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Abstract

Aims: Few data are available on outcomes of percutaneous coronary intervention (PCI) for coronary
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« chronic total chronic total occlusions (CTO) in very elderly patients in the drug-eluting stent (DES) era. We aimed to
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investigate long-term survival in a single-centre cohort of elderly patients following CTO PCI using DES.

Methods and results: A total of 2,002 consecutive patients who underwent PCI of a CTO at our centre
between January 2005 and December 2013 were followed for a median of 2.6 years (interquartile range
1.1-3.1 years). Four hundred and nine (409) patients were older than 75 years. The absolute reduction in all-
cause mortality by successful CTO PCI was numerically greater in elderly patients as compared to younger
patients (22.1% vs. 7.2% at three years). In multivariate models, successful CTO PCI was significantly
associated with improved survival in both elderly (adjusted hazard ratio [HR] 0.58, 95% confidence inter-
val [CI]: 0.39 to 0.87; p=0.009) and younger patients (adjusted HR 0.59, 95% CI: 0.40 to 0.86; p=0.006).

Conclusions: In the DES era, elderly patients (>75 years) derive a similar survival benefit from successful
CTO PCI to younger patients. These findings suggest that CTO PCI, when indicated, should not be with-
held from the elderly.
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Abbreviations
CABG  coronary artery bypass graft

Cl confidence interval

CTO chronic total occlusion

DES drug-eluting stent

eGFR estimated glomerular filtration rate
HR hazard ratio

mi myocardial infarction

PCI percutaneous coronary intervention

TIMI Thrombolysis In Myocardial Infarction

Introduction
Percutaneous management of coronary chronic total occlusions
(CTO) is a rapidly evolving field and the prevalence of CTO is
highest in elderly individuals'. Despite growing evidence suggest-
ing that revascularisation is associated with improved survival in
elderly patients, this population is less likely to undergo attempted
CTO revascularisation as compared to younger patients®. The high
prevalence of comorbidities and frailty, and the wide variation of
risk, together with higher complication rates and poorer procedural
success rates, may render the decision to perform CTO percutane-
ous coronary intervention (PCI) in aged individuals challenging.
Although more extensive coronary artery disease (CAD) and
ischaemic burden are frequently encountered in the elderly, and not-
withstanding the fact that this population may greatly benefit from
coronary revascularisation, most clinical trials exclude older patients
above the age of 75%*. Indeed, more than 50% of the CAD trials
did not enrol any patients over the age of 75°. Several studies have
demonstrated that successful CTO PCI significantly improves car-
diac function and survival in younger and middle-aged persons®®.
However, data in an elderly patient population are lacking. Thus,
given the limited available data on CTO PCI in aged individuals
in addition to the rapid evolution of PCI techniques as well as the
improvement of PCI outcomes in the elderly, the current study was
designed to compare the long-term survival benefit of successful
CTO PCI in elderly patients with that of younger patients.

Methods
PATIENT SELECTION AND FOLLOW-UP
As part of the quality management programme at our institution,
we maintain a database of demographics, angiographic and pro-
cedural data as well as in-hospital and long-term outcome data
of all patients undergoing PCI in our catheterisation laboratory.
Consecutive patients who underwent elective PCI of at least one
CTO between January 2005 and December 2013 at our centre
were included in this study. The indication for PCI of the CTO
was the presence of symptomatic angina, and/or at least one of
the following — presence of viable myocardium on cardiac mag-
netic resonance imaging, or inducible ischaemia either on stress
echocardiography or myocardial perfusion scan.

Patients were followed prospectively by telephone interview
at 30 days, one year and three years after PCI in the present
study. In addition, follow-up data were obtained from hospital
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re-admission records, telephone contact with the referring physi-
cian or outpatient visits.

STUDY ENDPOINTS AND DEFINITIONS

A CTO was defined as angiographic evidence of Thrombolysis In
Myocardial Infarction (TIMI) flow grade 0 within an occluded arte-
rial segment of more than three months duration. In the absence of
previous angiographic documentation, the duration of the occlusion
was estimated clinically, based on the onset of symptoms or timing
of myocardial infarction (MI) in the CTO-related artery. Successful
CTO PCI was defined as recanalisation of the lesion with residual
stenosis <30% and TIMI flow grade 3. After PCI, all patients were
prescribed lifelong aspirin in addition to clopidogrel for at least six
months after drug-eluting stent (DES) implantation.

The primary endpoint was all-cause mortality. The secondary
endpoint was the cumulative incidence of major adverse cardio-
vascular events (MACE), defined as the composite of all-cause
death, non-fatal myocardial infarction, and target vessel revascu-
larisation (TVR) including PCI and CABG. For in-hospital events,
the MACE definition has been previously published in detail

STATISTICAL ANALYSIS

For the purposes of the current analysis, we defined patients
aged >75 years as elderly. Continuous variables are presented as
meantstandard deviation (SD), or as median (interquartile range).
Categorical variables are presented as frequencies (percentages).
The Kolmogorov-Smirnov test was used to test for normality of dis-
tribution. Continuous variables were compared with the unpaired
Student’s t-test or the Mann-Whitney U test, and categorical vari-
ables with Pearson’s y* test or Fisher’s exact test, as appropriate.
We derived hazard ratios (HR) with associated 95% confidence
intervals (CI) from univariable and multivariable Cox proportional
hazards models. Apart from CTO PCI success/failure, we selected
baseline variables that showed a significant association with CTO
PCI success as independent variables for the multivariable Cox
models. As published previously, the selected variables were: diabe-
tes, hypertension, estimated glomerular filtration rate, prior myocar-
dial infarction, prior CABG, left ventricular ejection fraction <40%,
multivessel disease and moderate/severe calcifications’. A Cox pro-
portional hazards regression test of interaction (elderly/younger
status by procedural success/failure status) was performed to elu-
cidate potential differences between elderly and younger patients in
terms of the effects of procedural success on the outcome measures.
Kaplan-Meier survival curves and the log-rank test were used to
provide comparisons among groups. A two-sided p-value of <0.05
was considered statistically significant. For the statistical analyses,
SPSS software package, Version 18 (SPSS Inc., Chicago, IL, USA),

was used.

Results

STUDY POPULATION AND PROCEDURAL OUTCOME

A total of 409 (20%) patients were aged >75 years and were
at higher baseline risk (Table 1). Elderly patients were more
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Table 1. Baseline demographic characteristics.

Age >75 years Age <75 years
Age Age Success CTO | Failure CTO Success CTO | Failure CTO
Variable >75 years <75 years N=1,355, N=238,
N=409 N=1,593 85.1% 14.9%
Age, years 79.5+3.8 61.5+8.6 |<0.001 79.2+3.5 80.2+4.1 0.029 61.3+8.6 63.1+8.2 0.003
Female gender 301 (73.6%) 1,369 (85.9%)|<0.001 | 85(27.7%) | 23 (22.5%) | 0.187 | 187 (13.8%) | 37 (15.5%) | 0.266
Body mass index 26.9+3.7 28.4+4.4 <0.001 27+3.9 26.7+3.8 0.436 28.4+4.4 28.4+4.8 0.997
Diabetes mellitus | 129 (31.5%) | 461 (28.9%) | 0.302 | 98 (31.9%) | 31(30.4%) | 0.437 | 376 (27.7%) | 85(35.7%) | 0.008
Current smoking 24 (5.9%) | 377 (23.7%) |<0.001 | 20 (6.5%) 4 (3.9%) 0.241 | 316 (23.3%) | 61 (25.6%) | 0.243
Dyslipidaemia 340 (83%) | 1,369 (87%) | 0.027 | 263 (85.7%) | 77 (75.5%) | 0.015 |1,178 (86.9%)| 208 (87.4%) | 0.472
Hypertension 371(90.7%) 1,276 (80.1%)| <0.001 | 279 (90.9%) | 92 (90.2%) | 0.486 |1,068 (78.8%)| 208 (87.4%) | 0.005
Family history 97 (23.7%) | 651 (40.9%) |<0.001 | 71 (23.1%) | 26 (25.5%) | 0.359 | 560 (41.3%) | 91 (38.2%) | 0.205
eGFR 59.4+20 96+32 <0.001 60+20 57+22 0.213 97+32 90+33 0.004
CKD 222 (54.5%) | 172 (10.9%) |<0.001 | 167 (54.5%) | 55 (53.9%) | 0.512 | 133(9.8%) | 39(16.4%) | 0.003
Cholesterol total 184.6+44 190.5+49 0.029 | 184+43.9 186.4+44.2 | 0.645 191+48.2 187.7+48.5 | 0.340
HDL 54.7+16.8 48+13.8 <0.001 55+17.2 53.4+15.2 | 0.410 | 48.1+13.7 47.5+13 0.500
LDL 112.4+37.9 | 117.6+41.6 | 0.024 | 111.5+37 115.5+39.4 | 0.358 | 118.1+41.4 114.7+40 0.241
Prior M 103 (25.2%) | 390 (24.5%) | 0.407 | 74 (24.1%) | 29 (28.4%) | 0.228 | 320 (23.6%) | 70(29.4%) | 0.035
Prior CABG 71(17.4%) | 221 (13.9%) | 0.046 46 (15%) 25(24.5%) | 0.022 | 172 (12.7%) | 49 (20.6%) | 0.001
Prior PCI 69 (16.9%) | 241 (15.1%) | 0.213 | 55(17.9%) | 14 (13.7%) | 0.206 | 222 (16.4%) 19 (8%) <0.001
LVEF <40% 86 (21%) 262 (16.4%) | 0.019 | 60(19.5%) | 26 (25.5%) | 0.129 | 215 (15.9%) | 47 (19.7%) | 0.083
Values are given as mean+SD or numbers and percentage. CABG: coronary artery bypass graft; CKD: chronic kidney disease; CTO: chronic total
occlusion; eGFR: estimated glomerular filtration rate; HDL: high-density lipoprotein cholesterol; LDL: low-density lipoprotein cholesterol; MI: myocardial
infarction; PCI: percutaneous coronary intervention

frequently male (<0.001), had a higher prevalence of comorbidi-
ties including hypertension (<0.001) and chronic kidney disease
(<0.001), and more frequently had left ventricular systolic dys-
function (0.02).

Successful CTO PCI was achieved in 307 (75%) patients.
Elderly patients with failed CTO PCI were older, more often
had a history of prior CABG and were less frequently diagnosed
with dyslipidaemia. Furthermore, they more often had moderate/
severe calcified lesions and longer fluoroscopic time (Table 2). In
patients <75 years, those with successful CTO PCI were younger,
had a higher mean estimated glomerular filtration rate, and less
often presented with hypertension and a history of prior CABG.
Furthermore, they were less likely to have multivessel disease,
moderate/severe calcified atherosclerotic plaques, and long CTO
lesions.

A retrograde attempt was tried more frequently in younger
patients and fluoroscopy time was shorter (Table 2). The suc-
cess rate of CTO PCI was significantly higher than with elderly
patients (85% vs. 75%; p<0.001).

IN-HOSPITAL OUTCOME

In-hospital complications are summarised in Table 3. Nine patients
(0.4%) died: eight cardiovascular deaths and one death due to sep-
tic shock were observed. There were no significant differences in
terms of in-hospital MACE rates between elderly and younger

patients. Bleeding requiring transfusion was more frequently
encountered in elderly as compared to younger patients (p<0.001).

LONG-TERM SURVIVAL

After a median follow-up of 2.6 years (interquartile range 1.1-
3.1 years), 238 patients had died. All-cause mortality was signi-
ficantly higher in the elderly patients as compared to the younger
patients (26.7% versus 8.3%, p<0.001) (Figure 1A). This difference
in all-cause mortality between groups persisted after multivari-
able adjustment for baseline characteristics (adjusted HR 1.98,
95% CI: 1.47-2.66, p<0.001). Compared with younger patients,
elderly patients had higher rates of MACE (39.6% versus 28.6%,
p<0.001) (Figure 1B), of the combined endpoint all-cause death
and myocardial infarction (31.3% versus 10.9%, p<0.001), as well
as of target vessel revascularisation (12.7% versus 20%, p<0.001).
The adjusted incidence of MACE was similar in both groups
(adjusted HR 1.15, 95% CI: 0.93-1.41, p=0.19). Figure 2 shows
the cumulative mortality according to success or failure of recana-
lisation of CTO PCI stratified for patient age. In both groups, there
was a significant survival benefit of successful CTO PCI. Without
adjustment, the absolute reduction in mortality by successful CTO
PCI was numerically greater in elderly as compared to younger
patients (22.1% vs. 7.2% at three years, respectively). Successful
CTO PCI was associated with lower rates of all-cause mortality
in both the elderly (HR 0.55, 95% CI: 0.37-0.82; p=0.003) and
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Table 2. Angiographic and procedural characteristics.

Age >75 years Age <75 years

Variable

Age

>75 years
N=409

Age
<75 years
N=1,593

Success CTO

Failure CTO

Success CTO

Failure CTO
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CTO located 0.419 0.270

LAD 125 (30.6%) | 431 (27.1%) 91 (29.6%) | 34 (33.3%) 378(27.9%) | 53 (22.3%)

LCx 166 (40.6%) | 765 (48%) 123 (40.1%) | 43 (42.2%) 640 (47.2%) | 125 (52.5%)

RCA 112 (27.4%) | 388 (24.4%) 87 (28.3%) | 25 (24.5%) 330 (24.4%) | 58 (24.4%)

LM 6 (1.5%) 9 (0.6%) 6 (2.0%) 0 (0%) 7 (0.5%) 2 (0.8%)

Vessel disease <0.001 0.547 0.001

1 54 (13.2%) | 314 (19.9%) 42 (13.7%) | 12 (11.8%) 288 (21.3%) | 26 (10.9%)

2 101 (24.7%) | 471 (29.6%) 79 (25.7%) | 22 (21.6%) 387 (28.6%) | 84 (35.3%)

3 254 (62.1%) | 808 (50.7%) 186 (60.6%) | 68 (66.7%) 680 (50.2%) | 128 (53.8%)
Multivessel disease | 355 (86.8%) | 1,279 (80.3%) 265 (86.3%) | 90 (88.2%) | 0.379|1,067 (78.7%)| 212 (89.1%) | <0.001
CTO length >20 mm | 303 (74.1%) | 1,221 (76.6%) 229 (75.6%) | 74 (72.5%) | 0.387|1,028 (75.9%)|193 (81.1%)| 0.045
(’;’;‘I’gﬁ[:;e/se"ere 272 (66.5%) | 849 (53.3%) |<0.001|190 (61.9%) | 82 (80.4%) | <0.001| 686 (50.6%) |163 (68.5%)|<0.001
Previous failed attempt | 53 (13%) | 317 (19.9%) | 0.001| 43(14%) | 10(9.8%) | 0.187| 267 (19.7%) | 50 (21%) | 0.349
Drug-eluting stent 272 (66.5%) 1,282 (80.5%) 272 (88.6%) 1,282 (94.6%)

Number of stents 2.98+1.6 2.94+1.5 0.646| 1.54+0.8 1.59+0.8
Total stent length 58.6+45.4 | 66+42.8 | 0.002| 40+22 42.4+23
CTO method <0.001 0.389 <0.001

Egg'r%ga'jﬁe 66 (16.1%) | 410 (25.7%) 51 (16.6%) 371 (27.4%) | 39 (16.4%)

Anterograde 343 (83.9%) |1,183 (74.3%) 15 (14.7%) 984 (72.6%) | 199 (83.6%)

approach
Contrast volume (ml) | 315£153 321+157 | 0.508| 316+158 | 314+136 | 0.953| 320+156 327162 | 0.540
Fluoroscopy time (min) | 34229 36+38 0.308| 3127 43£31 |<0.001| 3539 42431 0.014
Procedural time (min) | 10054 10355 0.306| 96453 109+57 | 0.053| 10155 110+57 | 0.028

Values are given as mean+SD or numbers and percentage. CTO: chronic total occlusion; LAD: left anterior descending; LCx: left circumflex; LM: left
main; RCA: right coronary artery

Table 3. Procedural complications and in-hospital MACE.

Age >75 years
Age Success CTO | Failure CTO

Age <75 years
Success CTO|Failure CTO

Variable 275 years | <75 years | p-value N=1,355,
N=409 85.1%

MACE 4 (1%) 15(0.9%) | 0.564 3 (1%) 1 (1%) 0.684 | 10(0.7%) | 5(2.1%) | 0.060
Death 2(0.5%) | 7(0.4%) 0.577| 1(0.3%) 1(1%) 0.437 | 2(0.1%) 5(2.1%) | 0.001
Ml 2(0.5%) | 7(0.4%) 0.577| 2(0.7%) 0 (0%) 0.563 | 7(0.5%) (0%) 0.321
TVR 1(0.2%) | 3(0.2%) 0.599| 1(0.2%) 0 0.751 | 3(0.2%) 0 0.615
Coronary perforation 2(0.5%) | 3(0.3%) 0.271| 1(0.3%) 1 (1%) 0.437 | 3(0.2%) 0 0.615
Cardiac tamponade 2(0.5%) | 8(0.5%) 0.665 0 2 (2%) 0.062 | 5(0.4%) 3(1.3%) | 0.104
Cerebrovascular accident 1(0.2%) | 1(0.1%) 0.367 0 1 (1%) 0.249 1(0.4%) | 0.149
Surgical repair 3(0.7%) | 5(0.5%) 0.212 0 3(2.9%) | 0.015 0 5(2.1%) | <0.001
Vascular complication 0 2 (0.1%) 0.633 0 0 1(0.1%) 1(0.4%) | 0.277
Bleeding requiring transfusion | 9 (2.2%) | 3 (0.2%) | <0.001 | 5 (1.6%) 4(3.4%) | 0.162 3(0.2%) 0 0.615
CTO: chronic total occlusion; MACE: major adverse cardiac events; MI: myocardial infarction; TVR: target vessel revascularisation
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Figure 1. Kaplan-Meier curve estimates stratified by age. A) All-cause mortality. B) Major adverse cardiovascular events. MACE denotes

major adverse events (the composite of all-cause death, non-fatal myocardial infarction, and target vessel revascularisation). CI: confidence

interval; HR: hazard ratio

younger (HR 0.43, 95% CI: 0.29-0.62; p<0.001) patient groups
(p, =0.30) (Figure 2A, Figure 2B). These associations remained
significant after multivariable adjustments in both the elderly
(adjusted HR 0.58, 95% CI: 0.39-0.87; p=0.009) and the younger
(adjusted HR 0.59, 95% CI: 0.40-0.86; p=0.006) patient groups.
While in the group <75 years the rate of MACE was significantly
reduced in patients with procedural success (adjusted HR 0.70,
95% CI: 0.55-0.88, p=0.002), differences were not significant in
the >75 group (adjusted HR 0.84, 95% CI: 0.59-1.20, p=0.34)
(Figure 3A, Figure 3B).
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When planned CABG after failed CTO recanalisation was not
considered as MACE, the incidence of MACE was not significantly
different between successful and failed recanalisation in both
younger and elderly patients (adjusted HR 0.95, 95% CI: 0.74-1.23,
p=0.13, and 0.85, 95% CI: 0.54-1.06, p=0.35, respectively).

Discussion
This study demonstrates a similar survival benefit in elderly
(=75 years) as compared to younger patients after successful CTO

PCI in the contemporary DES era, with comparable low rates of
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Figure 2. Kaplan-Meier curve estimates for all-cause mortality with successful and failed CTO PCI. A) Older patients. B) Younger patients.
CI: confidence interval; CTO: chronic total occlusion; HR: hazard ratio; PCI: percutaneous coronary intervention
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Figure 3. Kaplan-Meier curve estimates for major adverse cardiovascular events with successful and failed CTO PCI. A) Older patients.

B) Younger patients. MACE denotes major adverse cardiovascular events (the composite of all-cause death, non-fatal myocardial infarction,

and target vessel revascularisation). CI: confidence interval; CTO: chronic total occlusion; HR: hazard ratio; PCI: percutaneous coronary

intervention

procedural complications and adverse in-hospital events. These
findings strongly suggest that CTO PCI, when indicated, should
not be withheld from the elderly patient population.

Previously, Hoebers et al were unable to show a significant
association between successful CTO PCI and mortality (during
median follow-up of 890 days 19.6% vs. 24.6%, p=0.13), which
might have been due to a smaller number of elderly CTO patients
in this earlier study'’. Nevertheless, they reported a lower inci-
dence of MACE after successful versus failed CTO PCI in elderly
patients (25.8% vs. 42.3%, p=0.02), which was mainly driven by
reduced referral for CABG in patients who underwent success-
ful CTO PCI. In our patient cohort, MACE rates did not dif-
fer between after successful versus failed procedures in elderly
patients, which may at least, in part, be explained by differences
in the definition of adverse events and TVR. Similarly, Tanaka
et al found a significantly lower mortality after successful versus
failed CTO PCI in elderly patients (>75 years), but not in younger
patients''. While our data are in agreement with their findings in
elderly patients, we also observed a survival benefit in younger
patients. The inconsistency may have arisen from very rigorous
exclusion criteria applied in the study by Tanaka et al, as patients
with prior CABG were excluded and the prevalence of multivessel
disease was rather low in their study. In contrast, we used an “all-
comer” design and applied wide inclusion criteria. Using rigorous
exclusion criteria may have led to a reference population that rep-
resents a “too healthy” part of the population which corresponds
with a limited number of adverse events, possibly leading to over-
fitting of multivariable models. Thus, we believe that our study
represents a reasonable balance in order to have a relevant elderly
reference population reflecting the real world, and is sufficiently
powered to assess adverse events following CTO PCI.

Overall, in-hospital MACE rates were low. These numbers com-
pare well with previous reports and mirror the high survival rate
following procedural success in this study population'?. Notably,
although more extensive and calcified CAD along with tortuous
anatomy and more severe coronary calcification were observed in
older patients, no significant difference was found for in-hospital
mortality between older and younger patients. Bleeding requir-
ing transfusion was significantly more common in elderly than in
younger patients. It is well described that post-procedural bleed-
ing is one of the most common critical complications occurring
in elderly patients following PCI*"*. A transradial approach has
been suggested to reduce bleeding complications during PCI'*".
Indeed, in CTO PCI, the transfemoral approach is still the most
extensively used access route, since CTO procedures usually
require the introduction of a larger lumen guiding catheter and
wider device application. Moreover, dual catheter deployment for
contralateral contrast injections and the retrograde approach can
be managed more easily via the femoral access. Notably, a recent
meta-analysis'® has shown that the majority of patients with bleed-
ing complications experienced non-access-site bleeding, indicating
that only a minor proportion of bleeding complications could have
been prevented by a radial approach. In addition, it has to be borne
in mind that the impact of access-site bleeding on survival is sub-
stantially lower than that of non-access-site bleeding

Historically, elderly patients undergoing elective PCI have con-
sistently shown lower rates of procedural success and higher rates
of complications including in-hospital mortality, stroke, vascular
complication, and recurrent MI compared to younger cohorts!'”!°.
Moreover, they show more extensive coronary artery disease, tor-
tuosity, and severely calcified atherosclerotic plaques. In addi-
tion, elderly patients often have multiple comorbidities including
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chronic kidney disease, which increase the risks associated with
PCI??!, Consistent with this notion, we found a higher percentage
of systolic dysfunction, chronic kidney disease, prior CABG and
coronary multivessel disease in the advanced age group, which
may have accounted for the lower CTO PCI success rate observed
in elderly patients as compared to younger ones. Nevertheless, the
procedural success rate of 75% in elderly patients was still high in
the present study and comparable with three other recent reports
in elderly patients!®!22,

The greatest absolute risk reduction (22.1%) for all-cause
mortality following successful CTO PCI was found in patients
>75 years of age. In younger patients, successful CTO PCI led
only to a 7.2% absolute risk reduction, indicating that the abso-
lute risk reduction is largely dependent on baseline risk which was
substantially higher in elderly patients!®*. Nevertheless, HRs for
survival after successful versus failed CTO PCI were not signi-
ficantly different between elderly and younger patients. Thus,
contrary to what may be assumed, elderly patients compared
with younger patients did not appear to profit more from recent
advances in PCI technologies such as the widespread use of DES,
or from more intensified post-procedural medical treatment such
as the administration of high-dose statins and platelet inhibitors.
Nevertheless, these recent advances may have contributed to the
overall success of CTO recanalisation by PCI. Indeed, recent US
registries have shown that, compared with BMS implantation,
the use of DES for revascularisation of CTOs is associated with
a lower long-term mortality rate**. Higher rates of multivessel PCI
and more prolonged dual antiplatelet therapy at the index proce-
dure in the DES-treated patients may contribute to a lower burden
of ischaemia and an improved ventricular function.

Limitations

There are limitations to this study that should be pointed out. First,
our study carries the inherent limitations of a retrospective single-
centre study. Second, only patients undergoing CTO revascularisa-
tion were included, and patients receiving only medical treatment
were not studied. Although we show survival benefits by success-
ful CTO PCI in both elderly and younger patients, it has to be
borne in mind that these findings based on registry data cannot
settle the issue. Specifically, we cannot exclude that additional
confounding factors that were not measured in the present study
might have influenced the outcome measures.

Conclusions

We found that successful CTO PCI is an independent positive
predictor of long-term survival in patients above the age of
75 years. Because the population has become an ageing society
with a consequent increase in the prevalence of CAD, the clini-
cal significance of improved outcomes in elderly patients after
successful CTO PCI is very important. Thus, revascularisation
CTO PCI therapy should be indicated in elderly patients when
appropriate, and should not be withheld owing to higher age or
greater morbidity.

Large randomised trials will be required to test whether CTO
PCI will improve long-term outcomes in elderly patients as com-
pared to medical standard-of-care treatment or CABG. In addition,
risk predictors for procedural failure will have to be identified in
this population in order to optimise patient selection and reduce
complications further.

Impact on daily practice

Elderly patients undergoing CTO PCI show the same survival
benefit as younger patients. Thus, patients should not be denied
percutaneous revascularisation of CTO because of advanced age.
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