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Abstract

Background: As population growth leads to an increase in the num-
ber of the elderly with coronary artery disease, an evaluation of the 
clinical outcomes of percutaneous coronary intervention (PCI) in the 
elderly patients seems to be essential.

Methods: A prospective, observational cohort study was performed 
on 468 patients in two groups of elderly and non-elderly patients 
(mean age: 60.01 ± 10.84 years; ≥ 70 years, 20.1%; men, 62%) who 
underwent PCI, to evaluate the procedural success and in-hospital 
major and minor adverse cardiovascular events in the elderly patients.

Results: The procedural success rate was significantly lower (95.7% 
vs. 99.5%, P = 0.017) and the rates of in-hospital complications were 
significantly higher (10.6% vs. 0.8%, P < 0.0001) in elderly (+70) 
than in non-elderly patients. On the basis of a multivariate analysis, 
being elderly was not an independent predictor of procedural failure, 
but increased the chance of in-hospital complications to 8% higher 
(odds ratio: 0.08; 95% confidence interval: 0.01 - 0.39; P = 0.002).

Conclusion: Regardless of the difference in the procedural success 
and in-hospital complication rates between our two study groups, ag-
ing is not an important predictor of them. Furthermore, PCI should 
not be refused in elderly patients if indicated.

Keywords: Elderly; Major adverse cardiovascular events; Percutane-
ous coronary intervention

Introduction

The growth of the country’s population age reflects the stage 

of the transition of the population structure from youth to ag-
ing. According to the results of 2011 census, assuming the 
stability of current trends of birth, aging of the population in 
2041 reaches about 20%. Accordingly, it is estimated that the 
beginning of the 15th century is the beginning of the growing 
elderly population in Iran [1, 2]. The increasing growth rate 
of elderly population compared to the country’s population 
growth and the projected increase in the number and propor-
tion of elderly in the coming years emphasizes the need for 
attention and care of more health and treatment in this age 
group with the aim of achieving more effective clinical and 
therapeutic approaches.

Increasing age is associated with increased incidence of 
atherosclerosis and cardiovascular diseases (CVDs), includ-
ing ischemic heart disease (IHD) and coronary artery disease 
(CAD). Today, more than any other disease in the developed 
world, IHD causes death and disability, and disability imposes 
a high economic cost. Epicardial coronary artery atheroscle-
rosis is the most common cause of myocardial ischemia. Age, 
left ventricular (LV) function, position and severity of coro-
nary artery stenosis and severity of myocardial ischemia are 
key indicators of prognosis in patients with IHD.

In general, if the number and severity of risk factors for 
atherosclerosis, such as hypertension, dyslipidemia, diabetes, 
morbid obesity, and history of myocardial infarction (MI) are 
more, the prognosis of patients with angina pectoris will be 
poor [3]. As a result, aging is an independent risk factor for 
atherosclerosis and prediction of cardiovascular events [4-6]. 
So, change of the age structure of the population will lead 
to a significant increase in the number of elderly patients 
with CVD, who underwent coronary revascularization [7]. 
Coronary revascularization consists of two main techniques: 
coronary artery bypass surgery (CABG) and percutane-
ous coronary intervention (PCI). More than half of patients 
with symptomatic IHD that needed revascularization can be 
treated with PCI. PCI is the most common method of revas-
cularization in America and often is done twice as CABG. 
Balloon angioplasty and coronary stenting are the basis of 
PCI. Successful PCI compared to CABG is less costly and 
less invasive, requires a shorter hospital stay and provides 
patient earlier for resuming his active life. At the same time, 
the possibility of the repetition of angiography and the need 
for revascularization in PCI group are more than in CABG 
group. For this reason, its economic advantage is reduced 
over time because of more need to follow-up and probably a 
repeat of the actions [3]. Recently, several trials showed the 
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effectiveness of PCI versus medical therapy in patients with 
symptomatic CAD. Significant improvement in symptoms, 
increased quality of life and reduced major adverse cardiovas-
cular events in 1-year trials on comparing these two treatment 
approaches have been in favor of PCI. In the elderly popula-
tion, revascularization with PCI method is more efficient and 
effective than medical therapy to relieve symptoms and qual-
ity of life. However, after a year of starting both treatments, 
the primary differences raised in favor of PCI are dimmed 
[7-10]. Elderly patients are more likely to have significant co-
morbidities and more complex and chronic coronary lesions 
[11]. Therefore, aging can be stated as a factor for the occur-
rence of a lower rate of the success of PCI. This faces both 
the patient and physician with uncertainty to perform PCI as 
the optimal treatment for the elderly. So far, the clinical out-
comes of PCI in elderly patients are not clear, so evaluation of 
clinical implications of this therapeutic approach for elderly 
patients in our country is essential. Accordingly, the purpose 
of this trial is to evaluate the practical success of PCI and 
the incidence of complications during the hospital stay in the 
elderly patients.

Materials and Methods

Study population

This was a prospective cohort study. Patients over 70 years old 
or lower with CAD ((acute coronary syndrome/stable angina) 
and candidates for PCI (n = 486) referred to the Shahid Be-

heshti Hospital of Qom, in October 2014 to August 2015 were 
assigned into two groups.

Study method

In this prospective study, patients referred to Shahid Beheshti 
Hospital of Qom during October 2014 to September 2015, af-
ter clinical and diagnostic assessment, candidates for angio-
plasty in the center according to the inclusion criteria, were 
studied. At first, the demographic data of patients, including 
age, gender, underlying diseases (diabetes, hypertension, 
dyslipidemia, and heart failure (HF)), clinical records (atri-
al fibrillation (AF), CABG, PCI, intracerebral hemorrhage 
(ICH), MI, cerebrovascular accident (CVA) and smoking) and 
therapeutic measures were recorded in a designed checklist. 
Moreover, based on the results of echocardiography and an-
giography, the left ventricular ejection fraction (LVEF) level 
and type of coronary artery of the patients were identified 
and inserted into the checklist. The anatomical success was 
defined as the attainment of a residual diameter stenosis of 
20% and normal epicardial flow (TIMI-3 flow) and practical 
success was considered an anatomical success without major 
complication and relevant complications during hospitaliza-
tion were examined.

Data collection

Data were collected with reference to the information recorded 
in patients undergoing PCI.

Table 1.  Demographic and Clinical Characteristics of Patients Separately in the Two Age Groups

Variables Total Age < 70 years Age ≥ 70 years P-value
Number 468 374 (79.9%) 94 (20.1%) -
Mean age 60.01 ± 10.84 55.93 ± 7.64 76.28 ± 4.59 < 0.0001
Male 290 (62%) 421 (64.4%) 49 (52.1%) 0.028
Blood pressure 349 (74.69%) 276 (74.0%) 73 (77.7%) 0.465
Dyslipidemia 261 (55.8%) 215 (57.6%) 46 (48.9%) 0.129
Diabetes 189 (40.4%) 153 (41.0%) 36 (38.3%) 0.631
Chronic renal failure 53 (11.3%) 30 (8.0%) 23 (24.5%) < 0.0001
Smoking (current or previously) 169 (36.3%) 144 (38.5%) 25 (26.6%) 0.041
History of ICH 1 (0.2%) 0.00 1 (1.1%) 0.201
History of CVA 9 (1.9%) 8 (2.1%) 1 (1.1%) 0.695
History of MI 88 (18.8%) 70 (18.7%) 18 (19.1%) 0.924
History of PCI 50 (10.7%) 41 (11.0%) 9 (9.6%) 0.697
History of CABG 17 (3.6%) 15 (4.0%) 2 (2.1%) 0.544
Heart failure 32 (6.8%) 20 (5.3%) 12 (12.8%) 0.011
Atrial fibrillation 8 (1.7%) 5 (1.3%) 3 (3.2%) 0.204
Cardiogenic shock 5 (1.1%) 5 (1.3%) 0.00 0.588
LVEF 46.98 ± 10.17 47.62 ± 9.82 44.41 ± 11.18 0.080
Left ventricular dysfunction 105 (22.4%) 75 (20.1%) 30 (31.9%) 0.014
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Data collection tools

A checklist and angiography report was used for collecting 
data.

Data analysis

All data collected were analyzed by SPSS 22. For qualitative 
variables, relative and absolute frequencies were calculated, 
and for quantitative variables, the mean and standard deviation 
were calculated. To determine the relationship between vari-
ables, Chi-square test or Fisher’s exact test and Phi and Cram-
er’s V and Pearson/Spearman correlation coefficients, with a 
significance level less than 0.05 were used. To determine the 
effect of independent variables on the dependent variables of 
the study, the multivariate logistic regression test was used.

Results

Demographic and clinical characteristics of patients in the two 
groups separately are shown in Table 1. Of 486 patients in the 
study, 20.1% were aged above 70 years with a mean age of 
76.28 ± 4.59 years. Of the patients, 62% were men and sex 
composition of the two age groups was significantly different, 
so that the ratio of men to women in the age group below 70 
years was higher (64.4% vs. 52.1%; P = 0.028).

Rates of comorbidities such as diabetes, blood pressure, 
dyslipidemia and the history of ICH, CVA and MI in the two 
groups were not significantly different, although the preva-
lence of diabetes and dyslipidemia and the history of the CVA 
in younger patients was higher. At the same time, the preva-
lence of chronic renal failure and HF in the elderly was signifi-
cantly higher (chronic kidney injury (CKI): P = 0.0001; HF: 
P = 0.011). Furthermore, LV dysfunction in the elderly was 

Table 2.  Manifestations of the Coronary Artery Disease and Method for Performing PCI

Variable Total Age < 70 years Age ≥ 70 years P-value
Acute coronary syndrome 282 (60.3%) 218 (58.3%) 64 (68.1%) -
Unstable angina 126 (26.9%) 96 (25.7%) 30 (31.9%)
NSTEM 71 (15.2%) 57 (15.2%) 14 (14.9%) 0.316
STEM 85 (18.2%) 65 (17.4%) 20 (21.3%)
Stable angina 186 (39.7%) 156 (41.7%) 30 (31.9%)
SVD 301 (64.3) 251 (67.1%) 50 (53.2%)
2VD 124 (26.5) 93 (24.9%) 31 (33.0%) 0.032
3VD 43 (9.2%) 30 (8.0%) 13 (13.8%)
PCI method - - -
DES use 461 (98.5%) 370 (98.9%) 91 (96.8%) 0.148
BMS use 7 (1.5%) 4 (1.1%) 3 (3.2%)

Figure 1. Ratio of the frequency of coronary artery atherosclerosis in two age groups.
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more than in younger patients (31.9% vs. 20.1%; P = 0.014) 
(Table 1).

In this study, 98.5% of patients using DES and only seven 
cases with BMS were under PCI. The PCI procedure in the two 
groups was not significantly different (P = 0.148) (Table 2).

There was a significant relationship between elderly (over 
70 years) and synchronous coronary multi-vessel stenosis 
(Cramer’s V = 0.121, P = 0.032 and 44.8% vs. 32.9%) (Fig. 
1). According to Cramer’s V coefficient, the intensity of the 
relationship is weak. Percentage of elderly patients with multi-
vessel coronary disease is more than patients under 70 years 
that shows the more prevalence of synchronous coronary mul-
ti-vessel stenosis in the elderly.

The manifestation of CAD in 60.3% and 39.7% of patients 
was in the form of ACS and stable angina, respectively. Al-
though the percentage of manifestation of ACS in the elderly 
was higher, no significant difference was observed between the 
two age groups as well as no significant relationship between 
aging and the manifestation of CAD (68.1% vs. 58.3%, Cram-
er’s V = 0.87, P = 0.316) (Fig. 2).

The percentage of occurrence of any of the side effects 
separately in two age groups is expressed in Table 3. Overall, 

2.8% of patients have complicated that more percentage of the 
patients were elderly (three patients below 70 years versus 10 
of the elderly population (P = 0.0001).

The practical success of PCI was obtained in 98.6% of pa-
tients. Due to a higher incidence of major adverse cardiovascu-
lar complications in elderly patients during hospitalization, the 
practical success of PCI significantly in the target age group 
(over 70 years) was lower (99.5% vs. 95.7%, Phi-Cramer = 
0.132; P < 0.017).

Based on the results of the multivariate logistic correla-
tion test, only one factor has been known in the success of 
PCI effective action. In this study due to the countable num-
ber of practical failures of PCI, AF is considered as the only 
independent variable to predict the practical success of PCI. 
Chance of success in patients with AF was 2% less than oth-
ers (odds ratio (OR): 0.02; 95% confidence interval (CI): 0.00 
- 0.54; P = 0.018). Also, according to the multivariate correla-
tion test results, aging independently does not affect the suc-
cess of PCI and practical chance of success or failure of PCI 
will not be affected by old age (Table 4).

Based on Pearson’s and Spearman correlation results, 
older age, a history of CVA, the risk of HF and AF have a 

Table 3.  Complications After PCI During Hospitalization

Variables Total Age < 70 years Age ≥ 70 years P-value
Uncomplicated 455 (97.2%) 371 (99.2%) 84 (89.4%)
Long hospitalization 5 (1.1%) 0.00 5 (5.3%) 0.0001
Contrast-induced kidney damage 5 (1.1%) 2 (0.5%) 3 (3.2%)
ACS 1 (0.2%) 0.00 1 (1.1%)
Emergency revascularization with CABG 1 (0.2%) 1 (0.3%) 0.00
Occurrence of death for any cause 1 (0.2%) 0.00 1 (1.1%)

Figure 2. Frequency of different manifestations of CAD in two age groups of the patients.
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significant but weak correlation with the practical success of 
PCI. The strongest factor associated with the practical failure 
of PCI is the incidence of AF. Aging, especially aged 75 years, 
has a weak significant relationship with the practical success 
of PCI, so that along with increasing age, the success rate will 
be decreased (Table 5).

Discussion

In the study conducted by Pourhosseini et al, the study popu-
lation was only 1.2% of the patients above 80 years of age 
to 17 years, who were undergoing PCI in angioplasty in Teh-
ran Heart Center [12]. Percentage of population aged over 80 
years in our study compared to study conducted by Pourhos-
seini et al indicates that perhaps in recent years, in addition 
to the results of several clinical trials of more advantage of 
early aggressive approach compared to conservative support-
ive therapies in older adults [8], the overall sensitivity of inter-
ventional cardiologists to perform the aggressive intervention 
and selecting treatment approach of PCI in elderly patients has 
been less.

In the present study, the concurrent prevalence of coro-
nary multi-vessel stenosis in the elderly was more and elderly 
patients were with comorbidities more than non-elderly. The 
prevalence of diabetes, dyslipidemia, and smoking in the age 
group below 70 years was more, while the more elderly were 
with high blood pressure, HF, CKD and AF and lower percent-
age of LVEF. In a similar study, Feldman et al showed that 
the risk of high blood pressure, HF, kidney failure and multi-
vessel coronary disease in elderly patients above 87 years has 
been the most common; on the other hand, the prevalence of 
smoking in younger patients has been significantly higher than 
the elderly [13]. In a similar study, Feldman et al showed that 
the risk of high blood pressure, hf, kidney failure and multi-
vessel coronary disease in elderly patients above 87 years has 
been the most common; on the other hand, the prevalence of 

smoking in younger patients has been significantly higher than 
the elderly [13].

In a 7-year prospective study conducted by Cathy et al, in 
total, 11.1% of patients were over 70 years old and the number 
of elective PCI in the seventh year increased up to twofold 
the first year, and annually the number of elderly patients was 
added. The prevalence of multi-vessel disease and multiple 
comorbidities and a history of MI and CABG were higher in 
elderly patients. Of course, similar to our study, the preva-
lence of diabetes was not a significant difference in the two 
age groups. On the other hand, unlike the present study, the 
prevalence of smoking in the elderly and non-elderly patients 
was almost same and every year, in both age groups decreased 
significantly. The study also reveals that a significant increase 
in the number of PCIs during the time indicates the change of 
attitude in selecting the patient. In fact, over time, the vascu-
lar intervention by the PCI approach has had more outbreaks 
among the elderly due to the adverse clinical conditions and 
the more severity of coronary atherosclerosis lesions; in ad-
dition, compared to the former, younger patients with vascu-
lar lesions tend to treat with PCI more than medical treatment 
[14].

According to the results of multiple trials of better progno-
sis and improved clinical outcomes for angioplasty using DES 
[7], the experts’ approach in 98% of cases in this study has 
been the use of DES in patients. In a similar study, a stent was 

Table 4.  Multivariate Logistic Correlation Test for Practical 
Success of PCI

Variables OR 95% CI P-value
Aging (+70) 0.00 0.00 0.999
Male 0.37 0.03 - 3.93 0.416
Dyslipidemia 2.81 0.23 - 34.02 0.416
Hypertension 1.87 0.21 - 16.41 0.571
Diabetes mellitus 0.81 0.10 - 6.06 0.838
History of CVA 0.74 0.00 - 54.39 0.621
Smoking 3.71 0.28 - 47.94 0.315
History of MI 0.84 0.17 - 3.98 0.827
Arterial fibrillation 0.02 0.00 - 0.54 0.018
Heart failure 0.98 0.00 - 3.13 0.205
Multi-vessel coronary disease 1.33 0.23 - 5.27 0.883
LV dysfunction 4.14 0.17 - 9.99 0.381

Table 5.  Results of Spearman Correlation Test of the Relation-
ship of Each Variable With the Practical PCI Success

Variable Pearson’s correlation  
coefficient (rs) P-value

Age (< 70 vs. ≥ 70) 0.132 0.004
Age (< 70 vs. ≥ 75) 0.190 0.000
Male gender 0.011 0.812
ACS 0.011 0.815
Cardiogenic shock 0.012 0.798
Dyslipidemia 0.014 0.771
Hypertension 0.021 0.648
Diabetes mellitus 0.022 0.633
Chronic kidney injury 0.041 0.379
Smoking 0.046 0.319
History of MI 0.006 0.893
History of CVI 0.122 0.008
History of ICH 0.005 0.909
Heart failure 0.120 0.010
Arterial fibrillation 0.278 0.000
LV dysfunction 0.030 0.521
History of PCI 0.039 0.395
History of CBAG 0.022 0.633
Injured coronary artery 0.037 0.430
PCI approach 0.014 0.762
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used in 91.9% that the DES includes 43.3% of the stents and 
its use in the elderly has been clearly less than younger pa-
tients [12]. While the success rate of primary PCI was similar 
in the two age groups, elderly patients showed a higher rate of 
the practical failure of the PCI. Although the rate of ischemic 
attacks and death in the elderly was more than non-elderly pa-
tients, the incidence of MACE showed a very poor with aging. 
The length of stay, renal complications, cardiac arrhythmia 
and significant localized bleeding in the elderly were seen sig-
nificantly higher than in patients under 70 years. Among the 
patients, the elderly due to more complex vascular lesions and 
weaker clinical situations and narrower adjustment capacity 
are more prone to cardiovascular major side events and mi-
nor complications. Our study had results similar to Miura et 
al’s study of the clinical outcomes of in-hospital PCI in older 
adults less than 67 years, despite 22.9% of elderly patients that 
showed a success rate of angiography in elderly patients is no 
different from non-elderly patients, but the practical success of 
PCI in the elderly is significantly less. It was also observed in 
the rate of MACE and mortality during hospitalization in the 
elderly is clearly higher than younger patients [15].

Based on the CADILLAC trial, despite more risk factors 
in elderly people, which represent prognosis for the patient, 
the success rate of PCI is with similar results in elderly and 
younger patients. However, aging is independently in connec-
tion with prognosis for patient survival outcome in the short 
term or long term [16]. Also, Voudris et al studied 69 patients 
above 70 years and 333 patients younger than 70 years and saw 
that the practical success of PCI did not differ between the two 
groups [17].

In another study, the researchers estimated that PCI failure 
rate increases along with the increase of age, and mortality in 
patients older than 80 years, who were faced with the failure 
of PCI, is significantly more. In fact, the increase of mortality 
rates both during hospitalization and in the long-term was as-
sociated with increasing age. In multivariate analysis, success-
ful PCI was associated with the improved clinical outcomes in 
all age groups. In general, however, in the first, the PCI failure, 
adverse events, and mortality were observed more in the el-
derly, but the prognosis in cases of successful PCI of all ages 
was similar and acceptable [11].

In their study, Nouhi et al evaluated clinical outcomes of 
PCI, and found that the majority of patients had at least one 
of the risk factors for atherosclerosis, including hypertension 
as a common risk factor. However, the only factor associated 
with the practical failure of the PCI was the adverse events and 
mortality both during hospitalization and during follow-up of 
patients with cardiogenic shock on admission [18]. Our study 
showed that aging alone in no way affects the occurrence of 
PCI practical failure. While the PCI ending in failure was sig-
nificantly higher in elderly patients, the strong underlying fac-
tors for the higher rate of failure, AF, and heart failure are more 
common in elderly patients. In general, the results showed that 
the incidence of AF in the patients is the only independent fac-
tor affecting the practical failure of the PCI, and is associated 
the practical failure of PCI more than any other factor, so that 
the outcome of PCI in 25% of patients was not successful. In 
addition, it seems that a history of CVA and HF increased fail-
ure rates in patients. Also aging is not a strong factor for the 

prediction of in-hospital side effects and increases only an 8% 
chance of side effects (major and minor) in the patients, and 
the presence of HF, chronic renal failure, history (CVA and 
risk of AF), increase the risk of complications in patients more 
than age.

According to the studies conducted by Miura and Pourho-
sseini like the present study, aging is not a predictive factor of 
practical failure of PCI and the occurrence of MACE [4, 12]. 
Pourhosseini and colleagues demonstrated that the strongest 
predictive factor for PCI failure is type of coronary lesions, so 
more chronic, more serious and more widespread atheroscle-
rotic lesions more than aging are risky for PCI.

Study limitations

Although we tried to record and collect proper data about a 
momentous number of patients with CAD undergoing PCI by 
various experts in a health facility over a year, to assess the 
independent effects of age and other factors on the success or 
failure of the PCI and its complications still needs larger popu-
lation and larger sample size. On the other hand, however, in 
patients entering in this study in 1 year in succession, but in 
all cases of PCI, deciding how to do it or, if necessary, per-
form angioplasty on a few stages for high-risk patients, was 
the prerogative of the relevant specialist; as a result, there is a 
possibility of bias in patient selection and PCI. Furthermore, 
given that in this center, PCI is done only for elective, the re-
sults cannot be generalized to emergency cases of PCI and to 
assess the effect of age on the success or failure of PCI and its 
complications has been limited to selective and conservative 
terms in performing PCI.

Conclusion

While the results of the PCI during hospitalization showed a 
failure rate of PCI and the incidence of major adverse cardio-
vascular complications and complications leading to hospi-
talization longer in elderly patients significantly is higher than 
younger ages, but overall aging does not increase chances of 
practical failure of the PCI and the incidence and to be com-
plicated, and prognosis of the patients, most of all, is affected 
by underlying diseases and CAD in his or her situation. In ad-
dition, the accepted hospital prognosis, according to multiple 
internal and external trials, in the long term, the elderly profit 
favorable clinical outcomes of treatment by PCI approach, es-
pecially using DES, more than the maximum optimal pharma-
ceutical treatment. So, the decision to conduct a PCI based on 
the patient’s age does not seem to be logical.

Recommendations

In the study of prognosis of invasive interventions such as PCI, 
to strengthen the scientific foundations of research, in addition 
to the more accurate and more comprehensive follow-up of 
patients, taking multiple statistical populations concentratedly 
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and subsequently more size of the sample, is very important. 
So for the guidance of experts and relevant authorities and to 
provide strategic outcomes to health centers in the country and 
possibility of citation of results of internal research by other 
experts, to further explore the implications of PCI in elderly 
patients in our country, seems necessary.
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