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Abstract: The proportion of the elderly in the total population of the world is growing, and

the number of elderly patients with coronary chronic total occlusions (CTO) is huge. The

elderly patients often have more extensive coronary artery disease, more severe ischemic

burden and higher risk of cardiovascular events, as compared to younger patients, and

thereby they might greatly benefit from coronary revascularization, even though they may

have higher risk of operative complications. Most interventional cardiologists are more likely

to be reluctant to operate complex percutaneous coronary intervention (PCI) in elderly

patients. The latest refinements in dedicated CTO-PCI equipment and techniques have led

to high rates of success and low complications rates and have made the CTO-PCI procedures

safe and effective among the elderly patients. However, up to now, there is no widely

recognized consensus or guideline on treatment strategy of elderly CTO patients, and the

prognosis in this population is unknown. In this review, we aim to provide an overview of the

current evidence and future perspectives on PCI in elderly patients with CTOs.
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Introduction
A coronary chronic total occlusion (CTO) is defined as a complete occlusion of

coronary artery with thrombolysis in myocardial infarction (TIMI) flow 0 for more

than 3 months duration, and it remains one of the major challenging obstacles in

coronary intervention.1,2 Coronary CTOs are commonly encountered during cor-

onary angiography, with a prevalence ranging widely from 18–52% in patients with

coronary artery disease (CAD).3,4 However, in the National Cardiovascular Disease

Registry (NCDR) CathPCI registry, percutaneous coronary intervention (PCI) of

CTO lesions comprises only accounts for 3.8% of attempted PCI cases.5 Recent

data from the Canadian multi-center CTO registry indicates that only 10% CTOs

were referred for PCI.3 The presence of CTO was associated with adverse cardiac

outcomes and increased mortality in selected populations. In recent years, the latest

improvements in dedicated CTO-PCI devices and techniques have led to high rates

of success and low complications rates in experienced CTO centers.6–8 This evolu-

tion has contributed to an interest in CTO-PCI procedures and the increase in the

number of CTO recanalizations, even complex lesions.9

In recent years, life expectancy is increasing and the proportion of older people

in the world’s total population is increasing. Elderly patients are regularly with
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a higher prevalence of complex CAD and other

comorbidities.10 The prevalence of CTO increases with

age, the number of elderly patients with CTOs is huge.11

However, nowadays, elderly patients are often excluded

from randomized trials or registries related to CTO. The

American Heart Association guidelines assign CTO-PCI

a class IIa indication: reasonable in patients with appro-

priate clinical indications and performed by operators with

appropriate expertise.12 Nevertheless, up to now, no

widely recognized consensus or guideline on treatment

strategy of elderly CTO patients, and the prognosis in

this population is unknown. In this review, we aim to

provide an overview of the current evidence and future

perspectives on PCI in elderly patients with CTOs.

PCI Is Avoided in Elderly Patients
Numerous studies indicate that elderly patients are less

likely to be referred for invasive coronary angiography

than younger patients and older patients often have a low

rate of revascularization in clinical practice.13,14 Previous

trials showed advanced age was associated with higher

rates of PCI-related complications and in-hospital adverse

outcomes, as well as worse short-term prognosis.15,16

A study from National Cardiovascular Network database,

Batchelor et al compared the outcomes of octogenarians

receiving PCI with younger patients, and found that octo-

genarians had a 2 to 4-fold increased risk of complications,

including death, stroke, Q wave myocardial infarction

(MI) and kidney injury as compared to younger patients.

In addition, octogenarian’s mortality rate changed nearly

10-fold and was strongly affected by comorbidities (0.79%

for non-risk factors vs 7.2% with renal insufficiency or left

ventricular ejection fraction (LVEF) <35%).17 For the

reasons that, elderly patients who require revascularization

are more often with complex, multivessel disease which

need more-challenging multi-lesion interventions than

young patients (50% vs 30%).18 With the aging process,

coronary arteries of older patients are more likely to be

tortuosity, have severe calcification, and total

occlusion.19,20 Tortuous vessels increase the degree of

difficulty in deployment of coronary devices and the risk

of periprocedural complications.17 In a study from the

Cardiovascular Health study, electron beam tomography

was carried out to estimate coronary artery calcium in

elderly patients, and Newman et al found increase in age

by each year was associated with increased risk of coron-

ary calcification score by 11%.21 Intervention on calcified

lesion are often associated with decreased technical and

procedural success rates, increased periprocedural compli-

cations and restenosis rates cause by inadequate stent

expansion.

Elderly patients are often with frailty which means

decreased nutrition, physical functional decline, and

reduced physical resistance to stressors.22 Frailty has

been reported in 20% and more than 25% in patients

aged ≥65 and ≥85 years respectively undergoing coronary

revascularization.23,24 Frail patients had more comorbid-

ities and more frequent left main or multivessel disease,

but lower Seattle Angina Questionnaire scores for quality

of life (ie poorer health status) compared with non-frail

patients.25 Sánchez et al reported frailty are associated

with higher rate of mortality, poorer in-hospital and post-

discharge functional and adverse outcomes in CAD

patients.26,27 Some easy measures can be taken to assess

frailty, such as questionnaires, gait speed and handgrip

strength.28,29

Multiple physiological changes might affect the out-

come with PCI. Vascular stiffness, endothelial repair fol-

lowing injury and myocardial diastolic function are

impaired with aging, which leads to systolic hypertension,

negative vascular remodeling in response to injury and

decreased left ventricular function.30 In addition, vascular

injury and faulty repair, which are pathobiological con-

struct of age-related thrombosis, result in sudden cardiac

death, MI and ischemic stroke.31

PCI in Elderly Patients with CTOs
In the HORIZONS-AMI trial based on 3283 patients with

ST-segment elevation myocardial infarction (STEMI)

undergoing primary PCI, it was reported that the presence

of a CTO in non-infarct artery was an independent pre-

dictor of mortality.32 Although CTOs are more common in

older patients, and CTO-PCI is less common in older

patients compared to younger patients.13

Many CTO patients did not present typical angina,33 and

this situation was more likely to be on elderly CTO patients,

owing to decreased physical activity and oxygen demand.34

Therefore, this makes them hard to be referred to clinicians

and decrease the possibility of CTO-PCI.13 Moreover,

elderly patients are often with multiple comorbidities,

including anemia, chronic kidney insufficiency and heart

failure,10,35 which also increase the risks related to CTO-

PCI. Elderly patients with CTOs present a challenge for

most interventional cardiologists to perform PCI. Most

interventional cardiologists are more likely to reluctant to

operate complex PCI in elderly patients for the perception
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of poor prognosis in such high-risk subjects. Despite the

lesional complexities and multiple comorbidities, Tanaka

et al reported the overall technical success rate of CTO-PCI

was achieved in 77% of the older patients and 79% of the

younger patients (P = 0.66), and a comparison between the

successful and failed PCI patients showed a significantly

superior three years cardiac survival (97.6% vs 76.9%,

P = 0.005).36 In a study consisting of 409 age ≥75 years

patients in Germany showed success rate of CTO-PCI was

achieved in 307 (75%) patients. After multivariate analysis,

successful CTO-PCI significantly improve survival

(adjusted hazard ratio [HR] 0.58, 95% confidence interval

[CI] 0.39–0.87, P = 0.009) in the elderly.37 In a registry

study including 356 patients (age ≥75 years, n = 95; aged

<75 years, n = 263) who underwent CTO-PCI, procedural

success rate of elderly patients was similar with the young

(older vs younger patients: 74.3% vs 78.2%, P = 0.41).35

Rate of major adverse cardiovascular events (MACE),

a composite of death, cardiogenic shock, acute coronary

syndrome (ACS) or repeated revascularization, at

20 months, was significantly reduced when elderly patients

had undergone a successful CTO revascularization com-

pared to failed CTO-PCI (HR 0.43, 95% CI 0.19–0.96,

P = 0.039). Hoebers et al reported that 213 (12%) patients

in their cohort study which included 1791 patients were

older than 75 years.38 Procedural success rates in elderly

patients were not different compared to young patients

(63.8% vs 69.1%, P = 0.12). After 5 years follow-up,

MACE rates were significantly reduced after successful

PCI, compared to failed procedures (25.8% vs 42.3%,

P <0.01) in the elderly, mainly driven by a significantly

a reduction in coronary artery bypass grafting (CABG)

(0.0% vs 20.4%, P <0.01). However, no significant differ-

ences were observed with respect to death (19.6% vs 24.6%,

P = 0.13) and MI (11.5% vs 8.0%, P = 0.87). Similarly,

a single-center registry analyzing 120 patients whose age

≥75 years, these elderly CTO patients who underwent suc-

cessful CTO-PCI had a similar rate of 3-year cardiac mor-

tality compared to unopened CTOs (15.0% vs 16.0%,

P = 1.000). Furthermore, regarding the combined occur-

rences of hospitalization including angina, heart failure,

reinfarction and repeat revascularization, no significant dif-

ferences were observed between successful CTO-PCI and

attempted CTO-PCI (10.0% vs 17.0%, P = 0.657; 12.5%

vs.17.1%, P = 0.547).13 Table 1 summarizes the recent

studies assessing primary CTO-PCI in elderly patients.

Successful rates of CTO-PCI among elderly and young

patients are summarized in Figure 1.

According to the multicenter CTO registry from Japan,

which contained 12% of the elderly patients whose age

were ≥80 years, reported that considering the actual inci-

dence of the procedural success rate and related adverse

events, invasiveness and the potential risks CTO-PCI

might be acceptable in most cases.39

PCI versus CABG in Elderly
Patients with CTOs
As mentioned, elderly CTO patients are more often to

have left main disease, 3-vessel disease and a higher syn-

tax score than non-elderly CTO patients that may need

surgical revascularization.13,35 Complete revascularization

is more frequently achieved with CABG rather than PCI.40

In the SYNTAX trial, a CTO was the main reason for

incomplete revascularization, and the lower complete

revascularization rate in the PCI arm was associated with

increased MACE compared with CABG.41 In a study of

2000 patients with multivessel disease from New York

State’s Percutaneous Coronary Interventions Reporting

System, Hannan et al found those who had incomplete

revascularization with a CTO had significantly higher

mortality.42

However, until now, there is no randomized control

trial comparing PCI and CABG in elderly patients. It has

been reported that patients with complex multivessel dis-

ease and diabetics could get more survival benefit from

CABG in patients aged ≤65 years.43,44 A data including

73 consecutive patients aged ≥80 years who underwent

CABG between 1996 and 2001 showed quality of life

could be elevated by CABG.45 In a meta-analysis of 66

studies in patients aged ≥80 years who underwent coron-

ary revascularization, a greater number of patients with

multivessel disease and male patients were treated with

CABG than with PCI and showed 30-day mortality and

1-year survival were similar between CABG and PCI.46

Similar results have been found by Hannan et al, who

reported the results of New York State’s registries for

CABG and for PCI.42 In this study, a total of 3864 patients

receiving drug-eluting stent (DES) and CABG (1932

CABG-DES pairs) with multivessel disease were analyzed

and three outcomes (mortality, stroke/MI/mortality and

repeat revascularization) at 2.5 years were compared.

The rates of mortality (DES/CABG HR 1.06, 95% CI

0.87–1.30) and stroke/MI/mortality (DES/CABG HR

1.15, 95% CI 0.97–1.38) for the two procedures were

similar.47 Hlatky et al pooled individual patient data from
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Table 1 Recent Studies of CTO-PCI in Elderly Patients

Study Age

(Years)

Number Successful

Rate

Follow-

Up

(Years)

Complication Rates Clinical Outcomes

Guo

et al66
≥65

<65

630

664

≥65 PCI N=209

≥65 MT N=421

NA 3.6 Myocardial infarction,

0.5%;

Coronary dissection,

2.9%;

Coronary perforation,

1.4%

≥65 years

MT vs successful PCI: cardiac mortality (9.3%

vs 5.0%, P=0.378), MACE (28.3% vs 15.1%,

P=0.070), MI (9.0% vs 3.7%, P=0.097), TVR

(14.5% vs 9.0%, P=0.592)

Flores-

Umanzor

et al50

≥75

<75

328

924

≥75 PCI N=53

≥75 MT N=233

≥75 CABG N=42

NA 3.5 Myocardial infarction,

2%;

Cardiac tamponade, 2%;

≥75 years

MT vs PCI vs CABG: all-cause mortality

(54% vs 32% vs 19%, P<0.001), cardiac

mortality (38% vs 17% vs 19%, P=0.002),

acute MI (12% vs 8% vs 5%, P=0.2)

Toma

et al37
≥75

<75

409

1593

≥75 successful PCI

N=307

≥75 failed PCI

N=102

75.1%

85.1%

2.6 Myocardial infarction,

0.5%;

Coronary perforation,

0.5%;

Cerebrovascular

accident, 0.2%;

Major bleeding, 2.4%;

Vascular complication,

0.7%

≥75 years

successful vs failed PCI: all-cause mortality

(adjusted HR 0.58, 95% CI 0.39–0.87,

P=0.009), MACE (adjusted HR 0.84, 95% CI

0.59–1.20, P=0.34)

André

et al35
≥75

<75

93

263

≥75 successful PCI

N=71

≥75 failed PCI

N=22

76.3% 1.7 Myocardial infarction,

3.2%;

Acute renal failure, 4.3%

CABG, 2.2%

≥75 years

successful vs failed PCI: mortality (21.1% vs

9.1%, P=0.34), MI (2.8% vs 18.2%, P=0.026),

unstable angina (1.4% vs 4.5%, P=0.42), PCI

(2.8% vs 22.7%, P=0.007)

Lee

et al65
≥75

<75

311

1709

≥75

revascularization

N=158

≥75 MT N=153

79.1% 2.8 NA ≥75

MT vs revascularization: cardiac mortality

(19.6% vs 10.8%, P=0.27), MACE (26.1% vs

18.4%, P=0.76), MI (5.2% vs 2.5%, P=0.54),

repeat revascularization (8.5% vs 8.2%,

P=0.85)

Hoebers

et al38
≥75

<75

213

1578

≥75 successful PCI

N=136

≥75 failed PCI

N=77

63.8%

69.1%

5 Coronary dissection,

6.7%;

Coronary perforation,

3.3%

≥75 years

MT vs successful PCI: mortality (19.6% vs

24.6%, P=0.13), MACE (25.8% vs 42.3%,

P=0.02), MI (11.5% vs 8.0%, P=0.87), CABG

(0 vs 20.4%, P<0.01)

Tanaka

et al36
≥75

<75

67

217

≥75 successful PCI

N=47

≥75 failed PCI

N=20

77.0%

79.0%

3 Cerebral infarction,

1.4%

≥75 years

MT vs successful PCI: cardiac survival (97.6%

vs 76.9%, P=0.005), MACE-free survival

(64.4% vs 69.2%, P=0.02), TLR-free survival

(85.6% vs 91.7%, p=0.52)

Abbreviations: CABG, coronary artery bypass grafting; CI, confidence interval(s); CTO, chronic total occlusion; HR, hazard ratio; MACE, major adverse cardiovascular

events; MI, myocardial infarction; MT, Medical therapy; NA, not applicable; PCI, percutaneous coronary intervention; TLR, target-lesion revascularization; TVR, target-vessel

revascularization.
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ten randomized trials of 7812 patients to compare the

effectiveness of PCI with CABG, and found there was

no significant difference in 5.9-year survival rates between

the 2 approaches. Patient age modified the treatment’s

impact on mortality, with HR of 1.25 (0.94–1.66) in

patients aged <55 years and 0.82 (0.70–0.97) in patients

aged ≥65 (P = 0.002 for interaction). CABG was asso-

ciated with a lower mortality in patients with diabetes and

patients aged ≥65 years.48 Notably, very few patients aged

≥75 years were enrolled in the trial. In a cohort of 1388

octogenarians (CABG, n = 441; PCI, n = 947) from 2002

to 2008, Nicolini et al found there were no significant

differences in the crude rates of 30-day mortality or in

long-term all-caused death rate between CABG and PCI.

However, during follow-up, patients in PCI arm had worse

outcomes regarding cardiac death, MI, and target vessel

revascularization (TVR). The authors also stressed the

very few applications of current PCI technology in the

study.49 In a recent analysis based on 328 patients aged

≥75 years, Flores-Umanzor et al found no significant dif-

ferences in cardiac death or MI between the PCI and

CABG groups.50

Older patients may be hospitalized longer after CABG.

However, physical, psychological and social recovery

were similar with those of younger.51 Elderly patients

undergoing CABG are at high risk of low cardiac output

syndrome, perioperative MI, stroke, wound infection, renal

failure, gastrointestinal complications, respiratory pro-

blems, arrhythmia and postoperative delirium.52

Cognitive decline and impairment in elderly patients

undergoing CABG is the main concern when compared

with PCI.53,54 Newman et al evaluated 261 patients who

underwent CABG, and found the incidence of cognitive

decline was more than 50% at discharge and 42% at five

years. In addition, cognitive function at discharge was

associated with long-term function.55

CABG or PCI, which is better for elderly patients with

CTOs remains under debate. Although CABG seems to

have a slight advantage over PCI for elderly patients with

diabetes and complex multivessel disease. However, fre-

quent comorbidities in the elderly can be problematic for

CABG surgery, particularly chronic obstructive pulmonary

disease and cerebrovascular disease.53 Furthermore, the

perioperative risk of mortality could increase up to

18.2% in octogenarians when CABG is combined with

valve surgery.56 Remarkable advancements in CTO-PCI

technique and equipment have achieved over the past

decade, such as dedicated guidewires, microcatheters and

the hybrid approach, which enabled high procedural suc-

cess rates (85–90%) and maintained acceptable low com-

plications rates (<3%).57,58 And these give us more

confidence to do more CTO-PCI attempt in elderly CTO

patients. Especially when these patients are with higher

surgical risk, such as ACS, malignancy, poor mobility,

frailty, dementia, and serious comorbidities, which are

contraindications of extracorporeal circulation, PCI seems

to be more appropriate.

PCI versus Medical Therapy in
Elderly Patients with CTOs
As mentioned, nearly half of all CTO patients were treated

by medical therapy.3,59-61 The Trial of Invasive versus

Medical Therapy in Elderly Patients with Chronic

Symptomatic Coronary Artery Disease (TIME) trial com-

pared PCI with optimal medical therapy in patients aged

≥75 years with chronic stable angina. At 6-month follow-

up, patients in the PCI arm had significant improvements

in quality of life and had significant reductions in angina

pectoris and MACE (composite risk of death, rehospitali-

zation for ACS and recurrent MI; 19% vs 49%,

P <0.001).62 Upon 4-year follow-up, there was still

a significant reduction in MACE in elderly patients who

underwent PCI compared with those who were treated

with medical therapy, which was largely driven by the

decrease in readmission rates.63 Chen et al enrolled 491

patients with ACS and aged ≥70 years, and found PCI-

treatment was associated with improved 1 and 3-year

survival.64 Lee et al retrospectively analyzed 311 CTO

patients aged ≥75 years to compare the effectiveness of

Figure 1 Successful rates of CTO-PCI in elderly and young patients in recent

studies.

Abbreviations: CTO, chronic total occlusion; PCI, percutaneous coronary

intervention.
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medical therapy with revascularization, and demonstrated

that the incidence of cardiac death was comparable

between groups (HR 1.67; 95% CI 0.86–3.24,

P = 0.13),65 consistent with the findings of Guo and his

colleagues.66 Notable, among the 158 in the revasculariza-

tion group, 43 patients underwent CABG and 24 patients

had a failed PCI, and only 57% of patients had successful

PCI. Additionally, the amount of viable myocardium and

ischemia was not assessed, which an estimate of ischemic

burden was significantly important when deciding between

revascularization and medical therapy in the elderly.67

More recently, Flores-Umanzor et al confirmed that, after

long-term follow-up, elderly CTO patients receiving con-

servative treatment had higher all-cause and cardiac mor-

tality compared to patients undergoing revascularization.50

Although the Clinical outcomes utilizing revascularization

and aggressive Drug evaluation (COURAGE) trial proved

that PCI was not associated with reduced the risk of death

or other MACE when added to optimal medical therapy in

patients with stable CAD, the patients receiving PCI

showed significant reduction in ischemia (33% vs 19%,

P = 0.0004), especially in patients with moderate to severe

pretreatment ischemia (78% vs 52%, P = 0.007). Patients

with reduced ischemia had lower risk for death or MI

(16.2% vs 32.4%, P = 0.08).67 The recent DECISION-

CTO (Drug-Eluting Stent Implantation Versus Optimal

Medical Treatment in Patients with Chronic Total

Occlusion) trial and the EuroCTO (Randomized

Multicenter Trial to Evaluate the Utilization of

Revascularization or Optimal Medical Therapy for the

Treatment of Chronic Total Coronary Occlusions) trial

showed PCI is not associated with reduction in death,

MI, repeated revascularization, major adverse cardiac and

cerebrovascular events, and stroke, respectively compared

with optimal medical therapy alone.68,69 However, patients

whose age of ≥75 years are often not well represented in

these trials, and these results may not apply to the elderly

patients with CTOs.

The European Society of Cardiology indicates that

patients with persistent symptoms despite optimized med-

ical therapy and asymptomatic patients with evidence of

viability or a high burden of ischemia should be consid-

ered for CTO revascularization.70 The cost-effectiveness

of PCI versus optimal medical therapy, is also an impor-

tant factor for clinical decision making. In patients with

severe symptoms, study showed the cost of CTO-PCI was

superior to optimal medical therapy.71 Even though, CTO-

PCI could yield a significantly higher cost-effectiveness

ratio by reducing adverse outcomes and improving quality

of life as compare to optimal medical therapy.

CTO Procedural Complications in
Elderly Patients
It is known that CTO-PCI has a higher complication rate

than non-CTO PCI. Generally speaking, the patients

undergoing or the patients who had CTO-PCI required

longer fluoroscopy time and greater contrast volume as

well as had lower procedural success, when compared

with non-CTO PCI. In the NCDR CathPCI registry, CTO-

PCI had twice the incidence of MACE (1.6% vs 0.8%).

Interestingly, operator experience was associated with

increased success rate and lower rate of MACE in CTO-

PCI in this study.5

Complications were more frequent in the elderly

patients. Any procedure-related complications in elderly

patients that occur may be potentially lethal.72 Elderly

patients had more multivessel disease, heavily calcified

lesions and diffuse lesions, and these would make the PCI

procedure take more fluoroscopy time and greater contrast

volume. In addition, severe comorbidities of elderly

patients, such as anemia and chronic renal insufficiency,

increased risk of major bleeding and contrast-induced

nephropathy (CIN). Due to complex lesions, coronary per-

foration is common in CTO-PCI procedures among elderly

patients. Azzalini et al reported patients with perforation

were older and had higher Japanese-chronic total occlusion

(J-CTO) score.73 The retrograde approach was more fre-

quently used, but it was associated with increased risk of

perforation compared to an antegrade approach. A recent

study also demonstrated a heavier burden of calcification is

related to this higher rate of perforation, and coronary

perforation rate was higher when CTO procedure fails.74

Furthermore, patients with perforation had a higher rate of

in-hospital mortality than those without perforation (5.1%

vs 0.3%). However, among 1791 patients observed in the

multi-national registry, rates of residual dissection (6.7% vs

5.7%) and coronary perforation (3.3% vs 3.4%) during

procedure were comparable between older and younger

patients.38 The recent global expert consensus of guiding

principles for CTO-PCI also reported the availability of

dedicated equipment and specific CTO-PCI expertise and

volume will help prevent and manage perforation.75

The elderly patients are at high risk for CIN.76

Previous study reported that the incidence of CIN in

elderly CTO patients underwent PCI was 4.3%.35
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Besides, diabetes, LVEF, presentation with ACS, and con-

trast volume were independently associated with CIN.77

The pathological mechanism of CIN probably due to the

increased prevalence of nephrosclerosis in the elderly

patients which can cause renal tissue ischemia, decreased

number of functional glomeruli, and reduced glomerular

filtration rate.78 As for achieving renal protection and

preventing CIN, the most important measure to reduce

the occurrence of CIN is hydration before and after the

procedure.79 The application of intravascular ultrasound or

non-contrast-based optical coherence tomography can

lower contrast volume. Furthermore, transradial access

can decrease the risk of embolization of atheromatous

debris into the renal arteries.79

Of these, the most common critical complication of

PCI was major bleeding,36 and age is an independent

predictor of major bleeding after PCI.80 The CRUSADE

(Can Rapid risk stratification of Unstable angina patients

Suppress ADverse outcomes with Early implementation of

the ACC/AHA Guidelines) Bleeding Score demonstrated

that anemia and lower creatinine clearance which were

more common in the elderly, were associated with in-

hospital major bleeding.81 Elderly patients with decreased

physical activity have higher levels of activate factors VII,

IX, and X, and thrombin-antithrombin complexes in

plasma than the young, and platelet reactivity in the body

also enhanced in the elderly.82,83 These hemostatic

changes may increase risk of acute thrombosis. However,

on the other hand, secondary to age-related high fibrino-

lysis, which was active by increasing tissue plasminogen

activator levels, reduced thrombus stability and increased

the risk of bleeding.84,85 The decrease in intestinal absorp-

tion, hepatic metabolism, body mass index and the

increased adipose tissue in the elderly influence drug dis-

tribution and metabolism in the body.86 Many antithrom-

botic drugs, such as low-molecular-weight heparin and

glycoprotein IIb/IIIa (GPIIb/IIIa) receptor inhibitors

(GPI), often were used in patients undergoing PCI. GPI

use was associated with a higher rate of bleeding when

compared with no use of a GPI in octogenarians under-

going PCI.87 Furthermore, patients with excess dosages of

GPI had higher risks for major bleeding as compared to

those patients not administered excess dosages (OR, 1.36;

95% CI, 1.10–1.68).88 Kidney drug clearance decreases

with age. Gradual decline in kidney function of the elderly

affects the clearance of these drug, leading to overdosing

of substances, which can increase risk of bleeding.22

Periprocedural and postprocedural drug selection and

dosage become an important factor of preventing major

bleeding in the elderly. In a recent meta-analysis, Lee et al

included 11,473 patients from 6 controlled randomized

trials, and reported short-term dual antiplatelet therapy

(DAPT) was associated with a significant reduction in

major bleeding compared with long-term DAPT after

DES implantation in elderly patients (HR: 0.46; 95% CI:

0.24–0.88; P = 0.0196).89 In the SENIOR trail, among

elderly patients using DES, a short duration of DAPT

could reduce the risk of bleeding events and did not

increase of ischemic events (all-cause mortality, MI,

stroke, and ischemia-driven target lesion

revascularization).90 Bivalirudin, a synthetic anticoagulant

and as an alternative to unfractionated heparin (UFH),

showed comparable efficacy and safety in elderly patients

who were at high risk of bleeding and undergoing CTO-

PCI, and could significantly reduce the risk of bleeding

compared with UFH.91 In the NCDR CathPCI Registry,

Marso et al showed vascular closure devices and bivalir-

udin were more commonly used and were associated with

significantly reduced bleeding rates, especially in elderly

patients at high risk of bleeding.92 Vascular access of

operation also has a great influence on risk of major

bleeding. A report including 10,628 nonagenarians from

Japanese nationwide registry showed older patients, espe-

cially nonagenarians, had a greater risk of in-hospital

death and bleeding compared with younger patients after

PCI and transradial intervention could reduce the risk

bleeding complications in those patients undergoing PCI

as compared to transfemoral intervention.93 Andre et al

also prioritized to radial approach to avoid bleeding.35

In summary, even though elderly patients are at

a higher risk of bleeding than the young, transradial

access, bivalirudin in place of heparin and application of

a short duration of DAPT when appropriate could be used

to reduce major bleeding complications during CTO-PCI

in elderly patients.

The Future of PCI in Elderly
Patients with CTOs
The guideline and the CRUSADE Quality Improvement

Initiative trial showed patients at high risk could get

greater benefit from coronary revascularization than

patients at low risk.94,95 The elderly patients often had

more extensive CAD, more severe ischemic burden and

higher risk of cardiovascular events than younger patients,

and thereby they might greatly benefit from CTO-PCI,
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known as “treatment-risk paradox”, is common in PCI

field.96 These findings also support the hypothesis that

age itself does not represents a contraindication to CTO-

PCI, which confers a significant benefit particularly in case

of extensive CAD and depressed left ventricular function.

Dedicated and experienced CTO operators and specialized

heart teams should focus on these high-risk patients.

Elderly CTO patients should be focused on and inclusion

criteria to include real world patients should be expanded in

future clinical trials and studies. Interventional cardiologists

should also consider the effects of elderly patient frailty,

comorbidities and bleeding risk on PCI outcomes. Risk

stratification and a holistic assessment should be done before

CTO-PCI. Table 2 summarize factors that should be consid-

ered when CTO-PCI was performed in elderly patients

based on the current literature.

With increasing age, the goal and importance of treat-

ing heart disease, especially CAD, have shifted from

prolonging life to improving health status and quality of

life and maintaining independence. Ischemic symptom

improvement is the primary indication for CTO-PCI.

Recent advances in CTO-PCI equipment and techniques,

such as dedicated guidewires, microcatheters, antegrade

dissection reentry, retrograde techniques and hybrid CTO

algorithm, have made the procedures that elderly patients

underwent were as safe and effective to improve patient

outcomes as those in younger patients. CTO-PCI should

not be avoided based on age alone, and the subset of

elderly CTO patients will gain some benefit from inter-

vention. Because the proportion of elderly people is grow-

ing worldwide, the review focus on this high-risk subset of

patients may be particularly meaningful.

Conclusion
Accordingly, with the latest refinements equipment and

techniques, similar success rates in elderly and young

patients, it is safe and effective when performed in high-

volume CTO-PCI centers and by experienced operators, and

may be actively considered as a treatment option for elderly

CTO patients to achieve complete myocardial revasculariza-

tion. Well-designed, large randomized clinical trials com-

pared PCI with DES, optimal medical therapy, and CABG

for the management of elderly CTO patients are warranted.
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