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over 80 years of age admitted for acute coronary syndrome

Kirill Berezhnoi'’, Leonid Kokov’, Alexandr Vanyukov'

'Department of Interventional Cardiology, City Clinical Hospital No. 52, Moscow, Russian Federation; *Department of Radiology, LM Sechenov
First Moscow State Medical University, Moscow, Russian Federation; ‘Department of Interventional Cardiology, N.V. Sklifosovsky Institute,
Moscow, Russian Federation

Contributions: (I) Conception and design: K Berezhnoi, L Kokov; (IT) Administrative support: L Kokov, A Vanyukov; (IIT) Provision of study materials
or patients: K Berezhnoi, A Vanyukov; (IV) Collection and assembly of data: K Berezhnoi; (V) Data analysis and interpretation: K Berezhnoi,
L Kokov; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Kirill Berezhnoi. Department of Interventional Cardiology, City Clinical Hospital No. 52, Moscow, Russian Federation;

Department of Radiology, I.M Sechenov First Moscow State Medical University, Moscow, Russian Federation. Email: dr.berezhnoi@gmail.com.

Background: The effects of complete revascularization (CR) on long-term treatment outcomes in patients
over 80 years of age with acute coronary syndrome (ACS) and multivessel coronary artery disease (MVD)
have not been sufficiently investigated.

Methods: In this study, we analyzed data obtained in 305 patients over 80 years of age with MVD who
were admitted in the period from January 2014 to August 2017 for ACS. The patients were divided into two
groups. CR was performed in 131 patients, and 174 subjects had an intervention on the symptomatic artery
only [incomplete revascularization (ICR)]. The primary endpoint was one-year occurrence of the major
adverse cardiac events (MACE) including death, non-fatal myocardial infarction, stroke. We also recorded
cases of repeat coronary artery intervention, major bleeding events, contrast-induced nephropathy and stent
thrombosis that occurred within a period of 1 year.

Results: The MACE rate in patients undergoing CR was significantly lower during the 12-month
observation period. No statistically significant differences were observed in the rates of repeat coronary
artery intervention, bleeding events, contrast-induced nephropathy, and stent thrombosis.

Conclusions: CR performed in patients over 80 years of age with ACS due to MVD decreases the

incidence of MACE without increasing the risk of periprocedural complications.
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Introduction age group, and the complex anatomy of the coronary artery

The number of very elderly patients has dramatically system and peripheral vessels in these patients (2). This

increased in recent years worldwide. According to current highlights the need for studies in this patient population.

predictions, the world’s total number of people aged 80 or
older will double by 2050 (1). Treatment of very elderly
patients is a serious issue in cardiology practice because of
numerous comorbidities, the psychosocial aspects of this
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Besides, a higher percentage of patients in this age group
have multivessel coronary artery disease, as compared with
younger individuals. A number of studies have demonstrated

that multivessel coronary artery disease is associated
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Figure 1 Study design. Patient selection and treatment choice in

patients with multivessel coronary artery disease.

with poor prognosis (3,4). Earlier studies revealed that
complete revascularization (CR) decreased the incidence
of ischaemic events in younger subjects (5). However, the
impact of complete and incomplete revascularization (ICR)
on long-term outcomes in patients over 80 years of age has
not been adequately investigated. On the one hand, CR
can decrease the rate of ischemic events and subsequent
interventions; on the other hand, it is associated with a
high risk of renal failure and periprocedural complications.
The high risk of complications is due to the complex
coronary artery disease and hypersensitivity to contrast
media, as well as combined comorbidities, in this age
group. Nevertheless, the SHINANO Registry have shown
that even in elderly patients over 75 years old, multivessel
revascularization appears to suppress mid-term ischemic
events, especially in the subgroup of patients presenting
with acute coronary syndrome (6). More recently, study
by de La Torre Hernandez e al. demonstrated that multi-
vessel percutaneous coronary intervention (PCI) was related
with better outcomes especially after staged procedures in
patients with ST-segment elevation myocardial infarction
(MI) over 75 years of age (7). However, the current clinical
guidelines recommend an individual approach to patients
with multivessel coronary artery disease depending on
the patient’s general condition, severity of coronary
artery disease, and myocardial involvement (8,9). Thus,
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the effects of CR on long-term treatment outcomes in
patients over 80 years of age with acute coronary syndrome
due to multivessel coronary artery disease have not been
sufficiently investigated.

Aim
Our objective was to evaluate the outcomes of CR and ICR in

patients with multivessel coronary artery disease over 80 years
of age, who were admitted for acute coronary syndrome.

Methods
Study population

We conducted a prospective cohort analysis of short-term
and long-term treatment outcomes obtained in patients
with multivessel coronary artery disease over 80 years of
age, who underwent a PCI for acute coronary syndrome in
the period from January 2014 to August 2017. There were
no exclusion criteria in this study. The study was approved
by the ethics committee. During the study period, 492
patients aged over 80 had a coronary intervention for acute
coronary syndrome. In this study sample, 305 subjects
suffered from multivessel coronary artery disease. The
patients were divided into two groups: CR was performed
in 131 patients, and 174 subjects had intervention on the
symptomatic artery only. Fifty-five subjects underwent CR
in primary procedure, and 76 patients had CR in staged
procedure (Figure 1). The procedures were performed
according to the preferences of each operator.

Primary and secondary endpoints and definitions

The primary endpoint was 1-year occurrence of the major
adverse cardiac events (MACE), including death, non-fatal
ML, and stroke. We also recorded cases of repeat coronary
artery intervention, major bleeding events, contrast-induced
nephropathy and stent thrombosis that occurred within a
period of 1 year.

Acute coronary syndrome was defined as one of the
following events: ST-segment elevation MI, non-ST-
segment elevation MI, or unstable angina. ST-segment
elevation MI was diagnosed in the presence of anginal pain
or its equivalents with an ST segment elevation of at least
1 mV in at least two contiguous leads, newly detected left
bundle-branch block, and elevated cardiac specific enzyme
levels (a rise of cardiac troponin with at least one value
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above the 99th percentile upper reference limit). Non-
ST-segment elevation MI was diagnosed in the presence
of anginal pain or its equivalents and elevated cardiac
specific biomarker levels and permanent or temporary
ST segment depression, T-wave inversion, short-term
ST segment elevation on ECG. Unstable angina was
diagnosed in patients with anginal pain at rest or at night.
Multivessel coronary artery disease was defined as stenosis
of more than 70% in two or more epicardial branches with
a diameter exceeding 2 mm. Successful PCI was defined
as Thrombolysis in Myocardial Infarction (TIMI) 3 flow
in the symptomatic artery and post-interventional residual
stenosis <20%. CR was characterized by elimination of
hemodynamically important lesions in epicardial coronary
arteries with a diameter exceeding 2 mm. A major bleeding
event was a gastrointestinal bleeding, access site bleeding,
or hemopericardium resulting in cardiac tamponade or
transfusion of blood components (BARC 3 according to the
Bleeding Academic Research Consortium classification).
Contrast-induced nephropathy was diagnosed in patients
with renal impairment who had a serum creatinine increase
of at least 25% from baseline and/or an absolute elevation
in serum creatinine of 0.45 mg/dL 48-72 hours after
contrast medium administration.

Statistical analysis

Statistical analyses of study results were performed using the
SPSS 24 for Mac application package. Continuous variables
were presented as arithmetic means and squared deviations
from the mean (M = o). Categorical variables were
presented as absolute values and percentages of the number
of patients in the analyzed group. We compared continuous
variables using Student’s -test or the Wilcoxon signed-rank
test based on the distributions. Categorical variables were
compared with the help of the chi-square test or Fisher’s
exact test. The Kaplan-Meier estimator was employed
to evaluate the cumulative probability of achieving the
endpoints. Multivariate Cox regression analysis was utilized
to determine the death risk coefficients and evaluate the
effects of independent variables on this risk. The critical
level of statistical significance was set at P<0.05.

Results
Baseline patient characteristics

"This study enrolled 305 patients with multivessel coronary
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artery disease over 80 years of age, who had a diagnosis of
acute coronary syndrome and underwent a percutaneous
coronary intervention. The patients were divided into two
groups: CR was performed in 131 patients, and 174 subjects
had intervention on the symptomatic artery only. The
baseline patient characteristics are included in Table 1.
No statistically significant characteristics between the
groups were observed. The mean age of patients was 83.99
in the CR group and 84.37 in the ICR group. It should
be mentioned that women (CR 58.8% vs. ICR 70.7%,
P=0.031) and patients with previous coronary artery bypass
graft (CABG) (CR 0.8% vs. ICR 4.6%, P=0.034) prevailed
in the ICR group.

Characteristics of coronary artery disease and PCI

Table 2 shows the characteristics of coronary artery disease
and PCI. Lesions were more calcified in the ICR group
(CR 22.9% vs. ICR 37.4%, P=0.007). However, we observed
no significant differences in the location of stenotic lesions,
presence of bifurcation lesions, and lesion severity assessed
with the SYNTAX score.

Analysis of study results and PCI complications

Table 3 summarizes the complications and clinical outcomes
of PCI. No significant differences were observed in post-
intervention blood flow evaluated with the TIMI grading
system or in complications.

The incidence rates of contrast-induced nephropathy
(CR 6.1% vs. ICR 4.6%, P=0.688), stent thrombosis
(CR 0.8% vs. ICR 1.7%, P=0.452) and major bleeding
events (CR 2.3% wvs. ICR 2.3%, P=0.996) did not differ
between the groups.

The 1-year incidence of MACE was significantly
lower in the CR group than in patients undergoing ICR
(CR 14.5% vs. ICR 27.0%, P=0.008). We also observed
significant reductions in overall mortality (CR 11.5% uvs.
ICR 22.4%, P=0.012) and cardiac mortality (CR 9.2% wvs.
ICR 17.8%, P=0.029) in the CR group. This difference was
greatest within the first month after the intervention, but it
remained statistically significant throughout the observation
period. More detailed data can be seen on the Kaplan-
Meier curve presented in Figure 2. The number of repeat
interventions was lower in the CR group; however, the
difference did not reach statistical significance (CR 2.3% vs.
ICR 5.7%, P=0.123).

Furthermore, we analyzed independent factors affecting
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Table 1 Baseline patient characteristics
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Parameters Complete revascularization, n (%) Incomplete revascularization, n (%) P value
Total study sample: 305 patients with 131 (43.0) 174 (57.0) -
multivessel coronary artery disease, n (%)
Demographics
Age, mean + SD (years) 83.99+2.86 84.37+2.96 0.986
Females, n (%) 77 (58.8) 123 (70.7) 0.031
BMI, mean = SD (kg/m?) 27.4+4.5 27.3+5.1 0.612
Cardiovascular risk factors, n (%)
Hypertension 105 (80.2) 146 (83.9) 0.397
Diabetes mellitus 41 (31.3) 59 (33.9) 0.631
Dyslipidemia 59 (45.0) 71 (40.8) 0.460
Smoking 46 (35.1) 54 (31.0) 0.454
Concomitant diseases, n (%)
History of previous infarction 48 (36.6) 80 (46.0) 0.102
History of cerebral infarction 11 (8.4) 21 (12.1) 0.296
CKD 23 (17.6) 36 (20.7) 0.492
COPD 17 (13.0) 19 (10.9) 0.583
Peripheral vascular disease 8(6.1) 14 (8.0) 0.514
Previous PCI 4 (3.1) 12 (6.9) 0.126
Previous CABG 1(0.8) 8 (4.6) 0.034
Status on admission
STEMI, n (%) 78 (59.5) 85 (48.9) 0.373
Previous thrombolysis, n (%) 2(1.5) 2(1.1) 0.776
Ejection fraction, mean + SD (%) 53.53+6.72 50.48+6.25 0.220
Killip class, mean + SD 1.55+£1.43 1.58+1.25 0.769

BMI, body mass index; CABG, coronary artery bypass graft; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease;
PCI, percutaneous coronary intervention; STEMI, ST-segment elevation myocardial infarction.

the 1-year incidence of the MACE in the entire sample of
patients with multivessel coronary artery disease. The most
valuable results are included in 7zble 4. A number of factors,
including ST-segment elevation MI, low ejection fraction,
and Killip class III-IV acute heart failure, increase the risk
of the MACE. Radial access, the use of drug-eluting stents
and CR are associated with a lower risk of MACE.

Discussion

There is currently contradictory evidence to support the
choice of treatment plan for patients with multivessel coronary
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artery disease. A number of studies have shown that CR during
percutaneous coronary interventions is associated with a higher
risk of MI compared with stenting of the symptomatic artery
alone (10). Other investigators do not report a significant
difference between groups of patients undergoing complete
or ICR for either ST-segment elevation or non-ST-segment
elevation acute coronary syndrome (11,12).

However, a recent meta-analysis demonstrated significant
reductions in both total mortality and MI in the CR
group. Another interesting finding was that the staged
revascularizadon did not improve these outcomes (13). Besides
that, a number of recently published studies mentioned lower
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Table 2 Coronary artery disease and PCI characteristics

Parameters Complete revascularization Incomplete revascularization P value

Localization lesion, n (%)
LM 15 (11.5) 22 (12.6) 0.752
LAD 112 (85.5) 152 (87.4) 0.639
LCx 84 (64.1) 113 (64.9) 0.883
RCA 99 (75.6) 141 (81.0) 0.251

Lesion characteristics
SYNTAX, mean + SD 20+6.4 19+5.3 0.21
Calcification, n (%) 30 (22.9) 65 (37.4) 0.007
Bifurcation lesion, n (%) 33 (25.2) 40 (23.0) 0.656
Baseline TIMI flow grade, mean + SD 2.14+1.07 2.09+0.98 0.052

PCI characteristics
LM stenting, n (%) 15 (11.5) 16 (9.2) 0.521
Drug-eluting stent implantation, n (%) 53 (40.5) 84 (48.3) 0.174
Aspiration thrombectomy, n (%) 9(6.9) 10 (5.7) 0.689
Glycoprotein llb/llla inhibitors, n (%) 17 (13.0) 28 (16.1) 0.446
Radial access, n (%) 51 (38.9) 73 (42.0) 0.595
Mean stent length, mean + SD (mm) 23.5+5.9 24.1+6.2 0.321
Mean stent diameter, mean + SD (mm) 2.85+0.45 2.92+0.48 0.214
IABP, n (%) 15 (11.5) 25 (14.4) 0.453

LM, left main coronary artery; LAD, left anterior descending artery; LCx, left circumflex artery; RCA, right coronary artery; PCI,
percutaneous coronary intervention; SYNTAX, Synergy between Percutaneous Coronary Intervention with TAXUS and Cardiac Surgery;

TIMI, Thrombolysis in Myocardial Infarction; IABP, intra-aortic balloon pump.

Table 3 Complications and clinical outcomes

Parameters Complete revascularization Incomplete revascularization P value
Post-intervention TIMI flow grade, mean + SD 2.94+0.49 2.89+0.53 0.214
Perforation, n (%) 0 2(1.1) 1.000
Dissection, n (%) 1(0.8) 0 1.000
Major bleeding (BARC 3), n (%) 3(2.3) 4(2.3) 0.996
CIN, n (%) 8(6.1) 8 (4.6) 0.688
Stent thrombosis, n (%) 1(0.8) 3(1.7) 0.452
Long-term outcomes (1 year), n (%)
MACE 19 (14.5) 47 (27.0) 0.008
Mortality 15 (11.5) 39 (22.4) 0.012
Cardiac mortality 12 (9.2) 31(17.8) 0.029
Myocardial infarction 2(1.5) 4 (2.3) 0.627
Stroke 2(1.5) 4(2.3) 0.627
Repeat revascularization 3(2.3) 10 (5.7) 0.123

BARC, Bleeding Academic Research Consortium; CIN, contrast-induced nephropathy; TIMI, Thrombolysis in Myocardial Infarction; MACE,

major adverse cardiac events; PCl, percutaneous coronary intervention.
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Figure 2 One-year MACE, all-cause death, myocardial infarction and stroke for multivessel coronary artery disease patients over 80 years

of age with acute coronary syndrome, undergoing complete revascularization or incomplete revascularization. (A) Kaplan-Meier curve

demonstrating the one-year incidence of MACE. MACE include all-cause death, myocardial infarction and stroke; (B) Kaplan-Meier curve

demonstrating the 1-year all-cause mortality; (C) Kaplan-Meier curve demonstrating the 1-year incidence of myocardial infarction; (D)

Kaplan-Meier curve demonstrating the one-year incidence of stroke. CR, complete revascularization; ICR, incomplete revascularization;

MACE, major adverse cardiac events.

mortality and MACE incidence in patients undergoing CR
(14-17).

It should also be mentioned that the current guidelines
recommend CR for patients with cardiogenic shock (18).
However, a recent meta-analysis demonstrated no advantage
of CR over intervention on the infarct-related artery in
cardiogenic shock (19). These data also agree with the results
of the recent CULPRIT SHOCK trial, which demonstrated
an increase in the composite endpoint that included death or
renal failure within 30 days in the CR group (20).

The authors of studies conducted in elderly patients
disagree on the value of CR. It is also reported that the
percentage of patients undergoing CR is extremely low,
35-36% (7,21). This percentage was somewhat higher in
our study, approximately 43%. Rumiz et /. compared the
outcomes of complete and ICR in patients aged under
or over 75 years. He concluded that CR had no effect
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on treatment outcomes in patients over 75 years of age,
unlike in younger patients (21). de La Torre Hernandez
et al. reported lower mortality and incidence of major
coronary events in patients undergoing stenting of all
hemodynamically relevant lesions (7). In the reported
study, we also obtained a lower MACE rate in patients
after CR, despite their severe comorbidities and complex
coronary anatomy. These factors, in turn, entail a higher
periprocedural risk than in younger patients (22). It should
be underlined, however, that we did not obtain a significant
increase in the incidence of contrast-induced nephropathy
or stent thrombosis in the CR group. ST-segment elevation
MI, low ejection fraction, and Killip class III-IV acute heart
failure were essential factors that increased the risk of death.
These results are also in agreement with the conclusions of
other authors, as the studies of Caretta et 4/. and Kozlov et al.
demonstrated that low left ventricular ejection fraction
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Table 4 Effects of independent variables on 1-year incidence of

MACE in patients with multivessel coronary artery disease

Variable HR 95% ClI P value
Age 1.020 0.948-1.099 0.592
Females 0.829 0.458-1.501 0.536
Diabetes mellitus 1.015 0.584-1.765 0.957
CKD 1.295 0.721-2.329 0.387
Myocardial infarction 1.805 0.552-5.906 0.329
STEMI 2.381 1.228-4.616 0.010
Ejection fraction 0.965 0.936-0.995 0.023
Killip class -1V 3.537 1.726-7.251 0.001
LM involvement 1.667 0.739-3.758 0.218
LAD involvement 1.060 0.450-2.499 0.894
LCx involvement 1.665 0.840-3.301 0.144
RCA involvement 0.615 0.311-1.215 0.161
Bifurcation lesion 0.726 0.351-1.501 0.387
Calcification 0.953 0.515-1.764 0.877
SYNTAX 1.012 0.991-1.040 0.331
Radial access 0.512 0.284-0.922 0.026
Drug-eluting stent 0.274 0.077-0.979 0.046
implantation

Post-intervention TIMI 0.783
flow grade

0.574-1.069 0.124

MACE, major adverse cardiac events; CKD, chronic kidney
disease; STEMI, ST-segment elevation myocardial infarction;
LM, left main coronary artery; LAD, left anterior descending
artery; LCx, left circumflex artery; RCA, right coronary artery;
SYNTAX, Synergy between Percutaneous Coronary Intervention
with TAXUS and Cardiac Surgery; TIMI, Thrombolysis in
Myocardial Infarction.

was among the most important independent risk factors
of death in patients over 80 years of age (23,24). Another
interesting finding was that the use of drug-eluting stents
and radial access were associated with a lower risk of
MACE. These data confirm the results of other studies that
were conducted in elderly patients (7,22). The findings of
the XIMA trial are also important. The authors compared
the results of using drug eluting stent (DES) and bare metal
stent (BMS) in octogenarians. DES were associated with a
lower incidence of MI and target vessel revascularization
without increased incidence of major hemorrhage. Besides
that, of particular interest was the reduction in primary
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endpoint events with the DES strategy when using
the radial artery for access or performing multivessel
procedures (25). Notwithstanding the lower incidence of
the MACE in the CR group, it should be remembered
that a decision on whether to perform CR should be made
based on the patient's general condition, the severity and
technical feasibility of percutaneous coronary intervention,
and cardiovascular risk factors.

Limitations of the study

The main limitations of this study were in its prospective,
single-centre, non-randomized design. As a result,
some factors affecting the treatment outcome might be
underestimated or estimated improperly. Besides that,
this type of registries suffers from inherent selection bias.
However, our study reflects the actual current clinical
practice worldwide and a representative patient sample.
As far as we know, this study was conducted in one of
the largest groups of patients over 80 years of age with
multivessel coronary artery disease who were treated
with PCI for acute coronary syndrome, with a significant
percentage of them undergoing CR.

Conclusions

Multivessel coronary artery disease is a very common
finding in patients aged over 80 years admitted for acute
coronary syndrome. CR decreases the incidence of major
coronary events, overall mortality and cardiac mortality in
this patient group. Complete coronary revascularization
can be carried out safely in very elderly patients without
increasing the risk of complications. The most important
factors increasing the 1-year risk of MACE are ST-segment
elevation MI, low ejection fraction, and Killip class III-IV
acute heart failure. Radial access, the use of drug-eluting
stents and CR are associated with a lower risk of MACE.
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