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Abstract Background We aimed to recognize the predictors of long-term major adverse car-

diac events (MACE) in the elderly candidates for elective percutaneous coronary inter-
vention (PCl) in relation to gender at our center.

Methods In this retrospective cohort study, we reviewed the data of the elderly
patients (age 270 years) who underwent elective PCl who met our study criteria in our
institution during 2008 and 2018. Demographical data, clinical history, angiographic
details, PClI procedure, and follow-up data of the patients enrolled in the study were
studied by using the angiographic and PCl procedure details. Patients were character-
ized in the study group as those with or without MACE, which were then compared
and analyzed using the statistical analysis in a univariable and binary linear regression
analysis.

Results A total of 355 elderly patients (older than 70 years) undergoing elective PCl were
selected who fulfilled the inclusion criteria; 277 patients were men and had more comor-
bidities, including hypertension, diabetes mellitus (DM), chronic obstructive pulmonary
disease, history of heart failure, previous coronary artery bypass graft, and presentation
with acute coronary syndrome. MACE occurred in 24 events patients of whom 20 were
suffering from DM. Binary logistic regression showed that the only determinant for the
1-year follow-up outcome is diabetes (p = 0.000). Even in univariate analysis, DM (0.01) is
the determinant. DM is a strong predictor for death in univariate analysis (p = 0.00).
Conclusion PClis a safe and effective method of coronary revascularization in elderly
patients, and some risk factors can predict long-term MACE in this group of patients.

Keywords

= elderly population

= diabetes mellitus

= major adverse cardiac
events

= percutaneous coro-
nary intervention

either by coronary artery bypass graft (CABG) or percutane-
ous coronary intervention (PCI). Elderly patients have signif-
icant comorbidities and risk factors, which preclude them, to
undergo CABG. Relatively less invasive methods, like PCI, are
preferred in the elderly, and gradually the number of elderly
patients for revascularization procedures like PCI is on the
rise. Elderly people have several comorbidities and are usu-
ally not in a healthy condition, and most of the risk factors
are the cause for mortality and morbidity following coronary
revascularization.

Introduction

The world’s population is increasing at a rapid pace, and
the aging population is also increasing; an increase in the
life expectancy of the aging population has resulted in the
increased prevalence of non-communicable diseases, partic-
ularly cardiovascular diseases and coronary artery disease
(CAD). So there is an increased number of elderly people who
present with chronic stable angina and acute coronary syn-
drome (ACS) who are referred for coronary revascularization,
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Nevertheless, elderly patients are less likely to undergo
revascularization than younger patients, despite having
more extensive CAD. Age alone is often the main reason
why PCI is avoided. Moreover, elderly patients are often frail
and have multiple comorbidities, which increase the risks
associated with PCI. Over the last decades, advancement
in PCI outcomes has led to an increasing number of elderly
patients undergoing revascularization for symptomatic CAD.

Several studies have discussed the risk factors for mor-
tality and outcome of CABG in the elderly,'? but the number
of studies on the predictors for major adverse cardiac events
(MACE) following PCl is limited. As of now, higher age; female
gender; urgent or primary PCI; multivessel disease; hemody-
namic instability; renal insufficiency; and some other clini-
cal, angiographic, and procedural factors have been described
as predictors for MACE in the elderly in some studies.>*®
However, the results of many of these studies are inconsis-
tent, and this may be due to the differences in the clinical
settings, and ethnic and genetic factors; more studies are
required to reach an opinion for predicting factors that are
responsible for MACE. Moreover, most studies have shown
that in-hospital and short-term MACE, but not the long-
term outcomes. In this present study, we studied the various
predictors of long-term MACE in the elderly candidates
for elective PCI at a tertiary care center for cardiovascular
diseases.

Material and Methods

In this retrospective cohort study, we have studied the details
of elderly patients (age 270 years) who underwent elective
PCI at our center between 2008 and 2018. Inclusion criteria
were age >70 years; single- and multivessel disease; normal,
mild, moderate, and severe left ventricular systolic dysfunc-
tion; and complete follow- up data, unless the study end-
point occurred. Incomplete clinical and angiographic data,
patients who had primary or early PCI within 24 hours after
acute myocardial infarction, chronic kidney disease (CKD),
cardiogenic shock, and patients whom we could not do
follow-up even for 1 year were the main exclusion criteria.
Demographic data, clinical history, angiographic data, and PCI
procedure data of the selected patients were retrieved based
on the study criteria from the angiography/PCI records of our
center. Demographic data included age and sex, and anthro-
pometric measurements of weight and height for calculating
body mass index (BMI). The clinical history comprised car-
diovascular risk factors, including diabetes mellitus (DM),
hypertension, dyslipidemia, smoking, and family history of
CAD. Other details that were collected included previous
CABG or PCI, presence of peripheral vascular disease or cere-
brovascular accidents, ejection fraction based on echocardi-
ography before the intervention, as well as the angiographic
and angioplasty data. The PCI procedures were performed
based on the standard techniques with either radial or femo-
ral approach. Based on our routine, all patients received 300
to 600 mg loading dose of clopidogrel plus 325 mg of aspirin,
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rosuvastatin 40 mg before the procedure, and 70 to 100 IU/kg
intravenous unfractionated heparin during PCIL.

The clinical follow-up data were collected by scheduled
clinic evaluations or direct telephone interviews at 15 days,
1 month, 6 months, and every yearly. All events were
recorded from the time of intervention. MACE was defined as
the occurrence of one or more of the following items within
at least 5 years after PCI: (1) cardiac death, (2) myocardial
infarction, (3) CABG, (4) re-hospitalization due to unstable
angina, (5) target vessel revascularization (TVR) or target
lesion revascularization (TLR), and (6) heart failure. Patients
were characterized in the study group as those with or with-
out MACE, and their data were then compared and analyzed
using the statistical analysis in a univariable and binary linear
regression analysis to identify the predictor determinants for
MACE. Chi-square test and student’s t-test were used to know
the significance between the continuous and discrete data. A
p value of <0.05 is taken as significant level; descriptive sta-
tistics were done using SPSS software version 21 (Quarry Bay,

Hong Kong).

Results

The patients were older than 70years, and of all the
355 patients underwent elective PCI. There were more men
than women in the elderly patients aged 70 years and they-
had comorbidities, including hypertension, diabetes, chronic
obstructive pulmonary disease, history of heart failure, pre-
vious CABG, and presentation with the acute coronary syn-
drome (=Table 1). They are less likely to be current smokers
and to present with ST segment elevated myocardial infarc-
tion (STEMI).

The differences in risk factors and laboratory parameters
are listed in =Table 2 and the demographic, clinical, and PCI
follow-up between both sexes along with p values are noted
in =Table 3. Female elderly patients were more anemic
(p =0.000) with less GFR (p = 0.002).

As mentioned in =Table 3, the only prominent difference
between both the genders was BMI other than smoking.
Women had lesser BMI (p = 0.000); there were lesser smokers
among women (p = 0.000).

In a total of 355 elderly patients, 24 events occurred in
1 year. The descriptions of the events are mentioned in
=Table 4. Mortality occurred in 6 (25%) patients.

Univariate analysis (=Table 5) showed that DM (0.01) was
the determinant for the occurrence of events. In addition, in
the subgroup analysis of events, DM was a strong predictor
for death (p = 0.00). This analysis did not show any other cor-
relating parameters with the follow-up events.

Binary logistic regression (=~Table 6) also showed that the
only determinant for the 1-year follow-up adverse outcome
was diabetes (p = 0.000).

DM was more (83.3%) in patients who had MACE (20 out
of 24), whereas DM was there in 64.1% in the group who did
not have MACE (221 out of 331) (=~Fig. 1), which was statisti-
cally significant (p = 0.02). = Fig. 2 is showing in events in the

patients with DM.
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Table 1 Demographic and laboratory data of the study
population
Variable Mean + standard
deviation
Age (y) 74.23 £4.21
* Male 247 (69.5%)
< HTN 273 (76.9%)
« DM 232 (65.35%)
« SM 42 (11.83%)
.« CSA 234 (65.9%)

LV dysfunction present

104 (29.29%)

* Previous PCl 54 (15.21%)

+ CABG 26 (7.32%)

* Systolic BP (mm Hg) 158.86 * 32.05
* Diastolic BP (mm Hg) 72.74£14.15
* RBS 143.58 + 66.77
* Leucocyte count 8,617 +2,699
» Hemoglobin (g[%]) 12.25+£1.45

* PCV 33.89+5.62

* Platelet count 2.23+0.78

* Blood urea 34.22+16.91
* Serum creatinine 1.15+£0.38

* GFR 51.7 +18.03

* Na* 137 +£10.16

o K* 4.02 £0.81

* Total cholesterol 149 +29.07

* LDL 77.30 +28.47
* HDL 39.04+11.86
* VLDL 32.38+£29.59
* Triglycerides 112.63 £49.20
* Ratio (cholesterol/HDL) 3.64+1.22

* BMI 24.9 +3.37

Abbreviations: BMI, body mass index; BP, blood pressure; CABG, coronary
artery bypass grafting; CSA, chronic stable angina; DM, diabetes
mellitus; GFR, glomerular filtration rate; HDL, high-density lipoprotein;
HTN, hypertension; K, potassium; LDL, low-density lipoprotein; Na*,
sodium; PCl, percutaneous coronary intervention; RBS, random blood
sugar; PCV, packed cell volume; SM, smoker; VLDL, very low-density
lipoprotein.

Discussion

In the present study, we analyzed the risk factors which
predict MACE in patients older than 70 years who under-
went PCI in our center. We found that when compared
between male and female sexes, presence of higher BMI
and smoking were risk factors for MACE. However, as BMI
is high in men because of high body surface area (BSA),
when corrected to BSA the utility of BMI as a long-term
predictor for MACE is not reliable. Similarly, smoking in
Indian women patients is less and also under-reported, so
it is less reliable as a predictor for MACE. The MACE in our
population occurred in 24 patients, of whom 20 had DM,;
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212 patients had no events out of a total of 232 patients
with DM. Clinical research in the elderly, who have signif-
icant comorbidities and whose population is increasing
rapidly, is a crucial issue.” Cardiovascular disease is the
leading cause of death all over the world, and the number
of patients undergoing elective PCI is increasing day by day
for coronary revascularization.® PCI is currently taken as
a method for revascularization in the elderly.® Therefore,
studying the predictors for long-term MACE in the elderly
patients who are subjected to elective PCI is an important
issue as they have a higher rate of MACE as compared with
the younger patients who underwent elective PCIL.1!!

Several research studies have been done to evaluate the
short-term predictors of adverse outcomes MACE in the
elderly following the elective PCI, but then there is a paucity
of research conducted for the long-term MACE outcomes in
elderly people who underwent elective PCL In one study,
older age was a risk factor for MACE, and renal, neurologi-
cal, and access-site complications were all more frequent
in the very elderly (285 years) patients. Based on the data
of a large PCI registry, hemodynamic instability and acute
ST-elevation myocardial infarction were the strong predic-
tors for in-hospital mortality and morbidity in patients with
age 275 years who underwent primary PCI. Causative factors
for death also include the periprocedural complications like
contrast-induced nephropathy and stroke, which account for
the powerful determinants in the elderly population who
are undergoing elective PCl. Other studies which analyzed
the influence of age on the procedural success and long-
term outcomes following primary or elective PCI in elderly
patients showed that decreased ejection fraction, not the
age, was the most reliable predictor of mortality at 1 year; so,
elective PCI in the elderly population is a better choice as the
rate of MACE depends on the LV function.??

To study the long-term outcomes of PCI and their pre-
dictors in the elderly, a study conducted by Boudou et al
with a follow-up of 51.3 months has shown that older age,
LVEF <40%, high creatinine level, and prior carotid surgery or
stroke were the independent predictors of long-term mor-
tality.”® Gao et al studied that elderly women have the most
significant risk factors for MACE in a 3-year follow-up study.'
In a study with a 5-year follow-up of 201 cases conducted
by Chen et al, recognized incomplete revascularization is
the only predictor of adverse outcomes following PCI in the
elderly.” Similarly, a study conducted by Hoebers et al showed
that procedural success and diabetes mellitus were the inde-
pendent predictors of MACE in the patients aged >75 years,
which is similar to our study group.'® In our study, we have
only selected patients with successful PCI; therefore, the effect
of unsuccessful PCI on MACE could not be assessed, which
is one of the limitations of our study. A study conducted in
Mexico by Miranda et al showed that heart failure, cardiogenic
shock, DM, TIMI flow O to 2 before and after intervention, and
A-V block or atrial fibrillation as the long-term predictors of
MACE."” Hypertension was the only predictor of all-cause mor-
tality in patients aged >75 years in another study conducted
by Schroder.'® A study conducted by Sinning et al showed that
combined model of angiographic and clinical characteristics,
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Table 2 Gender differences in elderly patients who underwent PCI

Variable Male (n = 247) Female (n = 108) p-Value
HTN 188 (76.1%) 85 (78.7%) 0.588
DM 163 (65.9%) 69 (63.89%) 0.703
SM 40 (16.2%) 2(1.8%) 0.000
CSA 168 (68.01%) 66 (61.11%) 0.214
SVD 169 (68.4%) 67 (62.03%) 0.248
Radial route 168 (68.01%) 73 (67.5%) 0.937
Leucocyte count 8,545+ 2,832 8,780 +2,379 0.518
Hemoglobin 12.59+1.39 11.48 £1.32 0.000
PCV 33.89+5.93 33.89+5.93 0.986
Platelet count 2.260+0.774 2.188 £0.817 0.542
Urea 33.7+15.7 35.4+194 0.454
Creatinine 1.169+0.338 1.115 £ 0.465 0.324
GFR 54.4+18.5 46.3+15.9 0.002
Na* 136.79 £7.50 137.5+14.7 0.702
K* 3.938+£0.779 4.208 +0.824 0.019
RBS 142.1 £65.7 147.7 £70.2 0.647
Total cholesterol 146.9 + 23.7 152.9 +38.7 0.681
HDL 384+11.7 40.2+12.7 0.731
LDL 70.9 £23.1 90.0 £ 35.1 0.168
VLDL 29.9+18.3 37.1+£45.0 0.655
Triglycerides 112.7+£52.7 112.4+443 0.989

Abbreviations: CSA, chronic stable angina; DM, diabetes mellitus; GFR, glomerular filtration rate; HDL, high-density lipoprotein; HTN, hypertension; K*,
potassium; LDL, low-density lipoprotein; Na*, sodium; PCl, percutaneous coronary intervention; RBS, random blood sugar; PCV, packed cell volume;
SM, smoker; VLDL, very low-density lipoprotein.

Table 3 Gender differences in demographic and clinical parameters in elderly patients who underwent PCI

Variable Male Female p-Value
No 244 105

> Age(y) 74.33+£4.17 74.11£4.30 0.662
* BMmI 25.48 £3.05 23.58 £3.71 0.000
« HTN 185 (75.8%) 84 (80%) 0.381
* DM 160 (65.6%) 66 (62.8%) 0.628
« SM 40 (16.4%) 2(1.9%) 0.000
« Type of CAD (CSA) 166 (68.03%) 64 (60.9%) 0.208
« LVD (yes) 66 (27.05%) 32(30.48%) 0.519
* Previous PCl 41 (16.8%) 13 (12.3%) 0.270
* Previous CABG 20 (8.2%) 5(0.47%) 0.207
« SVD 166 (68.03%) 67 (63.8%) 0.447
« Radial 167 (68.4%) 71 (67.6%) 0.880
* In-hospital events 9 (3.7%) 2(1.9%) 0.321
* occurred

* Follow-up events 13 (5.2%) 11(10.2%) 0.129

Abbreviations: BMI, body mass index; CABG, coronary artery bypass grafting; CSA, chronic stable angina; DM, diabetes mellitus; HTN, hypertension;
LVD, left ventricular systolic dysfunction; PCl, percutaneous coronary intervention; SM, smoker; SVD, single-vessel disease.

patients with high Euro score and high SYNTAX (The Synergy
between PCI with Taxus and Cardiac Surgery) score were at
higher risk for developing MACE within 3 years of follow-up.®

The study conducted by Uthamalingam et al showed that the

use of bare metal stent (BMS) had increased the risk of MACE

compared with those patients who are treated with DES.2°
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In our study, six deaths are reported; out of them three
had single-vessel disease (SVD) and the other three had mul-
tivessel disease (MVD), and all six patients had DM. DM is the
single strongest predictor of mortality in our group.

Similar to our findings, diabetes mellitus is shown as an
independent risk factor for mortality in the elderly with
chronic total occlusion treated by PCI.'6172122 This suggests
the devastating effects of diabetes mellitus on the body, in
particular to cardiovascular systems.

Future Perspective
Future research should be focused on the effects of DM on
the body, type of antiglycemic treatment, or the levels of gly-
cosylated hemoglobin or fasting blood sugar and duration of
DM on the occurrence of MACE in the elderly candidates who
undergo elective or primary PCI.

Large population, long-term follow-up period, and the
effect of various risk factors that predict MACE in the elderly
population are the strengths of our study.

Table 4 Description of MACE in the study population

Event description Number (%)
Death 6 (25%)

« CSA 1(4.16%)

* Heart failure 10 (41.6%)
 Subacute stent thrombosis 2 (8.33%)

* Statin-induced myopathy 1(4.16%)

* Re-PCI 2 (8.36%)

+ CABG 1(4.16%)

Abbreviations: CABG, coronary artery bypass grafting; CIN, contrast-in-
duced nephropathy; CSA, chronic stable angina; Re-PCl, repeat percuta-
neous coronary intervention; SVD, single-vessel disease.
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Limitations

This study had the following limitations.

» This is a single-center study, performed at a tertiary care
hospital.

* The effect of unsuccessful PCI on MACE could not be
assessed.

» Cases were spread over a decade; so, PCI gadgetry
improvements that also influence the PCI outcomes were

not included in the analysis.

Table 6 Binary logistic analysis to determine the factors for
MACE at 1 year

Variables Chi-square p-Value
Age 0.28 0.598
* BMI 2.11 0.146
* Sex 1.90 0.168
e HTN 0.52 0.472
* DM 6.68 0.01
* SM 0.01 0.931
* CSA 1.02 0.314
* LVD 0.12 0.731
 Previous PCl 0.99 0.32
* Previous CABG 0.30 0.586
* SVD 0.14 0.706
* Radial 2.30 0.129
* In-hospital events 1.94 0.164

Abbreviations: BMI, body mass index; CABG, coronary artery bypass
grafting; CSA, chronic stable angina; DM, diabetes mellitus; HTN, hyper-
tension; LVD, left ventricular systolic dysfunction; PCl, percutaneous cor-
onary intervention; SM, smoker; SVD, single-vessel disease.

Table 5 Comparison of clinical parameters between the groups who had events versus without events

Variable With follow-up events Without follow-up events p-Value
No 24 331

« Age (y) 742+56 742 +4.1 0.12
* BMmI 23.8+34 24,98 £3.4 0.99
* Sex (male) 13 (54.2%) 234 (70.7%) 0.12
« HTN 18 (75%) 255 (757.03) 0.82
- DM 20 (83.3%) 212 (64.1%) 0.02
< SM 2(8.3%) 331(12.1%) 0.52
« Type of CAD (CSA) 18 (75%) 216 (65.3%) 0.29
* LVD (YES) 8(33.3%) 91 (27.9%) 0.56
* Previous PCl 2(8.3%) 52 (15.7%) 0.22
* Previous CABG 3(12.5%) 23 (6.9%) 0.42
* SVD 17 (70.8%) 219 (66.2%) 0.63
* Radial 13 (54.2%) 228 (68.9%) 0.16
* In-hospital events occurred | 2(8.3%) 10 (3.02%) 0.35

Abbreviations: BMI, body mass index; CABG, coronary artery bypass grafting; CSA, chronic stable angina; DM, diabetes mellitus; HTN, hypertension;
LVD, left ventricular systolic dysfunction; PCl, percutaneous coronary intervention; SM, smoker; SVD, single-vessel disease.
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Conclusion

In conclusion, PCI is safe and is an effective method of coro-
nary revascularization in elderly patients. We found that dia-
betes mellitus was an independent predictor of MACE in the
elderly. Gender, single- or multivessel involvement, and left
ventricular systolic dysfunction have an influence on MACE
in elderly. Univariate analysis showed that BMI and smoking
were also the risk factors seen in the men in our study, but not
in multivariate analysis.
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