after MI has been excluded by electrocardiogram and
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Editor’s Capsule Summary

What is already known on this topic

The appropriate follow-up of emergency department
(ED) patients who are ruled out for acute myocardial
infarction remains uncertain.

What question this study addressed

What is the benefit of early follow-up visits and
noninvasive testing when stratified by pre-test

HEART risk score?
What this study adds to our knowledge

Early noninvasive testing was associated with a
reduced risk of 1-year all-cause and cardiovascular
causes of death across risk groups. It is unclear
whether noninvasive testing or engaging patients in
risk-reduction strategies are most impactful.

Houw this is relevant to clinical practice

Rapid post ED care matters after acute myocardial
infarction, but the specific ideal steps are unclear.

cardiac biomarkers. The 2021 AHA/ACC Guideline for
the Evaluation and Diagnosis for Chest Pain suggests that
noninvasive testing is not routinely needed for low-risk
patients, whereas intermediate to high pretest patients may
benefit most from cardiac testing.” The 2020 ESC
Guidelines for the Management of ACS in patients
presenting without persistent ST-segment elevation state
that “stress testing with imaging or coronary computed
tomography angiography will be the best option in patients
with low-to-moderate clinical likelihood of unstable
amginal.”4 The AHA/ACC and ESC Guidelines do not
provide further guidance on the timing or setting of
subsequent testing after MI. Finally, the 2018 ACEP
Critical Issues in the Evaluation and Management of
Emergency Patients with Suspected Non-ST-Elevation
Acute Coronary Syndromes recommends against routine
noninvasive testing prior to discharge in low-risk patients.’
These professional guidelines reveal uncertainty about the
optimal approach to risk stratification. The efficacy of early
noninvasive testing on clinical outcomes is unclear, and no
prior research has assessed effect modification by pretest risk.

Goals of This Investigation

We previously reported a small reduction in 30-day
death/acute MI associated with early noninvasive testing.”
In this study, we further develop our prior work to assess
association of early noninvasive testing on 1-year outcomes

stratified by pretest risk using the extensively validated
history (H), electrocardiogram (E), age (A), risk factors (R)
and troponin (T) (HEART) score.” "’ Specifically, our
primary objective was to evaluate the association of early
noninvasive testing on the 1-year composite risk of all-
cause death and acute MI stratified by pretest HEART
risk score. Secondary outcomes included independent risk
of all-cause mortality, coronary vascular disease (CVD)-
specific mortality, and acute MI. Lastly, we also evaluated
if relative risk ratio of noninvasive testing differs across
HEART score strata, which could indicate differential
benefits of noninvasive testing, independent of patients
baseline risk.

METHODS

Study Design, Population, and Settings

We conducted a retrospective cohort study within the
member population of Kaiser Permanente Southern
California, an integrated health care organization with
more than 8,000 physicians, 15 hospitals, and 196 medical
offices. Kaiser Permanente Southern California provides
comprehensive health care to more than 4.9 million racially
and socio-economically diverse members residing within 7
counties of Southern California. Health care at Kaiser
Permanente Southern California is coordinated through
region-wide electronic medical records that capture detailed
information on care provided to members.

Kaiser Permanente Southern California hospitals
provide care to more than 1 million ED patients per year
(study sites ranging from approximately 25,000 to 95,000
ED visits per year). Of these ED visits, approximately 80%
are health plan members. During the study period, all sites
used the same troponin laboratory assay (Beckman Coulter
Access AccuTnl+-3) as well as a uniform 0-5 ng/mL MI
threshold. Physicians were asked to document the history
and ECG findings discretely in the medical record, to be
combined with age, risk factors, and troponin level to
calculate a HEART score for appropriate patients.'
Emergency physicians can order noninvasive testing as part
of the evaluation and discharge plan of patients with
suspected ACS.

The study was approved by the institutional review
board of Kaiser Permanente Southern California. The
study design and reporting followed the Strengthening the
Reporting of Observational Studies in Epidemiology

reporting guidelines for cohort studies.

Selection of Participants
We included all Kaiser Permanente Southern California
members aged 18 years or more between October 1, 2015,
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and December 31, 2020, presenting at 13 EDs operated by
Kaiser Permanente Southern California and who had valid
HEART score documentation. We required all patients to
have continuous health plan enrollment in the 12 months
prior to as well as 12 months after discharge from their
index ED visit unless they died during follow-up.

We excluded patients if: (1) MI was diagnosed in them
(based on International Classification of Diseases 9 or 10
codes), or they had an initial troponin level more than
0.5 ng/dl during the index ED encounter; (2) they died in
the ED at index event; (3) they were transferred from an
outside facility; (4) they were under institutional facility
care or end-of-life care; or (5) they had documented “do
not resuscitate” order in the electronic medical records.

Measurements

Outcomes, intervention, and covariates measurement.
Primary Outcome

The primary outcome was composite event of all-cause
death or acute MI event during 1-year follow-up from the
ED discharge date.

Secondary Outcomes

Secondary clinical outcomes included composite death
or acute MI within 30 days, composite death or acute MI
within 31 to 365 days, and individual event rates of all-
cause death within 1 year, cardiovascular cause of death
within 1 year, and acute MI during the 1-year follow-up
after the index chest pain visit.

Interventions

The exposure was performance of noninvasive cardiac
testing within 3 days of the ED visit. Noninvasive testing
included any of the following: stress electrocardiogram,
stress echocardiogram, stress nuclear myocardial perfusion,
or coronary computed tomography (CT) angiogram that
were identified by current procedural terminology codes or
electronic medical records order entry.

Covariates

Covariates included patient demographics and clinical
history. We used the health plan’s administrative records to
obtain information on age (years), sex, and race. We
obtained clinical data from the electronic medical records.
We defined comorbidities and cardiac risk factors using
laboratory values, medication use, and diagnostic or
procedure codes along with the Elixhauser index. The
details of the procedure and diagnostic codes have been
described elsewhere.”'”""” Body mass index (BMI) was

measured from ED intake documentation or the most
recently available visit, whereas smoking and family history
of coronary artery disease or stroke were self-reported
electronic medical records fields. Those with a history of
percutaneous coronary intervention (PCI) or coronary
artery bypass graft (CABG) were considered to have had

prior coronary revascularization.

Explanatory Causal Variables

To explore the mechanism of the potential benefit
associated with noninvasive testing, we measured coronary
revascularization procedures and pharmacological
treatment consistent with medical management of coronary
artery disease risk. Cardiac procedures, including CABG,
PCI, and invasive angiography, were measured during 2
time periods 1) during the index ED visits, 2) from
discharge to 30 days post discharge, and from 31 to 365
days after ED discharge. Additionally, we also identified
prescription medication use during the 1-year post ED
discharge for the following classes of medications: 1)
antidiabetic, 2) antithrombotic, 3) antihyperlipidemic, and
4) antihypertensive.

Analysis

We first stratified the cohort into low-risk (score 0 to 3),
intermediate-risk (score 4 to 6), and high-risk (score >7)
subcohorts based on the patient’s HEART score. Within
each subcohort, we used propensity score analysis,
specifically inverse probability of treatment weight models,
to evaluate the association of early noninvasive testing on
the composite outcome of death/acute MI.”" The inverse
probability of treatment weight analysis combined a 2-step
procedure where we first estimated the probability of
receiving early noninvasive testing using a logit model with
sociodemographic, cardiac comorbidities, and noncardiac
comorbid conditions as predictors (see Supplemental
Methods for details, available at http://www.annemergmed.
com). Next, we used the estimated inverse-probability
weights to compute weighted averages of the outcomes for
each exposure level. Lastly, the contrast of these weighted
averages provided estimates of the risk difference of the
primary outcome (and each secondary outcome evaluated
separately). We then computed the number needed to treat
(NNT) to benefit from early noninvasive testing as the
inverse of the absolute risk difference for each outcome.

To evaluate if the benefit of early noninvasive testing
differed by baseline risk, we compared relative risk ratios
estimated from Poisson regression models stratified by
HEART risk and specifying robust estimates of variance.
These Poisson models adjusted for same covariates as
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Figure 1. Study patient flowchart. Patients presenting with chest pain to an emergency department and patients included in the

analysis. KP, Kaiser Permanente.

specified in the inverse probability of treatment weight
model (see Supplemental Methods for details).

As exploratory analysis to understand the mechanism of
benefit attributable to early noninvasive testing, we
evaluated differences between cardiac procedures and
prescription medication use between those who had early
noninvasive testing versus those who did not have early
noninvasive testing using inverse probability of treatment
weight models. These inverse probability of treatment
weight models were similar to our primary inverse
probability of treatment weight analysis using a logit model
with sociodemographic, cardiac comorbidities, and
noncardiac comorbid conditions as predictors to obtain
probability of early noninvasive testing and then contrasted
the weighted averages to obtain the risk differences.

For the inverse probability of treatment weight model,
we checked balancing of the covariates based on raw and
weighted standardized differences in proportion and
variance of each covariate. To ensure that our inferences
were robust to the choice of statistical modeling, we
performed extensive sensitivity analysis to account for
functional form and unobserved confounding bias (see

Supplemental Methods for details). All hypothesis tests
were 2-sided with an apriori type I error set at 5%. Data
were analyzed using Stata or MP version 15 software (Stata

Corp LLC, College Station, TX).

RESULTS

Characteristics of Study Subjects

Between May 2016 and December 2020, we identified
a total number (N) of 186,611 Kaiser Permanente
Southern California patients who had an ED visit and had
a HEART score (Figure 1). After applying the exclusions
based on primary MI, death at the index ED visit, do not
resuscitate, or hospice status, the final analytic cohort
included 174,917 patients. Based on HEART score, the
majority of the included cohort was categorized as low risk
(61%) (N=106,478 [mean age, 53 years; women, 58%;
early noninvasive testing, 5%]), followed by 36%
categorized as intermediate risk (N=63,037 [mean age, 71;
women, 52%; early noninvasive testing, 18%]), and 3%
categorized as high risk (N=5,402 [mean age, 74; women,
45%; early noninvasive testing, 23%]) (Table 1 and

314 Annals of Emergency Medicine

Volume 86, No. 4 : October 2025



Noninvasive Cardiac Stress Testing and Acute Myocardial Infarction

Kawatkar et al

(2'02) gG¢ ('6€) TY9'T (r'2) 0Le (9'T) 828 (t0) 6T (T°0) /8 (T°€) ¥¥S (9'T) 965 uoneIAsp |S Juedylusis
sagueyo

(8'G2) €6 (629) ¥T¥'C (e'¥S) LE0'9 (zv9) o1E'eE (z'6T) 986 (091) GzT'oT (g'gv) 856°L (0'e€) 6¥6'TS uoreziiejodas o1199dsuoN

(ge) ev (L2 1T (€'ey) €T8'Y (Tve) 6LL°LT (t°'08) 92Ty (6'€8) G€0'G8 (7'19) ¢86'8 ('59) 826'20T [ewIoN
(%) u 903 L¥VIH

('eL) G06 (8'T9) L.G°C (9'02) 68C'C ('v) 90€‘C (2'T) g8 (T°0) LT (8'87) 6.2 (z'e) oco's snooldsns AjysiH

(°'€2) 68¢C (T'L2) 8¢T'T (z'vS) T€0'9 (7'€2) €ST'CT (0'22) 0ET'T (g'q) €2G's (92v) 0G¥'L (0'CT) ¥5'88T snofoldsns Ajgiesapo

(ze) 6€ (TT7) ¥9r (z'se) 008 (T'zL) 8S¥'LE (€9L) 916'E ('v6) L29'G6 (9'8€) GG1'9 (8'78) 6VSEET snoloidsns Aysis
(%) u ‘A103siy LHVIH

(8'0%) €0G (7€) 9vv'T (zev) T08'Y (z'8€) ge8'6T (gev) vee'e (G'T¥) 820‘cy (Tev) 8€5°L (zov) 60€'€9 95900

(2°G€) vy (9°€€) TOV'T (0've) 08L' (z'ze) evL'aT (zee) ToL'T (8'62) 6ST'0E (6'€€) TT6'S (£°0€) €og'sy WBemiang

(€'02) 052 (¥'L2) THT'T (g'67) L9T'C (8'v2) ¥.8'CT (8'LT) GT6 (t'02) 9.9'0C (T67) zee'e (0Ce) 169'7E [ewIoN

(T7) € (972) 60T (Lo ¢ (z2) 6vT'T (G0 L (eT)0L2'T (L0) ezt (9°7) 8¢5 Bemispun
(%) u ‘A1o3e3es NG

(8'TY) GTS (SvY) ¥S8'T (2'gg) €16 (e'6€) TTY'0C (¢v2) o't (9°€2) ove'ce (8'ce) 8TL'S (v'62) GTC'9V O

M (€0 7T (€0) 9 (€0) €ST (€0 v (9°0) 85 (€0 8 (g'0) 8¥L dAIssed

(T°29) Tv9 (z'6%) 050 (-99) LT€'9 (z'¥Q) ¥TT'8C (0°29) Lev'E (9'79) 6TG'G9 (g'69) 96€'0T (8°09) £89'G6 JanaN

(0'Q) 29 (6'%) S0z (6'G) 659 (1°9) 629°'C (L'9) T6C (€'9) zge'9 (8'G) TT0'T (8'3) 98T'6 BANOY
(%) u ‘smyeys Sunjows

(z'29) L9 (T°79) 0€T'C (z'69) 985'9 (9°29) €88'6C (8'€9) 652 (0'vS) 92L'vS (8°2G) ZTT'OT (T°GQ) 6£2'98 UM

(8'TT) 9VT (g'2T) 02S (8'%T) EV9'T (T¥T) vee'L (8'02) 690'T (6'02) €ST'TC (€°9T) 858 (¥'8T) ,66'8C s1syI0

(TvT) vLT (¥°5¢) 850'T (T€T) TSP'T (z91) TTv's (9CT) 8Y9 (zeT) zee'eT (0€T) vL2'C (¥1) 218'CC woelg

(00T) €T (%S'6) 86E (6°0T) TTZ'T (goT) gev's (T7T7) 2.5 (zoT) z8e'oT (60T) TT6'T (€0T) GTZ'9T ueisy

(61T € (7)€ (12) 8¢¢ (97) €58 (e1)8 (LT) ¥SL'T (6'T) 6C€ (L'T) 0L9'C Japuels| oy1oed/eAneN exsely
(%) u ‘eoey
(v'L¥) 685 (6'€¥) 0£8'T (G'09) 029's (679) z€B'OT (zeg) ogL'e (L89) 605'6S (T'T9) ge6'8 (T'99) T.2'88 (%) u ‘uswom
(0g'8) 9°€L (G6°0T) 9°€L (0€'TT) 699 (6€TT) T'CL (LETT) T'SS (8G°GT) ¥'¢S (T9CT) 6'€9 (eTL1) v'6S (as) uesw ‘a3 e (A) 88y
(€€2‘T=N) (69T‘v=N) (0ZT‘TT=N) (LT6‘TS=N) (TET'S=N) (LYE‘TOT=N) (¥8Y'LT=N) (€€¥‘LST=N) ansuajoeIey)

sAep € ulyym 1IN shep g sAep € ulyum 1IN shkep ¢ sAep € ulyuMm LIN sfep sAep € ulypum LIN skep ¢
ulyuMm LIN ON ulyuM LIN ON UIYNM LIN ON UIYHM LIN ON
(0T-L 21098 LHV3IH) USIH (9 21098 LYVIH) d1elpawuaju] (€-0 21098 LYVIH) Mo Hoyo) |ejoL

fi0801e9 1¥VIH

WslY 1HVIH AQ Sonsus1oeleyod [2ojuljd pue olydelSowspoloos T ajqel

Annals of Emergency Medicine 315

October 2025

Volume 86, No. 4



Kawatkar et al

Noninvasive Cardiac Stress Testing and Acute Myocardial Infarction

(0ce) 122 (€'Gge) TLV'T (LTT) L62'T (r'¥T) GL9'CT (0€) ¥ST (€9) zee's (8'6) 2TL'T (7'2T) 61161 (%)u ‘paredl|dwod uoisusLadAH
(5'vL) 816 (z'99) LTl (8'29) v¥5'L (0'99) €82'tE (6'3€) 866'T (z9g) v.9'9€ (8'65) 09¥'0T (8'9Y) v19'€L (%)u ‘pajeiidwooun uoisuspedAH
(r69) €€ (9'79) 269 (8'6€) 9Tv'y (z'29) 689'6C (€'TT) ¢85 (L'vT) 0€6'VT (8'2€) TVL'S (T'0€) TTE' L (%)u ‘s1opiosip Jenosen |esayduad
(69 € (0'6) 9.8 (62) €z€ (T°2) 269'e (07 ¢ (€2) zee'e (92) 8ty (Tv) 0019 (%)u ‘sisplosip uonenald Aieuowind
("€T) GoT (8'8T) ¢8. (T9) 229 (r'eT) Ger'e (') ¢et (Te) e0T'E (g9) ¥96 (99) 9T€'0T (%)u ‘oseasIp JeinAleA
(6'€€) 8TV (r'6€) EVO'T (r'12) LL€'T (6'2€) 660°LT (00T) GTS (8'TT) L00'CT (6'81T) OTE'E (g'6T) 6¥72L'0€ (%) U ‘elwyihyue oeipied
(T'02) 8¥¢ (9°€€) 00V'T (g'6) TSO'T (0'T2) TO6'0T (6'1) 00T (Le)egl'e (0'8) 00T (¢'0T) ¥80'9T (%) u ‘enjie) yeay dAnsaguoy
(@s) ueaw
(T672) 9'G (LTe) €9 (G920 Tv (60°€) 9°G (eT2) ve (6v'2) 8T (0L2) 8¢ (Goe) g€ ‘xepul AIpIQIOWOoD JesneyXx!|3
(L8T) 1€C (8°2T) €vL (8'02) T1€'C (9'8T) G€9'6 (9°02) 850'T (T'T2) €T¥'Te (9:02) 009 (c'0z) T6L'TE (%) U (T) ®ons jo Loisiy Ajiwe
(6'6€) ¢6Y (gze) ege'T (c'6€) T9e'y (Tee) ¢LT'LT (L9€) T88'T (eze) erL'ce (g'ge) geL'9 (gze) LTS (%) u (T) Qvo Jo Aoisy Ajiwed
(%) u “(T) uoissiwpe
(L1 12 (8°€) 6GT (1) 82T &'T) TTL (€0) 9T (¢0) gce (6°0) 59T (L0) €60°T @3 03 Joud 4eak ul yoLd
(%) u (T) uoissiwpe
* ) L (€0) g€ (8°0) 111 * (T0) /8 (€0) ov (t°0) T9G @3 03 Joud Jesk ul Hayo
(T9) €9 (g'9) 02 (ze) ¢se (6'9) 8.6 (T7) 95 (€2) eve'e (L2) Ty (6'€) 06T°9 (%) u (T) avons
(g'6%) 0T9 (¢19) veT'C (6'92) 886'C (9°0€) 068'ST (g'g) e8¢ ('S) 89v's (c'ze) 188 (6'¥T) c6¥'ce (%) u ‘(T) avo
sal}ipIqiowod
pue sonsuajoeieyd |edullo
(z'sT) 88T (L'92) GTT'T (97) Z8T (02) 1¥0'T (¥°0) 8T (T°0) L6 (c2) 88¢ (¥'T) 652°C HW| [BUIOU SaW-E<
(€'02) 05T (g'c2) 9g6 (9'9) T29 (z'6) 09L'Y (g2) 2T (0'T) 066 (L9) 866 (z'v) 989'9 Hwi| [ewdou sewi €T
(G'79) 6. (8'09) 8TT'C (8'¢6) LTEOT (8'88) 0TT'9F (z'16) 986'% (6'86) 092'00T (T'z6) 860°9T (€'v6) 88Y'8YT |ewIoN
(%) u ‘uiuodosy jeniu|
aseas|p
(¢'v6) 29T'T (6'G6) L66'E (0°99) ove‘L (G'99) 8TS'vE (g'6) 187 (G'9) ¥85'9 ('19) 686'8 (L'82) 60T'GYy  ON0IS|ISOISUIE JO SI0J0B) %Sl €
(L9) oL (0'v) 89T (8'ce) Gv9'E (0°€e) GTT'LT (z'69) TSSG'E (0°09) 22209 (9'T¥) 992°2 (9°6%) 090'8L 10308} YSU Z-T
* * (z'T) geT (5'0) w12 (€'T2) €60'T (gee) 986'cE (02) 62T (8'12) ¥9T've S10)0B} YSli ON
(%) u Ysu LYVIH
(L06) STT'T (9°€8) G8Y'E (9:09) L€L'9 (9'61) 6EETY (L°9T) 9568 (z'0z) 81502 (8'61) TTL'S (GTY) Tve's9 G9<
(%€'6) GTT (T'97) €29 (€2€) 6YT'Y (T'6T) 806'6 (z'g9) L¥e'e (T'8y) 6vL'8% (gev) TT9'L (L'2€) ogg'6S 9 0} G usaMIBg
* (€oTr (Te) vee (€7) 029 (T'8T) 826 (L'7€) 080°cE (99) T9T'T (8°0z) T9L'CE Sy>
(%) u “(K) a8e LYVIH
(eg2‘T=N) (69T‘v=N) (0ZT‘TT=N) (LT6‘TS=N) (TET‘G=N) (LYE‘TOT=N) (¥8Y‘LT=N) (E€V‘LST=N) ansualoRIEy)
sAep € ulyym LIN shep ¢ sAep € ulyum LIN shep ¢ sAep € ulyum LIN shep ¢ sAep € ulyum LIN shep €
ulyuM LIN ON UIyNM LIN ON ulyUM LIN ON ulyuMm LIN ON
(0T-L 21098 LUV3IH) USIH (9 21098 LYVIH) d1elpaunaju) (€-0 21098 LYVIH) Mo Hoyo9 |ejoL

k103939 14VIH

"panunuo) T ajgeL

October 2025

Volume 86, No. 4

316 Annals of Emergency Medicine



Noninvasive Cardiac Stress Testing and Acute Myocardial Infarction

Kawatkar et al

(67T ¥
(zot) 9zT
(€'9¢) Lt
(T°LT) TTC
(L'¥Y) TGS
(9'82) €5¢€

(8'92) 0ge
(L9) €8
(LT) TC

(0'92) G80'T
(Ve Al »

(L Emﬁ
(G'v) 68T
(#°GT) 0v9
(8'%) TOT
(€°T€) YOE'T
(0vT)
(€€T)
(°9)
TTD)
€)

(9

€89
999
9) 89¢
414
€) ¢aT

9
g
T
14
€

(e
(6'6) TT¥
T'EY) €08'T
L'GT) 59
G'GY) G68°T

2)9
6)
)
)
)
L'€2) 066

(
(
(
(

(v'62) L2T'T
(G'0T) 9
(6°T) 8L

(L722) 180

('T) 65T

(50T) 89T'T
(g'02) 5.2
(6'¥T) 659'T
(TCe) TLG'e
(6'172) SoL'c

(Tee) si5'T
(@) €8
(6'0) GOT

(

€'62) G6T'ST
(8'1) 9v6
(zo) TTL'C
(8'Y) L'
(LTT) 1609
(9€) 198'T
(v'L2) 8TTYT
(9°0T) €05‘G
(z'oT) g8¢'S
(g'9) gog'e
(0°TT) §89‘G
(0) 990‘
(T°2) 990'T
(¢TT) 028'S
(r'ze) 9€8'9T
(¥'LT) 9TO'6
(g'6€) T8Y'0T
(L72) GL2TT
(6'62) TOS'ST
(00T) TOT'S
(02) 80T

(9'v2) 092'T
(8°0) TV
(r'v) gee
(8°€) v6T
(09) 60E
(6°0) Lt
(9°1) z6€
(02) S0t
(coett
(g€) 28T
(6°€) 66T
(8°0) T¥
(L0)8

(°0oT) TS
(99) L€€

(9°0T) Tvs

("'€T) 989

(€€T) ¥89

(6°9T) 298
(g2 9zt
(£°0) 8¢

(07) 2T0'T
(8'6) 9€6'6
(€'8) ¥8€'8

(z'0T) 6TE0T

(0°GT) T8T'ST

(2°0T) 080T

(2'02) 886'0C
(r'v) 8sv'y
(0'T) 966

(L'92) G297

(T71) 11T

(#°0T) 928'T
(g'2T) 6S0°E
(8'€T) ¢TH'C
(522) 6081
(LT2) 208'E

(9T2) TLL'E
(s'v) 282
(670) v9T

Aysejdoidue A1euolod Jeuiwnisuel} snosueindiad ‘v id ‘uawiiedap Aousgiows ‘g3 ‘yeid ssedAq Aiane A1euoiod ‘Hgy) ‘eseasip Alale Aleuoiod ‘gy) xapul ssew Apoq ‘Ng

( oce'ey
905°C
€6.'8
€TT'L
S0CTYT
6.7'€

)
T)
)
)
6)
2)
T) /12'8¢C
)
)
)
)
)

g
(
(
(
(
(
(6
910‘0T
€796

T9G°2

Lv6°0T
0€T'y

LT
9
9
g’
(0}
4

LT
(9
(T9
(8"
(0L
(Lz

1) viT'e

(e0T) L9T'OT
(z1T) €T0'le
(L'ZT) 686°6T
(6'€2) 895'.L€
(L'vT) geT'eT

(0ve) 91228
(r9) G60°0T
(eT) cTT'e

"OT > Sl 9zIS ||90 9SNedaq PaySEIA x
UIIS8} SAISEAUJUON ‘[N

(%)u ‘uoissaidaqg

(%)u ‘sasoydhsd

(%)u ‘esnge 8niq

(%)u ‘asnge |oyodly

(%)u ‘elwaue Aouaioyaqg

(%)u ‘ejwidue sso| poo|g

(9%)U ‘s19pIOSIp 91A|04109]9 pue pin|4
(%)u ‘sso| oM

(%)u ‘Ayredongeo)

(%)u ‘usge||00/snUyYLE plolewnayy
(%)u ‘siseyselsw INOYIM Jowny plioS
(%)u 420Ued dNEISEIvIN

(%)u ‘Buipsslq
Buipn|oxa aseasip 482N ondad

(%)u ‘@seasip JoAI

(%)u ‘ainjie) jeusy

(%)u ‘wsiplolAyodAH

(%)u ‘paresrdwod sayagelq

(%)u ‘payeoldwooun salaqelq
(%)u ‘oseasip

Areuow|nd o1uoIyn

(%)u ‘sJdpJosIp 2180]04NBU JBLYIO

(%)u ‘sishlesed

Annals of Emergency Medicine 317

October 2025

Volume 86, No. 4



Kawatkar et al

Noninvasive Cardiac Stress Testing and Acute Myocardial Infarction

"0T > SI 9ZIS ||90 8SNLdaq PaYSe x
*9Seas|p Je[NISEAOIPIED ‘GAD ‘UOROIRUI [BIPIRO0AW ‘Al

(L) 76 (6'9) 88¢ (r'v) 88y (L€) 906'T (22 11T (T'T) €L0'T (%) u ‘(T) 981eydsIp [eudsoy Jo p GOE-TE ulyum Aydesgolsue aniseau|
(6'T) vT (L1 eL (8°0) /8 (90 TT€E (z0) 1T (c'0) 09T (%) u “(T) @81eydsip |EHASOY JO P GIE-TE UIUNM VOLd
1) LT (0T) oF (9°0) 29 (t"0) 902 M (To) 76 (%) u “(T) @31eydsip [eudsoy 4o p GOE-TE UIUIM DY)
P G9E-TE UIYHM SaInpadoid
(T°€) 8¢ (6'T) 8L (LT) T6T (07T) €€5 (€T) 99 (€'0) 882 (%) u ‘(T) @81eydsip [eudsoy Jo p Og ulyum Aydeigoigue aniseau|
M (90) L2 ("0) ov (z0) L0T (€'0) GT (00 7 (%) u ‘e81eyosip [endsoy Jo p OE UIYNM YOLd
M (L°0) 82 (¢o) ec (T°0) 85 M (00 8T (%) u ‘e81eyosIp [eHdsoy Jo p OE UIYNM DEVD
P-0€ Ulym sainpadoid
$391nNpadoid
(z'16) GTT'T (6'G8) T85'E (9'82) L€L'8 (L'18) 66ECY (9'8%) 96¥%'C (9'v¥) v.T'SY (%) u ‘uonedipaw uoisualdAYRUY
(9'28) 8TO'T (0'72) €80°€ (6'TL) 266'L (9°02) 879'9€ (8'0%) T60°C (T'ze) e9G'ce (%) u ‘uonedipaw olwepidiiadAynuy
(g'ov) €15 (8'8%) Ge0'C (1°22) 8T0'E (8'G€) 6.5'ST (zot) €25 (8'TT) 996'TT (%) U ‘uonesIpaw dNOqWIoIYIIUY
(5'9€) 05 (r've) GEV'T (6'62) 6TE'E (T°z€) 999'0T (96T) €08 (6'ST) 680°9T (%) u ‘uonesipaw dnBgeIPRUY
>..ﬁ Ulyim asn uonedipsiN
ash uonedipsiNl
(9€) ¥ (0v) got 'T) 92T (97) 0€8 (t'0) 6T ("0) o€ (%) u ‘o81eydsIp [eNdSoY JO P GIE-TE UIYUM | SINdY
(€L°€) 9v (Tgot) 8ev 6m T) IST (6'S) €80° (T€0) 9T (ETT) 2VT'T (%) u ‘o81eyosip [endsoy Jo p GOE-TE UIYHM U1eap Jo dsned aAD
(9%) LS (9°€T) 89S (02 12T (g'8) zer'y (g'0) 92 (T2 evT'e (%) u ‘e31eyosip |eudsoy Jo p GOE-TE UIUNM YieaQ
(g2) 26 (€'9T) 789 (0€) oge (L'6) 950G (6°0) ¥ (r'2) 18P’ (%) u ‘e81eydsip [BHdSOY JO P GIE-TE UIYNM [N 8INde JO yiead
P S9E-TE UIYUM
(1) LT (r'2) 6 (90 v (50) L5¢ (20 TT (T0 e (%) u ‘@81eyosip |eNdsoy JO p O UIYHM ||\ 8INdY
¥ (€9T) 8 (60°0) O (€20) 8.€ M (GT°0) 96T (%) u ‘eBleyosip |endsoy Jo p OE UIYUM Yieap Jo 8sned aAD
¥ (02 v (Toe (1) T09 ¥ (€0) 6.2 (%) u ‘e81eydsIp [BHdSOY JO P OE UIYNM Uiead
(8771) (Ty) LT (2°0) ¥ (9'7) vv8 (zo)er (t°0) ggE (%) u ‘o81eyosip |eudsoy Jo p OE UIYNM ||\ 91Ok IO yreaq
P-0€ UlyUM
(09) T (€'9) ¥9C (L1) 06T (T°2) 180T (9°0) 0€ (g'0) zsy (%) u ‘eB1eyosip |endsoy Jo p GOE UIUHM | SINdY
(90%) 0 (¥T°CT) 90G Amq T) 19T (L9'9) TOV'E (€€0) LT (8C'T) 86C'T (%) u ‘e31eydsip |endsoy JO P GOE UIUHM U}eap JO dsned gAD
(0Q) ¢ (9°GT) 259 'T) €€C (2'6) €20'S (g'0) £ ('2) 8Tv'e (%) u ‘o81eyosip [endsoy Jo p GOE UIYUM yreaq
(z6) ETT (€'02) 8¥8 "€) 86€ (€'TT) 868'S (T'7) 95 ') 008‘C (%) u ‘981eyosip |endsoy JO p GOE UIYUM |A 8INdEe JO Y1eaq
agieyosip 1oye AT
S9W093n0 [edtul|d
(e€2'T=N) (69T‘v=N) (02T‘TT=N) (LT6'TS=N) (TET's=N) (ZVET'OT=N) S3INP3ad0id pue SUONIEJIPaIAl ‘SaW0IINQ [edIulD
1IN 1IN oN 1IN 1IN oN 1IN 1IN ON

(0T-L 21095 LHV3IH) USIH

(91 9109 LHVIH) djeipaunsiu]

(£-0 21098 LYVIH) Mo

fi0ge1e9 LYVIH

sl 1¥V3AH AQ seinpaoold pue asn UONEOIPaW ‘SBW00IN0 [BOIUID JO SONSHEIS aARdUosaq g alqel

October 2025

Volume 86, No. 4

318 Annals of Emergency Medicine



Kawatkar et al

Noninvasive Cardiac Stress Testing and Acute Myocardial Infarction

Difference in Risk Associated with Early NIT

High Risk (HEART Score 7-10)

Percent Risk
Reduction (95%

Cl)
Death or Acute Ml in 1 year —_— -9.00 (-11.30, -6.60)
Death in 1 year - -8.50 (-10.40, -6.50)
CVD Cause of Death in 1 Year —— -6.20 (-8.00, -4.40)
Acute Mlin 1 year —— -0.90 (-2.60, 0.80)
Death or Acute Ml in 30-Days —— -2.60 (-3.60, -1.50)
Death or Acute MI within 31 to 365 Days —a— -6.50 (-8.70, -4.30)
T T
-12 2
Favours NIT

Intermediate Risk (HEART Score 4-6)

Death or Acute Ml in 1 year
Death in 1 year

Percent Risk
Reduction (95%
Cl)

-4.90 (-5.70, -4.20)
-5.10 (-5.70, -4.40)

CVD Cause of Death in 1 Year —a— -3.20 (-3.80, -2.60)
Acute Ml in 1 year 0.20 (-0.30, 0.60)
Death or Acute Ml in 30-Days . -0.80 (-1.10, -0.50)
Death or Acute MI within 31 to 365 Days —— -4.10 (-4.80, -3.40)
T T
-6 1
Favours NIT

Low Risk (HEART Score 0-3)

Percent Risk
Reduction (95%

Cl)

Death or Acute Ml in 1 year —— -1.54 (-1.95, -1.12)
Death in 1 year —— -1.73 (-2.08, -1.38)
CVD Cause of Death in 1 Year —a— -0.81 (-1.10, -0.53)
Acute Ml in 1 year - 0.20 (-9.00, 0.49)
Death or Acute Ml in 30-Days HH -0.16 (-0.28, -0.03)
Death or Acute MI within 31 to 365 Days —a— -1.39 (-1.79, -0.99)

T T

-3 1

Favours NIT

Estimates are based on inverse of treatment probability models where receipt of early NIT was modeled as a logit
function of age, sex, race, Hispanic ethnicity, income quintiles, insurance type, BMI categories, smoking status,
cardiac co-morbidities (CAD, stroke, past history of CABG or PCI, family history of CAD, family history of stroke,
arrhythmia, CHF, complicated hypertension, uncomplicated hypertension, valvular disease, pulmonary circulation
disorders, and peripheral vascular disorders) and non-cardiac co-morbid condition based on the Elixhauser co-

morbidity index.

Figure 2. Risk difference forest plot. Difference in risk associated with early noninvasive testing and number needed to

treat.
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Table 3. Differences in cardiac procedures and prescription medication use.

Procedures and Medications

Low Risk
(HEART Score 0-3) (%)

Intermediate Risk
(HEART Score 4-6) (%)

High Risk
(HEART Score 7-10) (%)

Procedures

CABG at index ED visit

CABG in 30 d

CABG within 31-365

CABG discharge to 365 d

PTCA at index ED visit

PTCA in 30 d

PTCA within 31-365 d

PTCA discharge to 365 d
Revascularization at index ED visit
Revascularization in 30 d
Revascularization within 31-365 d
Revascularization discharge to 365 d
Invasive angiography at index ED visit
Invasive angiography in 30 d

Invasive angiography within 31-365 d
Invasive angiography discharge to 365 d

Medications

Antidiabetic medication use in 1-y
Antithrombotic medication use in 1-yr
Antihyperlipidemic medication use in 1y

Antihypertensive medication use in 1y

0.05 (—0.02 t0 0.12)
0.15 (0.03-0.27)*
0.07 (—0.06 to 0.20)
0.22 (0.05-0.40)*
0.18 (0.04-0.31)*
0.18 (0.06-0.30)*
0.04 (—0.09 to 0.16)
0.22 (0.04-0.40)*
0.23 (0.07 to 0.38)*
0.33 (0.16-0.51)*
0.12 (—0.07 to 0.30)
0.45 (0.20-0.70)*
0.85 (0.55-1.15)*
0.76 (0.48-1.04)*
1.25 (0.76-1.73)*
2.01 (1.45-2.56)*

1.22 (0.06-2.38)*
~0.95 (—1.95 to 0.05)
7.75 (6.39-9.11)*
3.39 (2.15-4.63)*

0.24 (0.07 to 0.41)*
0.03 (~0.04 to 0.10)
0.31 (0.07-0.55)*
0.34% (0.09-0.59)*
0.30 (0.13-0.48)*
0.10 (—0.02 to 0.23)
0.42 (0.12-0.71)*
0.52 (0.20-0.84)*
0.54 (0.30-0.78)*
0.13 (~0.02 to 0.27)
0.64 (0.29-0.99)*
0.77 (0.40-1.14)*
1.30 (0.90-1.69)*
0.48 (0.21-0.75)*
1.21 (0.66-1.76)*
1.69 (1.09-2.29)*

0.16 (—0.89 to 1.22)

-2.05 (—3.13 to —0.97)*
4.37 (3.385.37)*
1.15 (0.41-1.88)*

~1.02 (—1.86 to —0.17)*
—0.47 (—0.86 to —0.08)*
0.33 (~0.42 to 1.09)
—0.14% (—0.98 t0 0.71)
—0.33 (—1.49 t0 0.83)
~0.31 (—0.71 to 0.10)
0.27 (—0.69 to 1.23)
—0.03 (—1.07 to 1.00)
—1.33 (-2.73 t0 0.06)
—0.77 (—1.33 to —0.21)
0.73 (—0.48 to 1.93)
-0.02 (—1.33 to 1.30)
~2.96 (—5.08 to —0.85)*

1.22 (0.07-2.38)*
1.24 (—0.73 to 3.22)
2.47 (0.24-4.70)*

3.38 (0.17-6.60)*
1.37 (—1.97 to 4.7)
7.86 (5.16-10.56)*
5.50 (3.61-7.38)*

PCI, Percutaneous coronary intervention.

Estimates are based on inverse of treatment probability models where receipt of early noninvasive testing was modeled as a logit function of age, sex, race, Hispanic ethnicity,
income quintiles, insurance type, BMI categories, smoking status, cardiac comorbidities (CAD, stroke, past history of CABG or PCI, family history of CAD, family history of stroke,
arrythmia, congestive heart failure, complicated hypertension, uncomplicated hypertension, valvular disease, pulmonary circulation disorders, and peripheral vascular disorders)

and noncardiac comorbid condition based on the Elixhauser comorbidity index.
*Data indicate statistically significant differences.

Figure 1). The unadjusted proportion of composite
outcome of death or acute MI increased by HEART risk,
increased as the duration of follow-up increased, and was
consistently higher in the no-early noninvasive testing
group compared with those who received early noninvasive

testing (Table 2).

Main Results

For the primary outcome of all-cause death or acute MI
within 1-year of ED discharge, early noninvasive testing
was associated with reduced mortality which varied
according to risk category; —1.54% (95% confidence
interval [CI] —1.95 to —1.12) NNT = 65 (95% CI 51 to
89); —4.93% (95% CI —5.66 to —4.20) NNT=20 (95%
CI 18 to 24); and —8-98% (95% CI —11.32 to —6.64)
NNT=11 (95% CI 9 to 15) risk reduction in the low-risk,
intermediate risk, and high-risk subcohorts, respectively
(Figure 2). These differences were primarily due to risk

reduction in all-cause mortality of —1.73% (95%
CI —2.08 to —1.38); —5.07% (95% CI —5.73 to —4.41);
and —8.47% (95% CI —10.43 to —6.51); in the low-risk,
intermediate risk, and high-risk subcohorts, respectively.
The risk difference in cardiovascular cause of death
was —0.81% (95% CI —1.09 to —0.53), —3.20% (95%
CI —3.81 to —2.59), and —6.17% (95% CI —7.98
to —4.35) in the low-risk, intermediate risk, and high-risk
subcohorts, respectively. The risk difference in acute MI
alone was not statistically significant in any subcohort. In
the secondary composite outcome of death or acute MI
within 30-days early noninvasive testing was associated risk
reduction ranging from —0.16% (95% CI —0.28
to —0.03), NNT = 625 (95% CI 357 to 3,333) in the
low-risk cohort to —2.55% (95% CI —3.57 to —1.52),
NNT=39 (95% CI 28 to 66), in the high-risk subcohort.
Over a longer follow-up from 31 to 365 days, the risk
reduction increased in magnitude and ranged
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from —1.39% (95% CI —1.79 to —0.99), NNT = 72
(95% CI 56 to 101) in the low-risk subcohort to —6.53%
(95% CI —8.71 to —4.34), NNT= 15 (95% CI 11 to 23)
in the high-risk subcohort.

The relative risk estimates obtained from adjusted
Poisson regression models were similar with incidence rate
ratio of 0.53 (95% CI 0.41 to 0.69); 0.50 (95% CI 0.45 to
0.56); and 0-55 (95% CI 0.46 to 0.67) in the low-risk,
intermediate risk, and high-risk subcohorts respectively.

Mechanism of Benefit. We explored the potential
mechanisms for the decrease in mortality among patients
undergoing noninvasive testing. We found a consistent
increase in invasive coronary angiography in all risk
categories (absolute increase in 30 days after the ED
discharge 0-48% to 1:22% and in 365 days after the ED
discharge 1.69% to 2.47%) (Table 3). A small absolute
increase in revascularizations (PCI or CABG) was present
only 365 days after the ED discharge among patients of low
risk (0.45%) and intermediate risk (0.77%). We observed
that there was a moderate increase in the use of
antihyperlipidemic (4.37% to 7.86%) and antihypertensive
(1.15% to 5.50%) medications in all risk categories. The
increase of the antidiabetic medications was noted in
patients of low risk (1.22%) and high risk (3.38%). Lastly,
we found that the use of antithrombotic medications
decreased among patients of low risk (0.95%) and
intermediate risk (—2.05%).

Sensitivity Analyses. Based on the ratio of variance of
weighted standardized difference, we found that the 2 arms
were well balanced on observed covariates in the inverse
probability of treatment weight model (Appendix E1
[e.Table 1-e.Table 3], available at http://www.annemergmed.
com). The exposure probability density graphs did not
demonstrate violation of the overlap assumption underlying
the inverse probability of treatment weight model.

Sensitivity analyses of primary outcome using
multivariable logistic or probit models, doubly robust
augmented inverse probability-weighted regression
adjustment, and generalized method of moments
instrumental variables models all indicate that early
noninvasive testing was associated with statistically
significant benefit in each subcohort of HEART category
(Appendix E1 [e. Table 4-e.Table 6]).

LIMITATIONS

Because of the observational nature of the study, we
cannot rule out residual confounding and that clinicians
have expert clinical judgment and ordered early noninvasive
testing for a healthier cohort of patients, especially as the
benefit on mortality was several points higher than changes

in medication use or revascularization patterns. These
findings highlight the need for large randomized controlled
trials of early noninvasive testing versus no testing.

Our patient population was geographically limited to
Southern California and belonged to an integrated and
capitated health care system. Health plan members had ready
access to outpatient care. Differences in access to primary care,
specialists, noninvasive testing, and prescription medications
may limit generalizability to other health care systems. We
included all-cause rather than cardiac mortality in our primary
outcome, as our study team found it difficult to accurately
assign cause of death for out-of-hospital deaths. It is possible
some deaths were unrelated to the index ED visit. Our study
was conducted prior to adoption of high sensitivity troponin
assays, which may identify more patients with MI at the index
visit.”! Lastly, due to the observational and retrospective
nature of the study, confounding by indication cannot be
ruled out completely. Although the analysis was stratified by
HEART score, within strata differences explaining receipt of
noninvasive testing may remain.

DISCUSSION

In this large cohort of ED patients suspected of ACS
with HEART risk score data, we report that early
noninvasive testing was associated with decreased one-year
death or acute MI in low-, intermediate-, and high-risk
groups. Our analysis shows that noninvasive testing
provides a similar relative risk reduction across the HEART
risk groups, but when this is applied to the varying baseline
risk, it produces a greater absolute risk reduction for
patients with a higher baseline HEART risk (NNT:
low=065; intermediate=20, high=11). This suggests that
noninvasive testing is associated with benefit across risk
groups, but the benefit itself may be proportional to the
baseline risk. Determination of whether the benefits of
noninvasive testing outweigh the harms and justify the
costs will depend on the baseline risk. To our knowledge,
this is the first study to assess the effectiveness of early
noninvasive testing by pretest risk at a population level.

There are several possible explanations for the apparent
benefit of early noninvasive testing on mortality. Prior
studies have suggested that closer outpatient follow-up, as
occurs with patients who receive early noninvasive testing, is
associated with better outcomes.”” " In the early
noninvasive testing arm, there was increased use of guideline-
directed therapies, including anddiabetic,
antihyperlipidemic, and antihypertensive medication. These
results are consistent with the results of a meta-analysis,
which showed an increase in the use of preventive measures
(anthyperlipidemic and antihypertensive medications,
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exercise, and dietary changes) in patients with abnormal
noninvasive testing, such as after testing for the presence of
coronary atherosclerosis with noncontrast CT.”” Use of
noninvasive testing and detecting abnormalities on the test
may have offered additional opportunities for prescribing
antiplatelet therapy and lipid-lowering therapy. The results
of the Scottish Computed Tomography of the HEART
(SCOT-HEART) trial demonstrated 4-fold increase in
guideline-directed preventive therapies (antihyperlipidemic
and antithrombotic) medications in stable chest pain patents
who received coronary computed tomography
angiography.”* In the trial, the decrease in death and
myocardial infarction was observed more than 50 days after
the test and was associated with changes in medical therapies
rather than in invasive coronary angiography or
revascularization. Our results also suggest larger absolute
changes in preventive medication use than in interventional/
revascularization procedures. Therefore, we postulate a
hypothesis that increased follow-up and preventive treatment
play a role in improved outcomes after noninvasive testing.

Our findings have important clinical management
implications. All patients, regardless of risk, should follow up
with an outpatient provider to optimize medical
management of cardiovascular risk factors. The results of
noninvasive testing need to be effectively communicated to
outpatient settings so appropriate preventive measures are
implemented in patients with abnormal noninvasive testing.
For low-risk patients, early noninvasive testing was associated
with a small reduction in 30-day death/MI (—0.16%
absolute risk, NNT=625) and incremental increase in
revascularization (0.33%). Routine early noninvasive testing
in this subgroup is unlikely to be cost effective if we only
consider it from a short-term ED decisionmaking
perspective. However, over a longer follow-up, noninvasive
testing may lead to treatment intensification and improve
medication adherence in patients with abnormal test results,
which could be considered in the outpatient setting. Hence,
we believe further guidelines are necessary to help clinicians
integrate noninvasive testing results into their preventive
strategies in outpatient settings.

This study has several methodologic strengths. We
analyze a large, multicenter cohort of suspected ACS
patients presenting to an ED. The cohort belongs to one of
the largest integrated health care systems in the United
States, with significant racial-ethnic and sociodemographic
diversity. We address the data limitations of prior reports
by combining extensive clinical information from the
electronic medical records, HEART score data collected at
the time of the ED evaluation, and comprehensive
outcomes data, including hospitalizations at out-of-system
hospitals and death registries. Finally, our results are robust

to multiple analytic approaches, including an instrumental
variable analysis to mitigate unobserved confounding.

In conclusion, we found that early noninvasive testing
was associated with significant risk reduction of 1-year all-
cause death and 1-year cardiovascular cause of death in
low, intermediate, and high-risk patients as stratified by
HEART score. The relative risk ratio was similar across
the 3 HEART score groups, indicating that clinical
benefit depends on the baseline risk. Our exploratory
analysis of the mechanism of benefit was consistent with
prior studies that have suggested that closer outpatient
follow-up and medical management, as occurs with
patients who receive early noninvasive testing, could be
driving better outcomes.
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