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Abstract 

A proportion of elderly with coronary artery disease is rapidly growing. They have more severe coronary artery disease, therefore, de-
rive more benefit from revascularization and have a greater need for it. The elderly is a heterogeneous group, but compared to the younger 
cohort, the choice of the optimal revascularization method is much more complicated among them. In recent decades, results has improved 
dramatically both in surgery and percutaneous coronary intervention (PCI), even in very old persons. Despite the lack of evidence in elderly, 
it is obvious, that coronary artery bypass surgery (CABG) has a more pronounced effect on long-term survival in price of more strokes, while 
PCI is certainly less invasive. Age itself is not a criterion for the selection of treatment strategy, but the elderly are often more interested in 
quality of life and personal independence instead of longevity. This article discusses the factors that influence the choice of the revasculariza-
tion method in the elderly with stable angina and presents a complex algorithm for making an individual risk-benefit profile. As a conse-
quence the features of CABG and PCI in elderly patients are exposed. Emphasis is centered on the frailty and non-medical factors, including 
psychosocial, as essential components in making the decision of what strategy to choose. Good communication with the patients and giving 
them unbiased information is encouraged. 
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1  Introduction  

Recently, the segment of the elderly is rapidly growing 
among those who needed revascularization for stable coro-
nary artery disease.[1,2] However, there is no universally 
adopted definition of “elderly”, but it is believed that it 
represents the person of 70−75 years and older. This group 
of patients is heterogeneous, but compared with younger 
persons, they have more extensive coronary artery disease 
(CAD) and more comorbidity. There is strong evidence that 
elderly patients derive more benefit from revascularization, 
than younger ones.[3–5] Despite the fact that the biological 
age does not correspond to chronological age, this cohort of 
patients requires more attention in terms of a tailored ap-
proach to the risks and benefits of revascularization. In this 
paper, we will discuss evidence and factors for choosing 
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revascularization procedure in elderly patients with stable 
angina.  

2  Search strategy 

For this review, data were identified by searches of 
PubMed between 1 January 1980 and 1 July 2014 using the 
following terms: “PCI”, “cardiac surgery”, “CABG”, “coro-
nary artery surgery”, “stable angina”, “coronary revascu-
larization”, “elderly”, “older adults”, and “octogenarians”. 
Both full-text papers and abstracts were reviewed. Addi-
tional papers were identified from personal libraries and the 
reference lists of retrieved articles. 

3  Randomized controlled trials 

In the old AWESOME trial (The Angina With Extremely 
Serious Operative Mortality Evaluation) comparing groups 
undergoing percutaneous coronary intervention (PCI) and 
coronary artery bypass surgery (CABG), more than 50% of 
the patients were older than 70 years old. After three years 
of follow-up, survival in the two groups did not significantly 
differ (79% in the CABG group and 80% in the PCI group). 
In the subgroup of patients older than 70 years, in-hospital  
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mortality was higher in CABG patients. After three years of 
follow-up, no significant differences in survival were shown, 
however, the PCI group had a higher incidence of unstable 
angina and repeat revascularization.[6] 

Outcomes by age were examined in the BARI (Bypass 
Angioplasty Revascularization Intervention) trial. It showed 
that 30-day mortality in patients older than 65 years was 
higher than in younger ones, and did not differ for CABG 
and percutaneous transluminal coronary angioplasty (PTCA). 
Patients in the CABG group had a greater relief of angina 
and fewer repeat interventions, but more strokes. Five-year 
survival rate in the elderly was 85.7% for CABG and 81.4% 
for PTCA; cardiac mortality was higher in the PTCA pa-
tients with diabetes mellitus.[7] 

Pooled analysis of four stent trials [ARTS (Arterial Re-
vascularization Therapies Trial), ERACI II (Second Argen-
tine Randomized Trial of Percutaneous Transluminal Coro-
nary Angioplasty Versus Coronary Artery Bypass Surgery 
in Multivessel Disease), MASS II (Second Medicine, An-
gioplasty, or Surgery Trial), and SoS (Stent or Surgery)] 
confirmed these results.[8] 

Randomized trials, comparing coronary angioplasty and 
bare-metal stenting with cardiac surgery, established the 
evidence basis for the choice of the method of revasculari-
zation for a long time. But they have become obsolete The 
average age of patients was 60 years, patients with severe 
comorbidities, total chronic occlusions and severe stenosis 
of the left main coronary artery were not included. There 
were no more than 10% of potentially eligible patients par-
ticipating in trials, most of whom actually had one or 
two-vessel disease and normal left ventricular ejection frac-
tion. Hence, even if it could be extrapolated to the elderly, it 
would be relevant only to the healthiest of them. 

It’s that patient in whom the advantage of CABG com-
pared to PCI in survival, myocardial infarction (MI) and 
quality of life is less pronounced. Most of all, 8%−10% of 
patients from the PCI group crossed to CABG.[9,10] 

However, randomized trials have demonstrated the ad-
vantage of CABG in high risk patients in the context of 
long-term survival and treating angina. It was also shown 
that the incidence of recurring angina and repeated revascu-
larization was 2−4 times higher in subgroups of patients 
who underwent PCI.[9–13] Large meta-analyzes have con-
firmed these results.[14–16] 

Significant innovations both in PCI and cardiac surgery 
as well as in pharmacological accompaniment have taken 
place in recent decades: drug-eluting stents (DES) markedly 
reduce the rate of restenosis, and anesthetic and postopera-
tive care in surgery. Nonetheless, in these trials, antiplatelet 
therapy was received only by 20% of PCI patients, and left 
internal thoracic arteries, one of the most important predic-

tors of a favorable prognosis after CABG, were used only in 
10% of surgery patients.[17] 

In the middle of the first decade of the 21st century, DES 
have actively been used in clinical practice (up to 30% in 
some European centers), including patients with multivessel 
disease and left main disease, despite the fact that in clinical 
guidelines, CABG was still recommended as first-line ther-
apy.[18] The SYNTAX trial clearly defined the indications 
for PCI and CABG in complex CAD. In patients with mul-
tivessel coronary disease after a year of follow-up, no sig-
nificant difference in the incidence of myocardial infarction 
and mortality have been reported, but a five-year follow-up 
showed a higher mortality rate and major adverse cardiac 
events (MACE) in the PCI group compared with CABG, 
especially in patients with high SYNTAX-scores.[19] The 
average age was 65 years. There are no contemporary ran-
domized trials comparing DES and CABG in elderly patients. 

4  Registries 

Generalizability of randomized controlled trials (RCT) 
involving the elderly is limited due to a lack of frail patients. 
Mostly, they included relatively well-conditioned patients 
with good cognitive status and long life expectancy. In ac-
tual clinical practice, there is a bias on the choice of a given 
method of treatment. Thus, in the registries, we should ex-
pect more patients with frailty and comorbidities, so it will 
have more implications to physician’s reality. 

According to the APPROACH (Alberta Provincial Pro-
ject for Outcomes Assessment in Coronary Heart Disease) 
registry (patients enrollment from 1995 to 1998), which 
included more than 6000 patients older than 70 years, the 
survival rate in patients aged 70−79 years was 87.3% in the 
CABG group versus 83.9% in the PCI group; for patients 
older than 80 years 77.4% in the CABG group versus 71.6% 
in the PCI group. CABG patients had more extensive CAD, 
PCI patients had more comorbidities.[4] 

In the BARI-like registry,[20] there was a slight survival 
advantage of the CABG compared with PCI in all patients 
older than 70 years. Peterson, et al.[21] included more than 
230,000 elderly patients (≥ 75 years) from the registries. 
PCI patients had less comorbidity; most of them had 1−2 
vessel disease, whereas the majority of patients undergoing 
CABG had 3-vessel disease and more risk factors for car-
diovascular disease (CVD). Stents were used in 35%−58% 
of patients treated with PCI; left internal thoracic artery in 
52%−80% with CABG. After adjusting for the impact of 
potential omitted modifiers, in-hospital mortality was 3.0% 
of PCI and 5.9% for CABG. This trial also showed a sig-
nificant reduction in mortality for both procedures for the 
period from 1991 to 1999.[21] 
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In a large meta-analysis of 66 trials, analyzing revascu-
larization in patients 80−89 years, there also was a trend to a 
higher 30-day mortality among patients undergoing CABG 
(7.2% versus 5.4% in the PCI group) and comparable 
one-year and three-year mortality between the two strategies. 
After five years, meta-analysis demonstrated a trend to-
wards improved survival in the CABG (68% vs. 62% in 
PCI).[22] Many of the trials included in this meta-analysis 
were too outdated by current procedures (little use of stents 
and contemporary innovations of cardiac surgery). 

The most recent ASCERT trial included 86,244 CABG 
patients and 103,549 PCI consecutive patients from the So-
ciety of Thoracic Surgeons' database, the American College 
of Cardiology Foundation database, and Centers for Medi-
care and Medicaid Services (CMS) records from 2004 to 
2008. All included patients were ≥ 65 years, had multivessel 
disease (2 or 3 vessel disease) with stable angina. Primary 
outcome criterion was all cause mortality. To reduce treat-
ment selection bias, inverse-probability-weighting (IPW) 
adjustment was made and IPW-adjusted data were used to 
compare CABG and PCI with similar clinical characteristics. 
Even in the low risk subgroup [age < 75 years old, no dia-
betes, glomerular filtration rate (GFR) ≥ 60 mL/min, ejec-
tion fraction ≥ 50%], a long-term advantage of CABG was 
shown. Mortality after a year of follow-up was approxi-
mately the same in both groups. But after four years, Kap-
lan-Meier survival for PCI was only 79% of the survival 
measured for CABG (Figure 1). Diabetes, history of smok-
ing, heart failure and peripheral arterial disease were the 
predictors of CABG advantage.  

Limitation of all registries is the physician-patient choice 
(no randomization). The results may be influenced by the 
modifier, such as frailty, past surgery, limited ability to walk 
or care, personal patient preferences, or another. If frailty 

 
Figure 1.  Mortality after CABG and PCI in patients ≥ 65 
years.[23] CABG: coronary artery bypass surgery; PCI: percutane-
ous coronary intervention. 

was in 10% of CABG patients and in 35% of PCI patients 
and doubling the risk of mortality, it could explain the mor-
tality differences between two groups.[23] 

The advantage of CABG may be explained by the fact 
that there were many patients with more extensive CAD, in 
which the advantage of CABG has become more obvious; 
and perhaps most of the frail patients were in the PCI group 
due to fear of surgery.  

In the latest multicenter trial comparing PCI and CABG 
on more than 3000 patients, where the average age of the 
patients was 65 years, PCI had markedly higher MACE 
rates, including mortality after 7 years of follow-up.[24] Im-
portantly, the advantage of CABG increased more and more 
with the length of follow-up. The number of patients with 
3-vessel disease was three times higher in CABG group. 
The long-term survival advantage of CABG was reached at 
the price of higher incidence of early postoperative strokes 
(0.1% vs. 0.7%).[24] 

In a recent meta-analysis of registries, comparing DES 
and CABG in patients ≥ 75 years (n = 3864), no significant 
difference in mortality rates were shown as well as the 
number of strokes and myocardial infarctions between the 
two strategies during mean follow-up of 18 months. Repeat 
revascularization rates were significantly higher for patients 
who received DES. In addition, CABG was associated with 
lower stroke/MI/mortality rates for patients without chronic 
obstructive pulmonary disease (COPD) and with more than 
one factor of the four important risk factors (ejection frac-
tion, COPD, diabetes, and proximal left anterior descending 
disease with stenosis ≥ 70%). No adjustment for frailty, 
mental and social status was made.[25] 

Lessons arising from registries are: the more complex the 
lesion, the greater the benefit of CABG; on the other hand, 
the more comorbidities, the less the tolerance the CABG. 
Both CABG and PCI improve survival in elderly with stable 
angina and multivessel disease, but CABG has a more pro-
nounced and long-term effect at the expense of higher early 
mortality and strokes. 

5  Factors for consideration 

The risk of complications after both procedures (PCI and 
CABG) is associated not with chronological age itself, but 
with the physiological age: the numbers of comorbidities, 
patient activity, exercise capacity, mental status.  

For example, in patients ≥ 80 years without risk factors 
undergoing PCI, mortality was 0.79%, but in the presence 
of renal failure or ejection fraction less than 35%, mortality 
was 7.2%.[26] To make right choice, physician needs to take 
into account numerous factors as outlined in Figure 2. 
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Figure 2.  Algorithm for revascularization method selection. BMS: bare-metal stent; CABG: coronary artery bypass surgery; DES: 
drug-eluting stent; MI: myocardial infarction; LAD: left anterior descending artery; LV: left ventricular; MI: myocardial infarction; MID-
CAB: minimally invasive direct coronary bypass; OMT: optimal medical therapy; PCI: percutaneous coronary intervention. 

5.1  Anatomical 

As mentioned above, more extensive CAD leads to 
worsening outcomes after PCI. The percentage of calcifica-
tion of the coronary arteries significantly increases with 
age.[27] PCI in calcified plaques is often accompanied by 

periprocedural complications, and lead to inadequate dis-
closure of the stent and a large rate of restenosis.[28] Per-
forming PCI in the elderly could be limited because of se-
vere tortuosity of the vessels, which makes it difficult to 
manipulate the catheterization tools. 

In a recent meta-analysis comparing PCI and CABG for 
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left main disease in patients ≥ 70 years, 10 trials were stud-
ied with a total of 2,386 patients (PCI, n = 909; CABG, n = 
1477). No significant differences were found between PCI 
and CABG for all cause-mortality, nonfatal myocardial in-
farction, major adverse cardiac and cerebrovascular events 
at 30 days as well as at 12 and 22 months. However, PCI 
was associated with lower rates of stroke at 30 days [odds 
ratio (OR): 0.14, 95% CI: 0.02−0.76] and 12 months (OR: 
0.14, 95% CI: 0.03−0.60) and higher rates of repeat revas-
cularization at 22 months (OR: 4.34, 95% CI: 2.69−7.01). 
SYNTAX score was not estimated.[29] 

5.2  Diabetes mellitus 

In a large meta-analysis, Hlatky, et al.[16] indicated that 
5-year mortality in middle-aged patients with diabetes mel-
litus and stable multivessel coronary disease undergoing 
PCI was 20% and 12.3% for CABG. For ≥ 65 old patients 
in the CARDIA trial, comparing PCI (BMS and DES) and 
CABG in patients with multivessel disease, survival for 
CABG was higher than for PCI compared with younger 
patients (HR: 1.48 vs. HR: 1.04). However, the CABG 
group showed significantly more strokes.[30] 

According to the SYNTAX trial, the frequency of 
MACE after 1-year follow-up in patients with diabetes mel-
litus treated with paclitaxel DES was two times higher than 
in CABG.[30] These data were confirmed for non-elderly 
patients in two recent major meta-analyses comparing DES 
and CABG (mean age 63 years). CABG had a more pro-
nounced effect on the survival and decreasing the rate of 
myocardial infarctions, but stroke risk was significantly 
lower with DES. The rate of repeat revascularization was 
much higher in DES patients.[31,32] Thus, patients with dia-
betes mellitus and more severe CAD should undergo CABG, 
adjusted for the risk of stroke. 

There have been no RCT, comparing PCI and CABG in 
elderly patients with diabetes mellitus. 

5.3  Chronic kidney disease 

Chronic kidney disease (CKD), even with mild severity 
(the level of GFR 59−30 mL/min), increases the relative risk 
of morbidity and mortality in both CABG and PCI.[33–35] 
Perioperative mortality after CABG was 1.3% in patients 
with normal renal function, and 9.3% in patients with severe 
CKD, and 9% in patients on dialysis.[36] CKD also signifi-
cantly raises the risk of postoperative complications after 
both surgery and PCI. This is probably due to the continu-
ous ventilation of the lungs, and a higher incidence of 
bleeding. 

The trial on the basis of the registry APPROACH with 
8-year follow-up demonstrated that CABG improves out-

comes in patients with chronic renal failure, regardless of 
severity, and PCI effects were on survival only in patients 
on dialysis. Outcomes of CABG in patients with CKD not 
requiring dialysis were significantly better compared to PCI, 
probably due to the high frequency of restenosis (DES were 
not used), the low rate of complete revascularization, and 
acute renal failure after PCI.[37] 

In a large Duke University Hospital registry (n = 4584), 
PCI improved outcomes in patients with mild to moderate 
CKD, but not severe CKD. CABG improved outcomes in 
all groups compared to conservative therapy. The average 
age of patients with CKD not requiring dialysis in this trial 
was 72 years. Survival in the CABG group compared with 
PCI as a whole was significantly better (OR: 0.65, P = 
0.002).[38] 

Ashrith, et al.[39] showed that the risk of postoperative 
hemodialysis is significantly higher in the CABG group 
compared with DES-treated patients (OR: 3.2, P < 0.001). 
Long-term survival was better in the CABG group for pa-
tients with three-vessel, but not two-vessel disease [hazard 
ratio (HR): 0.61, P = 0.06 and HR: 1.12, P = 0.7, respec-
tively].  

Comparison of DES and CABG in patients with CKD (n 
= 1069) and multivessel disease, patients with two-vessel 
disease had no significant difference in the incidence of 
death (4.1% in the DES group vs. 3.1% in the CABG group, 
P = 0.633), myocardial infarction (4.6% vs. 3.1, P = 0.510) 
and stroke (1.4% vs. 2.1%, P = 0.617) and repeat revascu-
larization (6.7% vs. 3.1%, P = 0.181) after two years of fol-
low-up. After three years, the rate of repeat revasculariza-
tion was significantly higher in the DES group (12.5% vs. 
4.4%, P = 0.001). Age had no effect on the difference in 
outcomes.[40] 

A less invasive approach is more justified in the most 
compromised in terms of comorbidities and frail patients, 
prevalent among the elderly. PCI could be safety used in 
patients with CKD to reduce early mortality, however, it is 
necessary to consider a balance between high risk for 
bleeding after DES and high risk of restenosis for BMS.[41] 

5.4  Quality of life 

The influence of CABG on long-term survival in mul-
tivessel disease is strongly evident, but for the elderly the 
quality of life may be the more important factor when con-
sidering the treatment method between two strategies. 
However, it is not so easy to assess, given that a fully 
“blind” trial comparing CABG and PCI is not possible, 
making it difficult to determine what is a placebo-like effect, 
and what is the real effect of the treatment. Separately, both 
strategies have shown excellent results in terms of improv-
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ing the quality of life in elderly patients compared with 
medical therapy alone.[42,43] 

In a subsequent analysis of the TIME trial, patients un-
dergoing CABG experienced greater symptomatic relief and 
reported improved quality of life at one year in comparison 
with patients in whom PCI was performed.[44] The AP-
PROACH registry has shown that elderly patients who re-
vascularized tended to have better quality of life than those 
treated medically.[45] At the same time, high-risk patients 
and octogenarians in this registry experienced a greater im-
provement in quality of life from CABG than from PCI, 
except for exertional capacity. In contrast, another trial as-
sessing the quality of life in octogenarians after optimal 
medical therapy, reported that PCI and CABG have compa-
rable results between all methods.[46]  

In general, most trials showed that CABG provides ex-
cellent quality of life, but it may be adjusted according to 
many factors. So among the cohort of elderly who require 
revascularization, this may not be entirely true for given 
person.[47,48] 

As for non-elderly trials, results of SYNTAX showed 
that after a year of follow-up, CABG provided greater relief 
of severe angina, but after one month, which is especially 
important for the elderly, there was significant difference in 
bodily pain, social and physical functioning in favor of PCI. 
In the subgroup of patients ≥ 75 years after one year of fol-
low-up, no significant difference between the effects on 
quality of life of PCI and CABG were reached.[49] 

In the large meta-analysis by Bravata, et al.,[15] the au-
thors concluded that CABG effectively eliminates angina in 
one, three and five years of follow-up, compared with 
BMS-PCI with a difference of 5% to 8% (P < 0.001). Simi-
lar results were obtained in other trials.[50–52] 

5.5  Neurocognitive function 

Significant impact on the quality of life has neurocogni-
tive component. Postoperative cognitive impairment is a 
well-defined syndrome,[53] but it still has no accepted clear 
definition. There are several reasons for the appearance of 
cognitive impairment (Table 1) after cardiac surgery. This 
phenomenon was reported in many trials. However, recent 
articles claimed to doubt these results, since many of them 
used not clearly defined terms and had incorrectly assessed 
neurocognitive status.[54] Trials, that directly compared PCI 
and CABG, showed no significant difference in the inci-
dence of cognitive impairment between the two strategies.[55] 
It was also reported, that due to the presence of atheroscle-
rotic changes in the brain vessels, cognitive impairment in 
elderly already existed before the procedure, that markedly 

Table 1.  Causes for increased risk of cognitive cerebral in-
jury with open heart surgery.[61] 

Embolic deposition to the brain 

Blood pressure fluctuations 

Non-physiological pulsation during extracorporeal perfusion 

Activation of the inflammatory cascade due to blood elements contacting 
non-endothelialized surfaces 

Altered cerebral oxygenation 

 
increases the risk of worsening cognitive status in the post-
operative period.[56–58] 

Other trials have shown that cognitive impairment is re-
lated to anesthesia and stress, rather than the operation itself. 
A week after CABG, cognitive status declined, but after two 
months returned to normal level and even improved.[59,60] At 
present, the risk of neurocognitive impairment after cardiac 
surgery has substantially been reduced.[60] Theoretically, 
embolic risk also exists after PCI because of retrograde 
cannulation through the aorta, but has not been proven in 
actual practice.[61] New trials in elderly, performed in accor-
dance to standardized assessment of neurocognitive status, 
are strongly needed.  

5.6 Strokes 

Greater incidence of stroke after CABG versus PCI was 
reported in the majority of RCT and registries upon com-
paring these strategies.[24,29,31,62–64] Elderly patients have also 
experienced more perioperative strokes after CABG com-
pared to PCI: 3.5% vs. 0.4% in the study by Peterson,[65] and 
2.84% vs. 0.57% (P < 0.001) in the study by Dacey.[43] 

However, the number of strokes after cardiac surgery has 
decreased dramatically in recent years due to improvements 
of preoperative management and procedural techniques.[66] 
In a trial of 6323 patients with multivessel and/or left main 
coronary artery disease, there were no difference in the 
stroke incidence in the PCI vs. OPCAB (off-pump coronary 
artery bypass), but not on-pump surgery.[67] 

Additional research is warranted to determine the risk 
factors for stroke after CABG, proper diagnostics ap-
proaches,[68] and the optimal methods performing this inva-
sive procedure, in particular implementing intraoperative 
epiaortic ultrasound or even not manipulating on the aorta. 

5.7  Frailty 

It is difficult to imagine a discussion about the choice of 
cardiovascular treatment strategies in the elderly, without 
discussing frailty. Frailty is defined as increased vulnerabil-
ity to poor resolution of homoeostasis after a stressor event 
which increases the risk of adverse outcomes.[69] It could be  
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considered as a marker of biological age. Frailty is closely 
related to mental status. On the other hand, it seriously 
worsens the clinical course of CAD, which is a serious fac-
tor that makes hard decisions as to the treatment method to 
choose. 

We cannot distinguish frail and unfrail patients in all 
previous RCT and registries, making them hardly applicable 
to the real world practice,[70] where in fact 19% of ≥ 65 
years patients undergoing PCI are frail and 47% have in-
termediate frailty.[71] 

Frailty can be assessed in 5−10 min. Frail older persons 
can be identified by a set of symptoms, such as weight loss, 
muscle weakness, fatigue, decrease in the overall activity 
and slow gait. There is a variety of methods for detecting 
this condition, however, there is no common scale.[69] It 
seems reasonable to integrate frailty into risk models and/or 
to establish clear indicators to assess frailty. Adding frailty, 
comorbidity, and poor quality of life to the Mayo Clinic risk 
score significantly improved the prediction of cardiac ad-
verse long-term outcomes.[72] It is necessary to educate phy-
sicians—not only geriatricians—to detect and assess frail-
ty.[73] 

Frailty worsens outcomes, regardless of age, sex and 
comorbidities.[70] Three-year mortality is up to four times 
higher (6%−28%) in frail persons versus the non-frail after 
revascularization.[72] Nevertheless, both PCI or CABG is 
widely performed in frail elderly patients.[72,74] Importantly, 
frailty could appear after procedure.[75] 

Which treatment method to choose in the frail patient, 
and whether to make an intervention is still a controversy.[76] 
In any case, it is clear that frailty needs to be addressed, as 
well as frail patients need much more attention, nutritional 
changes and early postoperative activity. 

So, which revascularization procedure is preferable in the 
frail elderly patient? European revascularization guidelines[77] 
and common sense suggest that outcomes in the frail patient 
should be better with a less invasive procedure,[78] but we 
need more evidence. Until then, frailty itself is not a reason 
to refuse major surgery. 

5.8  Patient preference and advised consent 

The patient should have a few days to make a decision 
after angiography, as well as the opportunity to discuss the 
situation with relatives, but it’s still a controversy whether to 
perform ad-hoc PCI in elderly or not, because of more inva-
siveness. It is desirable to discuss plans before the Cath lab, 
so coronary angiography may be not performed at all, if 
patients firmly refused revascularization.  

The patient is entitled to receive complete and accurate, 
objective, evidence-based information about his condition 
and perspectives, given in a clear, accessible way to him. 

Risks and potential benefits in the short and long-term of 
optimal medical therapy and revascularization, and expected 
survival status. The effectiveness of treatment of angina, 
quality of life, the likelihood of the need for re-intervention 
should be discussed. Information about the potential neuro-
logical complications, and the risk of thrombotic complica-
tions, bleeding, technical features of CABG, and the choice 
of the stent in the case of PCI should be provided. 

Also of great importance is not only what information is 
provided the patient, but how it may be biased, and how the 
patient understood it in the context of his own interests, i.e., 
it should be adequate and should be properly reported (Ta-
ble 2).[79] And the lack of sufficient evidence is not an ob-
stacle here,[80] but unfortunately, most patients are given a 
view from one side only. And 70% of those who had un-
dergone PCI, suppose that it improves survival and prevents 
myocardial infarction.[80] At least 15% of all PCI is inap-
propriate,[81] but patients nonetheless are satisfied.[82] Physi-
cians overestimate the benefit of PCI and put patients into a 
bias,[83–85] but also the patients themselves often choose PCI 
because of the expectation of pain after CABG in the early 
postoperative period, the scar on the chest and neurological 
complications.[86] In real practice, there is a preconception 
not to perform CABG in elderly person, even in case of 
little risk of in-hospital mortality, when there exists a possi-
bility to perform PCI. 

The quality of life for the elderly is often more important 
than the longevity, especially the maintenance of independ-
ence, but physician still have to ask them. And for plenty of 
older persons life expectancy can be quite high.[87] A heart- 
team and, in special cases, an endocrinologist and geron-
tologist as advisers are encouraged. 

It should be keep in mind that the patient’s opinion may 
change, so it is essential to reassess.[88] And many of them 
are not willing to risk their life, referring to the risk of cog-
nitive impairment.[89] 

5.9  Psychosocial 

In the elderly, non-medical factors are particularly im-
portant: support of relatives [90] and social services in the 
postoperative period.[42] These aspects are closely related to 
mental status and have the importance, not only in terms of 
compliance to medical therapy and especially dual anti-
platelet therapy (DAPT), but primarily as a strong factor 
that directly affects the survival and quality of life. For ex-
ample, 30%−40% of patients, in whom the CABG was per-
formed, have depression that significantly affects the ad-
verse outcomes.[91] Thus, the therapist and gerontologist 
should assess the so called “mental frailty”, i.e., the will to 
live, the desire to live. It should be corrected if it is possible, 
or another option of treatment should be considered.  
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Table 2.  Goals of treatment from physician and patient side.  

Goals of treatment (physician view)  

Relief of symptoms  

Relief of coronary ischaemia  

Prevention of cardiac-related death  
Prevention of CAD progression and related conditions: myocardial 
infarction, left ventricular dysfunction, congestive heart failure 

 

In physician terms In patient terms 

Life prolongation (longevity influence) Could it extend my life? 

Improving quality of life Will I feel more comfortable? 

Premature cardiac death and MI prevention Could it help me avoid heart attack or death? What will happen if I would do nothing? 

Maintenance of independence Will I be more physically active? Will I be able to maintain myself? 

Relief of symptoms Will I feel free from pain and shortness of breath? 

Reduction the need for medical treatment Could I take lesser pills? 

Long term effect How long will stay the effect of treatment? 

Treatment perspective  

Hospital stay How long will it take for me to feel better? 

Inconvenience of procedure Will I feel pain during and after procedure? 

Risks of procedure: pain, cognitive impairment, stroke, CIN,  
bleeding, death 

What bad could happen? Will it break my mind? Could I become disabled? 

Possibility of recurrent procedure Do I need repeat procedure? 

Price (including medications/visits after procedure) How much will it costs at all? 

Use of DAPT in case of PCI What should I do after procedure? 

CAD: coronary artery disease; CIN: contrast-induced nephropathy; DAPT: dual antiplatelet therapy; MI: myocardial infarction; PCI: percutaneous coronary 
intervention. 

 
The choice of a revascularization method should also be 

influenced by the social and psychological status of an eld-
erly patient, and the way and how recovery will take place 
in the early and delayed postoperative period,[92] as well as 
the experience and results of given hospitals and operators 
performing the procedure. 

6  If PCI, what way? 

In contemporary practice, there are nearly 25% of PCI 
performed in patients ≥ 75 years and about 12% of PCI in 
patients ≥ 80 years, with good results.[93] And even the 
90-year-old patients could reach an acceptable mortality and 
morbidity.[94] 

When choosing PCI, physician needs to take into account 
the risks of bleeding, thrombosis, restenosis and other fac-
tors (Figure 2). 

6.1  Approach 

Radial approach should be encouraged as a primary in 
elderly as carrying a minimum of complications.[95] If tech-
nical difficulties and complications occurred during the 
procedure, it is possible to consider other options. 

6.2  DES/BMS 

DES effectively treat complex lesions and better prevent 
restenosis, i.e., reduce the rate of repeat procedures, but it 
raises the risk of bleeding after long DAPT and should not 
be used with low compliance and adherence to medical 
treatment, because of high risk of thrombosis in case of 
discontinuation. 

New everolimus coated stents, which allow use of DAPT 
for six months without threat of thrombosis, could be an 
acceptable solution for elderly.[96] The XIMA trial compared 
DES versus BMS in octogenarians and demonstrated that 
the use of DES had not resulted in a higher percentage of 
bleeding and at the same time reduced MACE.[97] These 
results were confirmed in a large meta-analysis.[98] 

6.3  Pharmacotherapy 

One of the crucial things in PCI management in the eld-
erly is choice of anticoagulation and antiplatelet medica-
tions and its dosage adjustment based on GFR. Contempo-
rary evidence encourage the use of bivalirudin in the pe-
rioperative period, which is effective and safe.[99,100] In turn, 
ticagrelor should be avoided in elderly due to the increased 
risk of bleeding.[101] 
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6.4  Staged/single 

In relative healthy elderly with low operational risk, mul-
tiple single stenting can be safely performed.[102] In case of 
angiographic and clinical indications, including frailty, low 
GFR, high risk of bleeding, staged strategy may be used, 
when the second (and third, if necessary) intervention per-
formed in 1−3 or 6 months after the first one according to 
the clinical condition. 

7  If CABG, what way? 

Despite the increasing proportions of elderly patients and 
worsening risk profile for elective CABG, mortality in eld-
erly patients over recent decades has dramatically declin-
ed.[2] This is likely due to advancements and refinements of 
perioperative techniques and postoperative management 
(more left internal mammary artery and myocardial protec-
tion) and may be due to increased number of PCI performed 
in such patients. 

There is evidence that minimally invasive cardiac sur-
gery could improve survival in elderly patients undergoing 
CABG, in comparison with classic sternotomy.[103] The 
randomized Octopus trial on 281 low-risk patients had  
reported that the 1-year survival between CABG on-pump 
versus off-pump did not differ.[104] Similar results were ob-
tained in the ROOBY trial.[105] Another trial has demon-
strated that the off-pump surgery reduces the risk of stroke, 
atrial fibrillation, pneumonia and postoperative infections, 
and decreased hospital stay length.[106] There is also evi-
dence that off-pump surgery in the elderly and high-risk 
patients reduces the incidence of stroke and time of intuba-
tion.[107,108] 

8  Partial/complete revascularization 

In the ARTS trial (including patients with diabetes) and  
BARI trial (excluding patients with diabetes) partial revas-
cularization demonstrated no effect on long-term survival.[109] 

The ARTS-II trial (with no elderly patients) reported that 
survival in patients with multivessel disease with partial 
revascularization did not differ among patients who re-
ceived PCI and CABG. However, the rate of MACE (most-
ly due to repeat revascularization) was markedly higher in 
the PCI group; significantly lower survival was observed in 
the PCI patients with higher SYNTAX tertile.[110] 

In a large analysis (n = 21,945), patients with partial re-
vascularization, who had undergone PCI, had a worse sur-
vival compared with complete revascularization. In patients 
older than 80 years, this trend, however, was not con-

firmed.[111] In contrast, Kim, et al.[112] reported that complete 
revascularization did not improve long-term survival both 
for DES and CABG patients with multi-vessel disease.  

Complete revascularization should be considered in the 
elderly if it does not increase the invasiveness of the proce-
dure. Physicians also need to take into account life expec-
tancy, severity of symptoms, the presence of viable myo-
cardium and other factors. To improve the quality of life 
and exertional capacity, partial revascularization is often 
enough.  

9  Future trends 

Hybrid revascularization—a combination of minimally 
invasive left internal thoracic artery grafting on the LAD 
and coronary stents implanted in other arteries during hos-
pitalization—may be an ideal option for patients of older 
age groups. It allows reduced invasiveness of procedure and, 
therefore, short-term mortality, as well as achieving excel-
lent long-term results.[113,114]  

Bioabsorbable stents and stents coated with monoclonal 
antibodies probably effectively prevent restenosis and ac-
celerate epithelization; stents on the guide with a very 
low-profile, special stents for bifurcation lesions, special 
devices for chronic occlusions may successfully treat more 
complex lesions in the elderly.[115] 

Several trials have demonstrated the safety and efficiency 
of the intra-myocardial autologous cell engraftment,[116,117] 
but the technique is still the pilot phase. 

10  Integrative approach 

There is no doubt that CABG provides more effect on 
long-term survival and quality of life, and that PCI is less 
invasive. However, in the elderly only in some cases is the 
decision obvious (Figure 3). 

Despite the fact that the European guidelines[77] recom-
mend performing PCI in ≥ 80 years patients, one third of the 
elderly is frail, but two thirds are not,[70] so, the approaches 
should be different. Physicians or team of physicians face  

 

Figure 3.  Extreme position of patient status in terms of selec-
tion between PCI and CABG in elderly. CABG: coronary artery 
bypass surgery; CAD: coronary artery disease; PCI: percutaneous 
coronary intervention. 
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the task of evaluating a great number of factors in the com-
plexity of their relationships (Figure 2). Most of all, some 
factors can be modified. 

In fact, evaluating the necessity, possibility, all com-
pounding factors, the selection of revascularization method 
and procedural features are performed as a single process 
simultaneously. Moreover, any factor can be an obstacle to 
performing the procedure, for example, the inability to con-
trol glucose blood level, excessive tortuosity of the vessels, 
the lack of money, or lack of patient desire to revascularize. 

The main opposites, which need to be balanced when 
treating elderly patient: (1) early postoperative risk versus 
excellent long term results; and (2) more effective procedure 
which will reduce the recurrent medical visits vs. procedure 
which improve the quality of life. 

Usually, there are no simple solutions. It is a kind of 
compromise, and in the case of frailty, or in patients with 
diabetes and end-stage renal disease, all options are not 
good.  

11  Conclusions 

There is a clear statement that age itself should not in-
fluence the selection of the method of treatment. In the lack 
of evidence, we should take into account plenty of factors, 
the most important of which is frailty. Decisions should be 
based on comprehensive risk/benefit profile made by physi-
cians from different point of view. Optimal medical therapy, 
including control of risk factors and pharmacological agents, 
is still a corner stone. Large randomized trials in older pa-
tients with stable angina are strongly warranted to obtain 
reliable data to help in the management of this high-risk pa-
tient group. 
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