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Changes in the management  
of patients with acute coronary syndrome – 
have the disease outcomes changed?

Aim	 To analyze results of changing the management tactics in patients with acute coronary syndrome (ACS) 
in clinical practice from 2004 through 2018 expressed as improvement in prognosis.

Material and methods	 Results of two observational studies were analyzed: ORACLE I (2004–2007), which included 1193 
patients with ACS (mean age, 61.1±11.69 years; men, 63.3 %) and ORACLE II (2014–2017), which 
included 1652 patients from 4 vascular centers (mean age, 64.61±12.67 years; men, 62.3 %).

Results	 Patients included into the ORACLE II study in 2014 were significantly older and the proportion of 
patients with diabetes mellitus was greater than in the ORACLE I study (14.7 and 22.6 %, respectively). 
After matching the groups by major clinical characteristics, it was found that introducing the invasive 
management tactics for ACS patients was associated with a reduced rate of all-cause death (from 8.2 to 
6.1 % for one year), a tendency towards decreased number of coronary death cases (from 5.6 to 4.0 %), 
and a decrease in risk of recurrent coronary complications (from 17.4 to 7.7 %).

Conclusion	 Implementing the vascular program statistically significantly decreased the total death rate for at least 
one-year observation in comparable patient groups.
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Introduction
A vascular disease management program has been 

implemented recently in most regions of the Russian 
Federation; a significant number of patients with 
acute coronary syndrome (ACS) have been subjected 
to invasive examination and treatment. Drug therapy 
possibilities have also increased: new antiplatelet agents, 
anticoagulants, and other drugs have been developed 
and are in use. Lipid-lowering drugs (mainly statins) 
come into wide use. The new treatment standards have 
been expected to improved prognosis for patients. 
Observational studies are useful for monitoring the 

efficacy of new drugs and invasive treatments in real-
world practice. In 2004–2007, the Russian multicenter 
observational study of patients with ACS ORACUL 
(Exacerbation of Coronary Artery Disease: Logical 
Probabilistic Methods of Predicting the Course to 
Improve the Treatment) was organized and included 
about 1,200 patients. In 2014, the inclusion of patients 
in the ORACUL II study began. Based on the findings of 
these two studies, we are able to analyze the differences 
in patient management tactics and treatment outcomes 
in the practice of the new invasive treatment strategy and 
changes in drug therapy.
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Objective

Analyze whether changes introduced to real-world 
management tactics in patients with ACS from 2004 to 
2014 improved the prognosis for such patients.

Materials and Methods
This study analyzes the results of two open-label 

multicenter observational studies organized by the 
Department of Therapy, Cardiology, and Functional 
Diagnostics with the Department of Nephrology at the 
Central State Medical Academy of Administration of the 
President of the Russian Federation.

The study entailed a comparative analysis of the results of 
two Russian multicenter observational studies, ORACUL I 
and ORACUL II (Exacerbation of Coronary Artery Disease: 
Logical Probabilistic Methods of Predicting the Course to 
Improve the Treatment), and included patients with a history 
of ACS. The ORACUL I study was conducted in 2004–2007 
A total of 1,193 patients with ACS were included and followed 
up in 16 sites in 7 cities (Moscow, Chelyabinsk, Kazan, Perm, 
Stavropol, Rostov-on-Don, St. Petersburg) for 12 months. 
The study included patients with ACS with ST-segment 
elevation (STE-ACS) and without ST elevation (NSTE-
ACS) in the presence of symptoms caused by ACS (duration 
of symptom by the time of hospitalization not more than 72 
hours). Follow-up began on the 10th day from the onset of 
ACS. Recurrence of myocardial infarction (MI) or repeated 
episodes of myocardial ischemia lasting for more than 10 
minutes delayed the patient’s inclusion for another 10 days. 
The inclusion criteria have been described previously [1].

The ORACUL II study included patients with STE-ACS 
and NSTE-ACS with indications for percutaneous coronary 
intervention (PCI) due to the index episode. A total of 
1,782 patients were included at 4 sites (in Moscow, Kazan, 
Astrakhan, and Krasnodar) in which the vascular disease 
management program was implemented. In the ORACUL 
II study, patients were followed up from the onset of ACS 
symptoms. However, patients who died within 10 days from 
the onset of ACS and those who were followed up for less 
than 10 days were excluded from the analysis to unify follow-
up duration. Data of 1,652 patients were used for the analysis. 
The inclusion criteria used in the ORACUL II study have 
been described earlier [2].

Data on adverse outcomes were collected at control 
examinations or phone calls made on days 25, 90, 180, and 
360 after the inclusion in the study. The primary endpoint 
was all-cause death. All cases of coronary death, coronary 
complications (death and repeated episodes of ACS), and all 
cases of strokes were analyzed.

The local ethics committees of the investigational sites 
approved the study. Before inclusion in the study, all subjects 
signed written informed consent.

Statistical processing of the findings was performed using 
statistical software suites SPSS 23.0, MedCalc 19.0.3, and 
NCSS 2009 19.0.2. Analysis of the distribution and criteria 
of its normality was carried out for the extensive variables. 
Since the distribution of all the parameters studied was 
not normal, non-parametric methods of calculation were 
used for the analysis. The means and standard errors (M ± 
m) were calculated for the extensive variables. Discrete 
values were compared using Pearson’s chi-square test. The 
differences were statistically significant at p<0.05.

Pseudo-randomization was used to match patient groups 
of the ORACUL I and ORACUL II studies according to 
clinical signs. The propensity score was calculated using 
the logistic regression method. The groups were matched 
using 1:1 nearest-neighbor matching taking into account the 
presence of diabetes mellitus (DM) as the main parameter; 
age, sex, coronary artery disease (CAD), history of MI, and 
chronic heart failure (CHF) were assessed as covariates.

The percentage meta-analysis was carried out using the 
Freeman–Tukey transformed proportions to calculate a 
weighted cumulative percentage using the fixed and random-
effect model. The Q and I2 criteria were used to evaluate the 
heterogeneity of the model.

Results
The clinical characteristics of patients included in the 

ORACUL I and ORACUL II studies are provided in Table 1.
The patient cohorts have several significant differences. 

Patients registered in 2014–2017 were significantly older, 
with a mean age difference of about 3.5 years. The percentage 
of patients with DM increased significantly. In the ORACUL 
II study, patients were more likely to have a history of CAD 
before inclusion in the study, and the rate of MI did not differ. 
Moreover, arterial hypertension, peripheral atherosclerosis, 
and conduction disorders were more common. CHF was 
slightly rarer. In the ORACUL II study, the rate of alcohol 
consumption was higher, and the rate of smoking was lower. 
There were no statistically significant differences in sex, body 
mass index, and glomerular filtration rate. The percentage of 
patients with STE-ACS did not differ significantly.

Treatment of patients in the two studies was expectedly 
different. PCI for the index event was performed in 57.4 % 
of patients followed up in 2014–2017, including 75.8 % of 
patients with STE-ACS and 50.1 % of patients with NSTE-
ACS. In 2004–2007, such interventions were not routine. 
The analysis of drug therapy showed that the percentage 
of patients who received antiplatelet drugs, beta-blockers, 
and renin-angiotensin system inhibitors increased. The 
percentage of patients who received statins almost doubled 
by the time of the discharge from hospital (45.6 % vs. 91.9 %, 
respectively; p<0.001). The percentage of patients who re
ceived nitrates and cardiac glycosides decreased. More 
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Table 1. Comparative clinical characteristics of patients in the ORACUL I and ORACUL II studies

Parameter
ORACUL I ORACUL II 

р
All patients (n = 1,193) All patients (n = 1,652)

Male/female, n (%) 755 (63.3%)/438 (36.7%) 1029 (62.3%)/623 (37.7%) 0.585

Age at inclusion, years 61.1±11.69 64.61±12.672 0.0001

BMI, kg/m2 28.1±4.51 28.48±4.980 0.09

STE-ACS, abs. (%) 480 (40.2%) 611 (37%) 0.082

Elevated markers of myocardial  
damage during index event, n (%)

52.8% (n = 630) of all patients,  
78.2% of patients  

with the known level

69.4% (n = 1143) of all patients,  
91.4% of patients  

with the known level

0.001 
0.001 

History of CAD, n (%) 806 (67.6%) 1192 (72.2%) 0.007

History of MI, n (%) 384 (32.2%) 496 (30%) 0.209

History of hypertension, n (%) 973 (81.6%) 1458 (88.3%) 0.0001

History of stroke, n (%) 108 (9.1%) 188 (11.4%) 0.0472

CHF before current hospitalization, n (%) 651 (54.6%) 829 (50.4%) 0.0265

Peripheral atherosclerosis, n (%) 150 (12.6%) 428 (25.9%) 0.0001

Diabetes mellitus, n (%) 175 (14.7%) 373 (22.6%) 0.0001

History of AV block, n (%) 18 (1.5%) 73 (4.4%) 0.001

Bundle branch block, n (%) 66 (5.5%) 140 (8.5%) 0.002

AF within the first 10 days from the onset of ACS, n (%) 34 (2.8%) 65 (3.9%) 0.1114

Smoking, n (%) 458 (38.4%) 465 (28.1%) 0.0001

Alcohol consumption, n (%) 342 (28.7%) 778 (47.1%) 0.0001

Therapy Day 10 Discharge –

Antiplatelet drugs, n (%) 1109 (93,0 %) 1595 (96,5 %) 0,001

Nitrates, n (%) 714 (59,9 %) 220 (13,3 %) 0,0001

Beta-blockers, n (%) 966 (81,0 %) 1449 (87,7 %) 0,0001

ACE inhibitors/ sartans, n (%) 1014 (85 %) 1473 (89,2 %) 0,0008

Statins, n (%) 544 (45,6 %) 1518 (91,9 %) 0,001

Calcium antagonists, n (%) 144 (12,1 %) 382 (23,1 %) 0,0001

Diuretics, n (%) 370 (31,0 %) 611 (37,0 %) 0,0009

Cardiac glycosides, n (%) 33 (2,8 %) 4 (0,2 %) 0,001

Antiarrhythmic agents, n (%) 35 (2,9 %) 86 (5,2 %) 0,0026

Warfarin, n (%) 2 0 (1,7 %) 92 (5,6 %) 0,001

Dabigatran, n (%) – 16 (1,0 %) –

Rivaroxaban, n (%) – 20 (1,2 %) –

Apixaban, n (%) – 6 (0,5 %) –

Heparin, n (%) 44 (3,7 %) 101 (6,1 %) 0,004

PCI for index event, n (%) –
952 (57,4%)

STE-ACS 75.8%,
NSTE-ACS 50.1%

–

GFR, mL/min/1.73m2 73.4±26.52 71.98±33.960 0.0564

Outcomes (days 10 to 366 from ACS)

All-cause death, n (%) 98 (8.2%) 138 (8.4%) 0.848

Coronary death, n (%) 67 (5.6%) 89 (5.4%) 0.817

All coronary complications, n (%) 208 (17.4%) 144 (8.7%) 0.001

Stroke, n (%) 16 (1.3%) 34 (2.05%) 0.130

BMI, body mass index; STE-ACS, acute coronary syndrome with ST segment elevation; CAD, coronary artery disease;  
MI, myocardial infarction; CHF, chronic heart failure; AV, atrioventricular; AF, atrial fibrillation; ACE, angiotensin-converting enzyme;  
PCI, percutaneous intervention GFR, glomerular filtration rate.
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patients received anti-arrhythmic drugs and anticoagulants. 
Besides the increased number of patients receiving warfarin, 
there were patients administered new oral anticoagulants 
(dabigatran, rivaroxaban, and apixaban).

In general, all-cause mortality and the incidence of 
coronary complications and strokes did not differ signi
ficantly between the two studies in the adverse outcomes 
reported in the follow-up year. The only variable that 
decreased significantly was the incidence of all coronary 
complications (death and non-fatal repeated ACS 
episodes).

Taking into account the significant differences in the 
incidence of conditions that are risk factors (RFs) of adverse 
outcomes (DM, CAD, CHF, hypertension, smoking) and 
the significant differences between the age groups of patients 
in the two followed-up cohorts, a procedure of propensity 
score matching was performed using pseudo-randomization 
to compare the incidence of adverse outcomes. The result 
was 1,192 pairs of patients. The main clinical characteristics 
and the rate of adverse outcomes are shown in Table 2. There 

were no significant differences in age and major risk factors 
after matching (Table 2).

The pseudo-randomization procedure produced two 
homogeneous samples, which did not differ in the rate of 
RFs of the main adverse outcomes. Analysis of the adverse 
outcome rates showed that, following the introduction of 
invasive tactics for the management of patients with ACS, 
all-cause mortality decreased significantly within a year 
(from 8.2 % to 6.1 %), and there was also a tendency toward 
a decrease in the rate of coronary death (from 5.6 % to 4.0 %). 
The number of recurrent coronary complications decreased 
significantly. The stroke rate was slightly higher in the 
ORACUL II study, but the differences were not significant.

Given a wide variety of data on long-term outcomes in 
patients with ACS after discharge from hospital, and in order 
to assess the homogeneity of the available data, we performed 
a meta-analysis of observational studies in which long-term 
outcomes were evaluated. The studies were selected from 
the PubMed database using the keywords «acute coronary 
syndrome», «death», and «registry» from 2017 to 2019. 

Table 2. Clinical characteristics and outcomes in the ORACUL I and ORACUL II studies after matching by risk factors

Parameter ORACUL I (%),  
n = 1,192

ORACUL II (%),  
n = 1,192 p

Age, years 61.32±11.69 61.81±11.92 0.786
Male, n (%) 754 (63.3%) 766 (64.3%) 0.609
Diabetes mellitus, n (%) 175 (14.7%) 175 (14.7%) 1.000
Hypertension, n (%) 972 (81.5%) 1,002 (84.0%) 0.07
History of myocardial infarction, n (%) 384 (32.2%) 370 (31.0%) 0.538
CAD prior the index event, n (%) 805 (67.5%) 836 (70.1%) 0.170
History of CVA, n (%) 108 (9.1%) 107 (9.7%) 0.446
History of CHF, n (%) 651 (54.6%) 612 (48.5%) 0.110
Smoking, n (%) 458 (38.4%) 408 (34.2%) 0.05

Outcomes (days 10 to 366 from ACS)
All-cause death 98 (8.2%) 67 (6.1%) 0.048
Coronary death 67 (5.6%) 44 (4.0%) 0.079
All coronary complications 208 (17.4%) 73 (7.7%) 0.0001
Stroke 16 (1.3%) 24 (2.1%) 0.171
CAD, coronary artery disease; CVA, cerebrovascular accident; CHF, chronic heart failure.

Table 3. Characteristics of studies included in the meta-analysis
Study Number of patients Age, years Number of patients subjected to PCI, % 12-month mortality

PROMETHEUS study [3] 19 914 63±12.9 100 963
Korea Acute Myocardial Infarction Regis
try–National Institutes of Health [4] 9 684 – 77.9 517

Australia multicenter registry [5] 13 184 64±11.5 100 775
START-ANTIPLATELET [6] 840 67±13 85 62
BleeMacs [7] 4520 66±11 56 259
ORACUL II 1652 64±11 60 138
RECORD 3 [8] 966 64±11.9 44.3 81
GReek AntiPlatElet registry [9] 2047 62±12 100 98
Oman PCI Registry [10] 926 58±11.2 100 46
STARS-1 Program [11] 2233 56±13 42.5 181
PCI, percutaneous coronary intervention.
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Studies were selected that contained data on the 12‑month 
all-cause mortality after ACS. Characteristics of the selected 
studies are detailed in Table 3.

A total of 55,966 patients were included in the meta-
analysis. The 12‑month mortality was 5.5 % for a fixed 
model (Figure 1). The data of all studies were within 95 % 
confidence interval, and their distribution was symmetrical 
and homogeneous (Figure 2).

Discussion
The resulting data provide evidence of changes in the 

management of patients with ACS after implementation 
of the vascular disease management program, which 
made invasive procedures for ACS more accessible. It 
should be noted that the demographic characteristics of 
patients in the two comparable studies changed as well as 
the approaches to treatment (availability of interventions, 
common use of statins, new groups of antiplatelet and 
anticoagulant drugs). Introduction of the invasive strategy 
of patient management resulted in hospitalizations of 
patients with higher-risk ACS. In the ORACUL II study, 
patients were older and had a more unfavorable RF profile 
(a large percentage of patients with CAD, peripheral 
atherosclerosis, DM). The problem of an increasing 
number of patients with DM has already been closely 
analyzed [12]. The increased percentage of patients with 
DM has been shown in all age groups. This may be due to 
both the improvement of diagnosis and actual increasing 
numbers of such patients. The percentage of patients with 
peripheral atherosclerosis also increased. This change is 
likely to be associated with both the older age of patients 
and increased availability of diagnostic studies.

All-cause mortality was relatively high (about 8 %) in 
both studies ORACUL I and ORACUL II. Similar all-cause 
mortality was contained in the Russian register RECORD-3 
(8.4 %), in which patients were included in March  – April 
2015, and in the 2015–2017 Middle-East register of ACS, 
where 12‑month all-cause mortality after ACS was 8.1 %. 
However, it should be noted that the patient population was 
significantly younger (mean age 56 years old) in the latter 
than in our study [11].

In the Australian ACS register, similar to our study in 
terms of age of included patients, 12‑month mortality 
was the highest in patients with STE-ACS (8.7 %), lower 
in patients with NSTE-ACS (4.5 %), and the lowest in 
patients with unstable angina [5]. Our study included 
only high- and intermediate-risk patients, with a small 
percentage of patients without elevated cardiac-specific 
enzymes, which partly explains the relatively high 
12‑month mortality rate.

In the Greek ACS register similar to the ORACUL II 
study according to the clinical characteristics of patients, all-

cause mortality was 4.8 % [9], which is lower than in our study. 
However, all patients underwent revascularization in the 
Greek register; the percentage of such patients was only about 
57 % in the ORACUL II register. In general, our meta-analysis 
showed that, despite the fact that the 12‑month mortality 
rate of patients after ACS was higher in our study than in 
most foreign registers, the inclusion of our data in the meta-
analysis did not violate the homogeneity and correctness of 
data distribution.

ACS, acute coronary syndrome.
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The routine use of revascularization procedures and the 

increased possibilities of drug therapy significantly reduced 
the risk of repeated coronary complications, but the risks 
of all-cause death and coronary death remained at the 
same level, which appears to be due to the differences in 
demographic characteristics.

Drug therapy can significantly influence the long-
term prognosis after an acute episode of CAD as well as 
revascularization procedures. The American ACS register 
PROMETHEUS showed that the best possible drug therapy 
after the discharge from hospital contributes to a decrease 
in all-cause mortality within a year to 3.5 % versus 9.2 % 
in patients who did not receive full-fledged drug therapy 
[3]. We only analyzed the therapy administered after the 
discharge from hospital in this study. Treatment compliance 
after discharge seems essential.

Patients were matched by the main different RFs to 
compare the findings of the two studies. We found that 
total mortality was significantly lower, the total number of 
coronary complications was significantly decreased, and 
coronary mortality tended to reduce in the ORACUL II study. 
Despite the matching of the groups according to the main 
characteristics, some differences (high rate of hypertension, 
peripheral atherosclerosis) remained.

The distinguishing factor of this work is that the inclusion 
criteria were different in the ORACUL I and ORACUL 
II studies. The inclusion criteria of ORACUL II allowed 
for including initially more severe high- and intermediate-
risk patients who had indications of PCI during the current 
hospital stay. This may explain why, amid the change in 
management tactics, a significant reduction in coronary 
mortality was not demonstrated. At the same time, highly 
reliable differences in the rate of repeated coronary episodes 

give hope that these differences would transform into a higher 
survival rate in a more extended follow-up period.

Our findings show that implementation of the vascular 
disease management program (invasive management of 
patients with ACS, new antithrombotic drugs, increased use 
of statins) significantly reduced total mortality and the rate 
of repeated coronary episodes at least within 12 months of 
follow-up in the comparison groups of patients. However, 
adverse shifts in the prevalence of key RFs in real-world 
clinical practice can offset the benefits of invasive methods 
and, thus, require additional efforts to be corrected.

Limitations
Different inclusion criteria and protocols of the 

ORACUL I and ORACUL II studies did not allow for a 
complete comparison of the used therapies and treatment 
compliance. The ratio of sizes of the groups compared did 
not allow matching the groups by all the different parameters 
without a significant decrease in the number of the observed 
cases, which forced us to select the most significant different 
parameters for the matching procedure.
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