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Abstract
Objectives The objective of our work is to evaluate the prognostic benefit of an early invasive strategy in patients with 
high-risk NSTACS according to the recommendations of the 2020 clinical practice guidelines during long-term follow-up.
Methods This retrospective observational study included 6454 consecutive NSTEACS patients. We analyze the effects 
of early coronary angiography (< 24 h) in patients with: (a) GRACE risk score > 140 and (b) patients with “established 
NSTEMI” (non ST-segment elevation myocardial infarction defined by an increase in troponins) or dynamic ST-T-segment 
changes with a GRACE risk score < 140.
Results From 2003 to 2017, 6454 patients with “new high-risk NSTEACS” were admitted, and 6031 (93.45%) of these 
underwent coronary angiography. After inverse probability of treatment weighting, the long-term cumulative probability of 
being free of all-cause mortality, cardiovascular mortality and MACE differed significantly due to an early coronary interven-
tion in patients with NSTEACS and GRACE > 140 [HR 0.62 (IC 95% 0.57–0.67), HR 0.62 (IC 95% 0.56–0.68), HR 0.57 (IC 
95% 0.53–0.61), respectively]. In patients with NSTEACS and GRACE < 140 with established NSTEMI or ST/T-segment 
changes, the benefit of the early invasive strategy is only observed in the reduction of MACE [HR 0.62 (IC 95% 0.56–0.68)], 
but not for total mortality [HR 0.96 (IC 95% 0.78–1.2)] and cardiovascular mortality [HR 0.96 (IC 95% 0.75–1.24)].
Conclusions An early invasive management is associated with reduced all-cause mortality, cardiovascular mortality and 
MACE in NSTEACS with high GRACE risk score. However, this benefit is less evident in the subgroup of patients with a 
GRACE score < 140 with established NSTEMI or ST/T-segment changes.
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Introduction

Non–ST-segment elevation acute coronary syndrome 
(NSTEACS) is currently the most frequent manifestation 
of acute coronary syndromes (ACS) [1, 2]. Improvements 
in the pharmacological and invasive management of ACS 
over the last decades have demonstrated a reduction of in-
hospital mortality and long-term cardiovascular events. 
In fact, coronary angiography plays a central role in this 
group of patients, allowing confirmation of diagnosis, risk 
stratification, and the choice of revascularization strategy 
and antithrombotic therapy [3, 4]. Routine coronary angi-
ography management is well-established in NSTEACS 
patients, however, optimal timing of invasive strategy is 
less clearly defined. Recently, the new European Society of 
Cardiology guidelines of NSTEACS [3] recommended an 
early coronary angiography (within the first 24 h after hos-
pital admission) in high-risk patients. This “new high risk” 
group includes patients with a GRACE risk score > 140 
and patients with “established NSTEMI” (non ST-segment 
elevation myocardial infarction defined by an increase 
in troponins) or dynamic ST-T-segment changes with a 
GRACE risk score < 140.

The Timing of Intervention in Acute Coronary Syn-
dromes (TIMACS) study [5] that included NSTEACS 
patients, showed that an early intervention was only asso-
ciated with a better prognosis in patients with a GRACE 
risk score > 140. More recently, VERDICT trial [6] dem-
onstrated that early invasive therapy improves long-term 
outcomes in high-risk patients. The EARLY Randomized 
Trial [7] showed that a very early invasive strategy was 
associated with a significant reduction in ischemic events 
in intermediate- and high-risk NSTEACS patients. These 
results were also observed in a contemporary registry and 
several small randomized clinical trials; although, other 
clinical trials have not demonstrated improvements in 
clinical outcomes with early invasive strategy in high-
risk patients [8–20]. Besides, there is currently no evi-
dence of benefit of early invasive strategy in the group 
of “established NSTEMI” and patients with dynamic new 
or presumably new contiguous ST—T-segment dynamic 
changes both with a GRACE score < 140 as indicated by 
the new recommendations of the ESC guidelines [3]. In 
fact, as mentioned in the guidelines text, among unselected 
NSTEACS patients, an early invasive strategy is not supe-
rior over a delayed invasive strategy with regard to com-
posite clinical endpoints.

Therefore, the aim of our study is to assess the prog-
nostic impact of an early invasive strategy (< 24 h) in 
all-cause mortality, cardiovascular mortality and major 
adverse cardiac events (MACE) in the two subgroups of 
patients included in “new high-risk” NSTEACS group: (a) 

patients with a GRACE risk score > 140 and (b) patients 
with a GRACE risk score < 140 and established NSTEMI 
or dynamic ST—T-segment changes. We have used a 
large contemporary real-world cohort of patients with 
NSTEACS from two Spanish tertiary hospitals.

Methods

The study has included all consecutive patients admitted 
from NSTEACS in 2 Spanish hospitals between 2003 and 
2017, resulting in a sample cohort of 6454 patients. Both 
centers have on-site percutaneous coronary intervention 
capabilities without need for transfer. This retrospective 
analysis was performed using a prospective registry.

For this study, according to new ESC NSTEACS guide-
lines [3], high-risk NSTEACS patients were categorized 
into 2 groups: the first one with a GRACE risk score > 140; 
and another one with a GRACE score < 140 and established 
NSTEMI (with elevated cardiac biomarkers of necrosis) or 
dynamic new or presumably new contiguous ST—T-seg-
ment changes (symptomatic or silent). Early invasive coro-
nary intervention was defined as one accomplished within 
the first 24 h of admission, and late invasive intervention was 
defined as one established after 24 h of admission. We have 
been excluded patients with very high risk according with 
the recent ESC Guidelines, and patients who died before 
coronary angiography.

Medical history, risk factors, biochemical and electro-
cardiographic findings, medication, complementary proce-
dure tests and main diagnosis at discharge were collected 
by a trained medical staff. In both centers, the diagnostic 
and therapeutic NSTEACS protocols included blood sample 
determinations at arrival and the first fasting state after hos-
pital admission. The antecedent of previous coronary heart 
disease was established with a previous clinical diagnosis of 
myocardial infarction, stable or unstable angina, or angina-
driven coronary revascularization. Glomerular filtration rate 
was estimated using the Chronic Kidney Disease Epidemiol-
ogy Collaboration (CKD-EPI) creatinine equation. During 
the admission and after revascularization of the culprit ves-
sel, patients with multi vessel disease underwent complete 
revascularization guided by an ischemia test, angina or left 
ventricular dysfunction.

The post-discharge follow-up of patients has a well-
established protocol in each center and included phone calls 
and a review of electronic medical reports and institutional 
databases. The vital status was assured by phone calls in the 
absence of medical reports. All health-related processes in 
these health areas are based on electronic resources in both 
centers. Major cardiovascular adverse events (MACE) dur-
ing follow-up is defined as a combination of all-cause mor-
tality, cardiovascular mortality, myocardial infarction, heart 
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failure hospitalization and unplanned repeat revasculariza-
tion. Patient death is always typed into patients’ electronic 
database by the general practitioner responsible for out-of-
hospital care or an in-hospital area, but the status is changed 
to deceased only by the department of codification of each 
health area; meaning that the vital status is certified by two 
separate processes. Trained medical staff make the collection 
and adjudication of clinical events in both databases. The 
study protocol and informed consent was approved by the 
ethics committee of the hospital coordination.

We compared baseline characteristics, at admission, man-
agement during hospitalization and at discharge, and clinical 
outcomes among these groups. Categorial variables were 
expressed as percentages of available data and continuous 
variables were expressed as the mean ± standard deviation. 
Continuous variables were compared using a student’s t-test, 
and discrete variables were compared using chi-squared or 
Fisher’s exact test, as necessary.

To evaluate the impact of early coronary angiography 
on mortality and MACE events in NSTEACS patients in 
this observational study, we introduced a propensity score 
method where the scores were created by fitting a logistic 
regression model to the original population of patients who 
underwent early invasive coronary angiography and those 
who did not undergo it [21]. The independent variables that 
appeared to be associated with the choice of the early inter-
vention and prognosis of patients (included the components 
of the GRACE risk score) were clinically and statistically 
considered.

Before creating propensity score, missing values were 
imputed using multiple chained equations. We adjusted the 
cohorts with the inverse probability weighting of treatment 
approach; each individual was weighted by the inverse prob-
ability of receiving early coronary angiography, equal to 1/
propensity score for the treated individuals and 1/(1 − pro-
pensity score) for the control individuals. With the methods, 
all samples could be utilized, which is considered to be ben-
eficial for this observational study [22].

Kaplan–Meier curves with inverse probability weighting 
of treatment adjustment were created to compare overall 
and cardiovascular mortality, and MACE events, between 
patients who underwent early coronary angiography and 
those did not [22]. The log-rank test was used to confirm 
differences in the survival trend between the two groups. 
Propensity score-adjusted estimation of hazard ratio for 
high-risk (GRACE score > 140) and new high-risk patients 
(patients with a GRACE score < 140 and established 
NSTEMI or dynamic ST-T-segment changes), with strati-
fication of each variable. Significance was determined as 
two-sided with a P value < 0.05. All statistical analyses were 
carried out in R version 4.0.3 using the mice, survival, forest 
plot, ggplot2 and survminer packages. These packages are 
freely available at https ://cran.r-proje ct.org.

Results

From November 2003 to November 2017, 6454 patients 
with “high-risk NSTEACS” were admitted, and 6031 
(93.45%) of these underwent coronary angiography, with 
available mean follow-up of 52.2 months, IQR (interquar-
tile range) 21.0–78.0 months for mortality outcomes. Of 
those invasively treated, 4819 (75.40%) patients had early 
invasive coronary angiography.

The baseline characteristics of the patients strati-
fied according the risk (GRACE risk score > 140 and 
GRACE < 140 with established NSTEMI or dynamic 
ST-T-segment changes) are described in Table 1. Briefly, 
the mean age was 66.7 ± 13.1 years; only, 26.9% of the 
patients were females. Patients with a GRACE score > 140 
were elderly (73.8 ± 9.8 years) compared to patients with a 
GRACE < 140 and established NSTEMI or dynamic ST-T-
segment changes (57.8 ± 11.1 years), and were more com-
mon female (31.7% vs 20.9%, respectively). Smoker was 
less frequently in GRACE > 140 group (18.2% vs 42.3%), 
and glomerular filtration rate and hemoglobin levels were 
lower too (77.6 ± 28.5 vs 95.7 ± 28.7 ml/min/1.73   m2; 
13.4 ± 1.9 vs 14.5 ± 1.6 mg/dL, respectively). Hyperten-
sion, diabetes mellitus, previous coronary artery disease, 
previous heart failure, previous stroke, chronic obstructive 
pulmonary disease and kidney disease were more preva-
lent in patients with a GRACE risk score > 140.

Cardiogenic shock during hospitalization was more 
common in patients with a GRACE risk score > 140 (4.0% 
vs 0.1%). Coronary angiography was performed more fre-
quently in patients with a GRACE < 140 and established 
NSTEMI or dynamic ST-T-segment changes (96.8% vs 
90.7%), with higher use of the early invasive strategy 
(82.0% vs 68.8%) and revascularization rates (79.0% vs 
75.0%). The length of hospital stay was higher in patients 
with a GRACE > 140 (9.2 vs 6.1 days, respectively) and 
hospital mortality was higher too (7.5% vs 5.5%).

The overall mortality rate in this population of 
NSTEACS was 23.6%, the cardiovascular mortality rate 
was 16.3% and 44.9% of patients experienced at least one 
MACE in the long-term follow-up. After inverse prob-
ability of treatment weighting, the long-term cumulative 
probability of being free of all-cause mortality, cardiovas-
cular mortality and MACE differed significantly according 
to early coronary intervention in patients with NSTEACS 
and GRACE > 140 [HR 0.62 (IC 95% 0.57–0.67), HR 
0.62 (IC 95% 0.56–0.68), HR 0.57 (IC 95% 0.53–0.61), 
respectively] (Fig. 1). In patients with NSTEACS and 
GRACE < 140 with established NSTEMI or ST/T-segment 
changes, the benefit of the early invasive strategy is only 
observed in the reduction of MACE [HR 0.62 (IC 95% 
0.56–0.68)], but not for total mortality [HR 0.96 (IC 95% 

https://cran.r-project.org
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Table 1  Baseline characteristics 
of the patients stratified 
according the risk

GRACE ≥ 140
3569 (55.3%)

GRACE < 140 and/or dynamic ST-T-segment 
changes and/or elevated cardiac troponin
2885 (44.7%)

p-value

Baseline characteristics
 Age 73.81 (9.84) 57.80 (11.10) < 0.001
 Female sex, n (%) 1131 (31.7) 602 (20.9) < 0.001
 Diabetes 1138 (31.9) 616 (21.4) < 0.001
 Hypertension 2254 (63.2) 1381 (47.9) < 0.001
 Dyslipidemia 1644 (46.1) 1377 (47.7) 0.182
 Current smokers 648 (18.2) 1220 (42.3) < 0.001
 CAD familiar 144 (4.0) 381 (13.2) < 0.001
 Previous CAD 793 (22.2) 458 (15.9) < 0.001
 Previous HF 212 (5.9) 43 (1.5) < 0.001
 Peripheral artery disease 375 (10.5) 149 (5.2) < 0.001
 AF 405 (11.3) 118 (4.1) < 0.001
 Previous stroke 320 (9.0) 99 (3.4) < 0.001
 COPD 471 (13.2) 150 (5.2) < 0.001
 CKD 270 (7.6) 57 (2.0) < 0.001

At admission
 Killip
  I 2428 (68.5) 2754 (97.6) < 0.001
  II 730 (20.5) 61 (2.1)
  III 247 (6.9) 6 (0.2)
  IV 142 (4.0) 2 (0.1)

 Hemoglobin 13.42 (1.96) 14.47 (1.57) < 0.001
 Troponine 75.45 (42.00) 60.91 (26.16) < 0.001
 GFR (ml/min/1.73m2) 77.63 (28.52) 95.68 (28.70) 0.234
 Creatinine 1.18 (1.49) 0,94 (0,32) < 0.001
 GRACE score 171 (26) 115 (17) < 0.001
 PRECISE DAPT 20 (4) 11 (4) < 0.001
 CRUSADE score 27 (19) 14 (12) < 0.001
 CCI ≥ 4 1618 (45.3) 1733 (60.1) < 0.001
 LVEF 52 (12) 58 (9) < 0.001
 Coronariography 3237 (90.7) 2794 (96.8) < 0.001
 Coronariography < 24 h 2454 (68.8) 2365 (82.0) < 0.001
 LM 210 (5.9) 84 (2.9) < 0.001
 ADA 1572 (38.4) 1163 (40.3) 0.126
 CX 1359 (38.1) 1097 (38.0) 0.965
 RCA 1594 (44.7) 1216 (42.1) 0.043
 TIMI 0–1 430 (12.0) 298 (10.3) 0.030
 Revascularization 2677 (75.0) 2301 (79.8) < 0.001
 CABG 117 (3.3) 102 (3.5) 0,570
 Hospital stay 15.41 (9.18) 7.55 (6.09) < 0.001

Treatment at discharge
 Aspirin 3185 (89.2) 2699 (93.6) < 0.001
 Clopidogrel 2347 (65.8) 1829 (63.4) 0.048
 Ticagrelor 212 (5.9) 260 (9.0) < 0.001
 Prasugrel 131 (3.7) 124 (4.3) 0.198
 OAC 351 (9.8) 117 (4.1) < 0.001
 BB 2423 (67.9) 2264 (78.5) < 0.001
 ACEi/ARB 2415 (67.7) 1927 (66.8) 0.458
 Statins 2993 (83.9) 2582 (89.5) < 0.001
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0.78–1.2)] and cardiovascular mortality [HR 0.96 (IC 95% 
0.75–1.24)] (Fig. 2). The Fig. 3 showed the effect of early 
intervention among NSTEACS groups.

ACEi/ARB Angiotensin-converting enzyme inhibitors/angiotensin receptor blockers, ADA anterior descend-
ing artery, AF atrial fibrillation, BB beta-blockers, CABG Coronary artery bypass graft, CAD Coronary 
artery disease, CCI Charlson Comorbidity Index, CKD Chronic kidney disease, COPD Chronic obstructive 
pulmonary disease, CX Circumflex artery, GFR Glomerular filtration rate, HF heart failure, LM left main 
artery, LVEF left ventricular ejection fraction, MACE major adverse cardiac events, MRA Mineralocorti-
coid receptor antagonists, RCA  right coronary artery, OAC oral anticoagulants

Table 1  (continued) GRACE ≥ 140
3569 (55.3%)

GRACE < 140 and/or dynamic ST-T-segment 
changes and/or elevated cardiac troponin
2885 (44.7%)

p-value

 Insulin/Oral anti diabetic 795 (22.3) 420 (14.6) < 0.001
 Diuretics 984 (27.6) 234 (8.1) < 0.001
 MRA 249 (7.0) 67 (2.3) < 0.001

Cardiovascular events
 In hospital mortality 264 (7.4) 158 (5.5) < 0.001
 All-cause mortality 1254 (35.1) 268 (9.3) < 0.001
 Cardiovascular mortality 890 (24.9) 161 (5.6) < 0.001
 HF hospitalization 715 (20.0) 192 (6.7) < 0.001
 MACE 1912 (53.6) 984 (34.1) < 0.001

Fig. 1  Cumulative risk of all-cause mortality (a), cardiovascular mortality (b) and MACE (c) according with the invasive strategy in NSTEACS 
with GRACE > 140
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Discussion

In this contemporary real-world registry from two tertiary 
Spanish centers, early invasive management (first 24 h 
after hospital admission) in NSTEACS patients with a 

GRACE risk score > 140 was associated with lower long-
term all-cause mortality, cardiovascular mortality and 
MACE. However, the early coronary angiography was 
only associated with less risk of MACE in patients with a 
GRACE score < 140 and established NSTEMI or dynamic 
ST/T-segment changes; it did not differ in preventing the 

Fig. 2  Cumulative risk of all-cause mortality (a), cardiovascular mortality (b) and MACE (c) according with the invasive strategy in patients 
with “established NSTEMI” or dynamic ST-T-segment changes with a GRACE risk score < 140

Fig. 3  Effect of early inter-
vention in NSTEACS with a 
GRACE risk score > 140 and 
NASTEACS with a GRACE 
risk score < 140 with “estab-
lished NSTEMI” or dynamic 
ST-T-segment changes (“new 
high risk”)
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all-cause mortality and cardiovascular mortality during 
long-term follow-up. To the best of our knowledge, this 
study assesses for the first time the prognostic implica-
tions of the high-risk group defined by ST/T changes 
and positive biomarkers [3]. According to our results 
the strongest benefit from an early invasive strategy 
was found in patients with a GRACE risk score > 140; 
the benefit observed in the group of patients with estab-
lished NSTEMI and patients with dynamic ST/T-segment 
changes and a GRACE risk score < 140 was less evident. 
Our results may have several implications for the clinical 
NSTEACS management and in health system organization. 
First, they add information from a large, contemporary 
cohort of patients, and reinforce the recommendations 
of the ESC [3] and ACC/AHA guidelines [4] for early 
intervention in GRACE > 140. Second, our results suggest 
the importance of developing assistance networks for the 
adequately management of the NSTEACS, particularly in 
hospitals without on-site 24-h catheterization, that allow 
coronary angiography to be performed on weekends and 
during holiday season. Third, our results show the great-
est long-term benefit of the early strategy in patients with 
high GRACE risk score. Furthermore, the prognostic ben-
efit was observed early and are maintained throughout the 
long-term follow-up.

Previous studies have analyzed the optimal timing of 
invasive intervention in patients with NSTEACS, with con-
flicting results. Several studies have demonstrated that the 
benefit of an early invasive strategy in these patients occurs 
early and appears to be sustained over the long term, espe-
cially in high-risk patients. However, important differences 
are observed in the timing of early strategy, from immedi-
ate up to 24 h, and revascularization rates. It appears that 
patients with a GRACE risk score greater than 140 are well 
identified as high risk. However, it is not so clearly estab-
lished that other patients with NSTACS should be consid-
ered high risk and, therefore, benefit from an early invasive 
strategy. Recently, the latest guidelines from the European 
Society of Cardiology [3] have included a high-risk group, 
the established NSTEMI diagnosis or with dynamic new or 
presumably new contagious ST/T-segment changes. How-
ever, its inclusion is still not fully elucidated.

TIMACS trial [5], included 2147 NSTEACS patients, 
demonstrated that an early invasive strategy (≤ 24 h) was 
better than a delayed strategy (> 36 h) in reduction of car-
diovascular events (death, myocardial infarction and stroke) 
in patients with GRACE > 140 during a 6-month follow-up. 
However, this trial did not show differences between this 
two approaches in patients with low and intermediate risk. 
In the ACUITY study [8], delaying revascularization (> 24 h 
after hospital admission) in patients with NSTEACS was 
an independent predictor of early and late mortality and 
myocardial infarction. This prospective trial that included 

7749 NSTEACS patients demonstrated that a delayed inva-
sive management was associated with a worse prognosis in 
high-risk patients (TIMI 5–7). Similarly, Alvarez et al. [9] 
showed that early invasive intervention might be associated 
with reduced all-cause mortality and cardiovascular mortal-
ity in high-risk NSTEACS patients (GRACE > 140). On the 
other hand, Atherosclerotic Risk in Communities surveil-
lance (ARIC) study [10] is a real-world analysis between 
1987 and 2012, which showed that early percutaneous 
intervention was associated with a better 28-day survival 
both in the overall cohort and in high-risk patients; how-
ever, these differences were no longer statistically significant 
by 1-year of follow-up. Data from GRACE [11] and CRU-
SADE [12] registries did not show either an improvement 
in prognosis with the invasive strategy. Five-year follow-
up from OPTIMA trial [13] did not observed influence of 
the timing of coronary intervention on patient outcomes in 
an intermediate to high-risk NSTEACS. There was also no 
benefit of an immediate invasive strategy (70 min) versus 
a delayed one (21 h) in a French multicenter randomized 
study [14]. More recently, VERDICT trial [6] shown that 
a very early invasive coronary intervention (< 12 h) appear 
to be similar compared with a delayed strategy (48–72 h) 
in long-term outcome. However, in patients with the high-
est risk (GRACE risk score > 140), a very early invasive 
therapy improves long-term outcome. The EARLY Ran-
domized Trial [7] included 741 patients presenting with 
intermediate- or high- risk NSTEACS, that were rand-
omized to the delayed invasive group (coronary angiogra-
phy performed 12–72 h after randomization) or there very 
early invasive strategy (coronary angiography performed 
2 h after randomization). It showed that a very early inva-
sive strategy was associated with a significant reduction in 
ischemic events during 1 month of follow-up. These results 
are similar with our findings in patients with NSTEACS and 
GRACE > 140. We showed a significantly reduction of all-
cause mortality, cardiovascular mortality and MACE with 
early coronary intervention (< 24 h after admission). This 
reinforces the current European [3] and American guide-
lines [4] recommendations of an early invasive strategy in 
high-risk NSTEACS group with GRACE > 140. But in the 
other NSTEACS groups (established NSTEMI or with ST/T-
segment changes) did not show a benefit in mortality as had 
already been observed in previous studies. Therefore, the 
indication for early coronary angiography in these group 
of patients with “established NSTEMI” (non-ST-segment 
elevation myocardial infarction defined by an increase in tro-
ponins) or dynamic ST-T-segment changes with a GRACE 
risk score < 140 should be evaluated in randomized clinical 
trials.

Moreover, meta-analyses pooling published showed con-
flicting results regarding the optimal timing of the procedure 
and which groups were considered of high risk. Katritsis 
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et al. [15], in a meta-analysis with 4013 NTEACS patients, 
showed that an early intervention significantly reduced the 
risk for recurrent ischemia and the length of hospital stay, 
however no significant differences have seen in terms of 
major events (death, myocardial infarction or stroke). In a 
meta-analysis published by Navarese et al. [16], it was not 
observed benefit of one strategy over another in the rand-
omized nor in the observational cohort. On the other hand, 
a more recent meta-analysis [17] published also did not 
observe a reduction in mortality between the invasive ver-
sus the late strategy in patients with NSTEACS. But, four 
subgroups of high-risk patients showed a reduction in mor-
tality (patients with GRACE risk score > 140, patients with 
elevated biomarkers, diabetic patients, patients older than 
75 years). Therefore, the benefit seems to specially focus 
on patients with GRACE > 140, as we have observed in our 
study, but too patients with elevated biomarkers. Thereby, 
biomarkers might be of certain value to identify high-risk 
patients, however, this value is not well-determinate, espe-
cially because many studies use it as a binary criterion. Fur-
thermore, most of the studies that included biomarkers did 
so prior to the era of high-sensitivity cardiac troponin.

Our study has several strengths. It is a real-world registry 
with a large number of patients and a long follow-up. We 
used the inverse probability of treatment weighting approach 
in the propensity score analysis due to the high percentage 
of NSTEACS patients treated with early invasive strategy, 
and even more important, we were interested in estimat-
ing the average treatment effect. The retrospective nature 
of the analysis is a potential weakness. This study was also 
an observational registry study, which has inherent limita-
tions (e.g., selection bias, differences in groups concern-
ing baseline characteristics, and unmeasured bias). These 
associations may be confounded by unmeasured variables. 
Several unmeasured confounders or details about the physi-
cian or patient decision-making might not be available in 
our collected data protocol and could account for some of 
the reported findings. Also, there may have been appropriate 
contraindications to adjunctive pharmacotherapy or inva-
sive management that were not registered. Finally, long-term 
outcomes could have been modified by many circumstances 
that might not be available or controlled in the follow-up 
protocol. The results presented in this analysis should be 
considered as generating hypotheses and deserve confirma-
tion in other registries and clinical trials.

Conclusions

In a contemporary real-world registry of NSTEACS patients, 
an early invasive management (first 24 h after hospital 
admission) is associated with reduced all-cause mortality, 
cardiovascular mortality and major cardiovascular adverse 

events in NSTACS with high (> 140) GRACE risk score dur-
ing long-term follow-up. The prognostic benefit of this early 
intervention is less evident in the subgroup of patients with a 
GRACE score < 140 with markers of myocardial injury and/
or electrocardiographic abnormalities also included in the 
new high-risk group defined by the recent ESC NSTEACS 
guidelines.
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