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Aims Chronic total occlusions (CTOs) are commonly found on diagnostic angiography, and there is some
evidence from one study that successful percutaneous revascularization leads to an improvement in
long-term survival rates. However, this study included patients treated for unstable angina with
short-duration occlusion, and stent implantation was utilized in only 7%. We re-evaluated the long-
term outcomes of a large consecutive series of patients with a CTO of .1-month duration treated at
our centre, with stent implantation utilized in the majority.
Methods and results All patients treated with percutaneous coronary intervention (PCI) between 1992
and 2002 were retrospectively identified from a dedicated database. A total of 874 consecutive patients
were treated for 885 CTO lesions. Mean follow-up time was 4.47+ 2.69 years (median 4.10 years).
Patients were evaluated for the occurrence of major adverse cardiac events (MACE) comprising
death, acute myocardial infarction, and need for repeat revascularization with either coronary artery
bypass surgery or PCI. Successful revascularization was achieved in 576 lesions (65.1%), in which
stent implantation was used in 81.0%. At 30 days, the overall MACE rate was significantly lower in
those patients with a successful recanalization (5.5 vs. 14.8%, P, 0.00001). At 5 years, survival was
significantly higher in those patients with a successful revascularization (93.5 vs. 88.0%, P ¼ 0.02). In
addition, there was a significantly higher survival free of MACE (63.7 vs. 41.7%, P, 0.0001), with the
majority of events reflecting the need for repeat intervention. Independent predictors for survival
were successful revascularization, lower age, and the absence of diabetes mellitus and multivessel
disease.
Conclusion Successful percutaneous revascularization of a CTO leads to a significantly improved survival
rate and a reduction in major adverse events at 5 years. Most events relate to the need for repeat
reintervention, and the introduction of drug-eluting stents, with low-restenosis rates, encourages the
development of technologies to improve recanalization success rates. However, failed recanalization
may be associated acutely with an adverse event, and new technologies must focus on a safe approach
to successful recanalization.
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Introduction

Recent data suggest that approximately one-half of patients
with significant coronary disease on angiography have at
least one chronic total occlusion (CTO).1 Yet, data suggest
that percutaneous coronary intervention (PCI) for a CTO
accounts for approximately only 10–15% of angioplasty pro-
cedures, with the majority of patients treated with either
coronary artery bypass surgery (CABG) or medical therapy.
When compared with non-occlusive lesions, PCI for a CTO
is associated with lower procedural success rates predomi-
nantly related to the inability to cross the lesion.
However, technical advances in the design of angioplasty
equipment, particularly of specialized wires, have improved
recanalization rates. The choice of therapy for patients with

a CTO (PCI vs. CABG vs. medical therapy) is dependent on
local policies, and outcomes of revascularization are depen-
dent on operator experience. In the current study, we ana-
lysed the trends in revascularization and the treatment of
CTOs at the Thoraxcenter, Rotterdam, between 1992 and
2002.

In addition, the long-term outcomes of patients with PCI
for a CTO were analysed. Previously, a large single centre
series of more than 2000 patients importantly demonstrated
that successful percutaneous revascularization of a CTO
confers a significant 10-year survival rate when compared
with failed revascularization.2 This study analysed patients
treated between 1980 and December 1999 in the Mid-
America Heart Institute and included all patients treated
for an occluded vessel, provided they had not had a myocar-
dial infarction within the preceding 7 days. Therefore, those
with relatively recent thrombotic occlusions and unstable
angina were included. Indeed, one of the multivariable
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predictors for long-term mortality was percutaneous inter-
vention undertaken in patients with unstable angina. In
addition, only 7% of patients with successful revasculari-
zation were treated with stent implantation. Long-term
outcomes of CTOs have been improved because the
widespread introduction of stent utilization, which is associ-
ated with reduced rates of restenosis and re-occlusion when
compared with balloon-only angioplasty.3–6 In the current
study, we analysed whether the benefits demonstrated in
the MAHI study are applicable to PCI carried out in chronic
occlusions in another tertiary centre. In our study, CTO
was more strictly defined, those with occlusion related to
unstable angina and recent (,1 month) occlusion were
excluded, and in addition, stent implantation was used in
the majority.

Methods

Demographic and procedural data regarding all patients undergoing
PCI at our centre are prospectively entered into a dedicated data-
base. All procedures undertaken for an occluded vessel between
1 January 1992 and 31 December 2002 were retrospectively identi-
fied (n ¼ 2131). Those treated in the setting of acute myocardial
infarction (AMI) and recent (,1 month) occlusion were excluded,
leaving a total of 874 consecutive patients treated for CTO.

CTO was defined as a lesion exhibiting thrombolysis in myocardial
infarction flow grade 0–1. All patients included had at least one
occlusion within a native vessel; occlusions within saphenous vein
grafts were excluded. Duration of occlusion was estimated to be
at least 1 month on the basis of a history of sudden chest pain, a pre-
vious AMI in the same target vessel territory, or the time between
the diagnosis made on coronary angiography and PCI. Procedures
were undertaken using standard techniques of the time. All patients
were treated with heparin to maintain an ACT .250 s and all were
on long-term aspirin therapy. For those treated with stent implan-
tation prior to 1996, additional anticoagulation was provided with
the use of warfarin given for 1 month. Subsequent to that time, a
thienopyridine was used (ticlopidine or clopidogrel). Procedural
success was defined as successful recanalization and dilatation of
the vessel with or without stent implantation, with a final residual
diameter stenosis ,50%.

Median follow-up time was 4.48 years (quartiles 2.72, 6.64 years).
All patients were assessed for the occurrence of major adverse
cardiac events (MACE) comprising death, non-fatal AMI, and
repeat revascularization (PCI and/or CABG). Long-term survival
status was assessed by written enquiries to the Municipal Civil
Registries. Follow-up clinical data were determined from electronic
hospital archives and by questionnaires sent to all living patients.
The referring physician and institutions as well as the general prac-
titioners were directly approached whenever necessary. Complete
30-day clinical follow-up was obtained in all patients, with complete
long-term follow-up data obtained in 99% patients up to 1 April
2004. The diagnosis of AMI required an elevation of creatine
kinase to twice the upper limit of normal, together with a rise in
creatine kinase-MB fraction. If made following patient admission
to another hospital, the diagnosis of AMI was confirmed through
direct contact with the referring physician, using the same criteria.

Statistics

Discrete variables are presented as percentages and compared with
Fisher’s exact test. Continuous variables are expressed as
mean+ SD and compared with Student’s t-test. Cumulative survival
free of major adverse events were calculated according to the
Kaplan–Meier method. The log-rank test was used to compare
event-free survival between the groups. Multivariable analyses
were performed using backward and forward stepwise Cox

regression. Baseline characteristics were included if they were
(i) associated with high incidence of cardiac events (P, 0.1) or
(ii) known risk factors from the literature. Pre-selected variables
were age, gender, diabetes mellitus, hypertension, hypercholeste-
rolaemia, presence of multivessel disease, impaired left ventricular
function, prior AMI, prior PCI, prior CABG, use of a glycoprotein
IIb/IIIa inhibitor, target vessel, successful procedure, and use of a
stent. The proportional hazard assumptions were investigated by
testing the constancy over time of the log-hazard ratio for each
model. In addition, the proportional hazard assumption for all
covariates was tested using Schoefeld residuals. According to
these tests, the proportional hazard assumption was not validated.
Linearity was checked graphically and by inclusion of continuous
variables both according to quintiles. Absence effect of the
grouped variable indicates that the effect is linear. Also assumptions
of linearity were assessed and satisfied using a general linear model
univariate method. No deviation from linearity was found in any
continuous variable. To investigate interaction, an interaction
model was performed using a likelihood ratio test in the multi-
variable Cox. Interaction was performed on all selected variables.
However, no interaction was found. Odds ratio with corresponding
95% confidence intervals is reported. All tests were two-tailed;
because of the large number of statistical tests, P-values should
be interpreted with caution. Although no specific level of signifi-
cance is defined, a P-value of 0.01 should be considered for strong
evidence in support of a true effect.

Results

Between 1 January 1992 and 31 December 2002, a total of
874 patients underwent PCI for at least one CTO. Of these,
11 had attempted revascularization of two CTOs, making a
total of 885 attempted lesions. Overall, successful revascu-
larization was achieved in 576 lesions (65.1%), with failure
in the remaining 309 (34.9%). Of the 11 patients with
attempted therapy of two CTOs, PCI outcome was the
same in both lesions in eight patients. The remaining three
patients with both one success and one unsuccessful PCI
have been excluded from further analysis. The baseline
demographics for the remaining patients are presented in
Table 1. There were no significant differences in character-
istics, though a trend towards an increase in two- and
three-vessel disease in those in whom PCI for occlusion
was unsuccessful. Over time, the proportion of patients
with coronary disease who underwent revascularization
with PCI as opposed to CABG surgery increased with time
(Figure 1 ). Similarly, there was a trend to an increased pro-
portion of PCI for CTO (Figure 2 ). Percutaneous CTO therapy
was undertaken utilizing the contemporary techniques of
the time including specialized hydrophilic, tapered tip,
and stiff wires when available, with the laser wire used in
72 (8.1%). However, despite the introduction of more
specialized technologies, the success rate of recanalization
did not improve (Figure 2 ). Following successful recanaliza-
tion, the overall use of stent implantation was 81.0%, with
stent utilization increasing with time (Figure 3 ).
The 30-day MACE rates are presented in Table 2. In

addition, this table demonstrates the events directly
related to the procedure and occurring within the first
48 h. A failed recanalization procedure was associated
with a significantly higher rate of MACE in the immediate
period following the procedure. In the long term, all out-
comes were significantly worse following a failed attempt
at revascularization. The 5-year survival was significantly
lower when revascularization was successful (Figure 4 )
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and the survival free of AMI, CABG, and MACE were also sig-
nificantly lower (Figures 5–7 ). By multivariable analysis, the
independent predictors for survival and MACE following PCI
for CTO are presented in Table 3. The presence of multives-
sel disease was an independent predictor for both survival
and MACE. The cumulative survival free of MACE with
respect to the presence of single against multivessel coro-
nary disease is shown in Table 4.
Overall, survival was significantly lower in those patients

with diabetes mellitus (Figure 8 ). Within the diabetic popu-
lation, 5-year survival was 84.9% in those with a successful
recanalization against 79.1% following unsuccessful recana-
lization, P ¼ 0.4, suggesting that most of the benefit in
terms of survival following successful recanalization is in
the non-diabetic group. However, the beneficial effect of
successful recanalization of a CTO on survival free of MACE
remains clearly apparent (Figure 9 ), irrespective of diabetic

status. Successful recanalization led to a 5-year MACE-free
survival of 63.7 and 62.3% in those with and without dia-
betes mellitus, respectively. Following unsuccessful recana-
lization, the 5-year MACE-free survival was 42.0 and 41.5%
for those with and without diabetes mellitus, respectively,
P , 0.0001.

Discussion

The present study evaluated only consecutive patients with
CTO of at least 1-month duration and for the first time con-
firms a 5-year survival benefit in successful recanalization of
these lesions. In addition, there was a significant reduction
in MACE, particularly the need for revascularization with
CABG. Independent predictors of survival were a successful
recanalization, lower age, and the absence of diabetes
mellitus and multivessel disease. Independent predictors of
major adverse events were an unsuccessful recanalization,
multivessel disease, and non-usage of stent implantation.

Although one large series of the long-term outcomes of
patients following PCI for CTO has been published, the
authors acknowledged that their study was limited as they
did not always know the duration of occlusion.2 Indeed,
analysis of 100 consecutive patients who had been included
in the study demonstrated that 42% were of ,1-month
duration. These patients are likely to have thrombotic
occlusions rather than the fibrotic/calcific lesion of a CTO.
This difference in lesion pathophysiology may affect the
long-term outcome; indeed, one of the independent predic-
tors for survival in the MAHI study was therapy for unstable
angina. In the present study, we have confirmed that a suc-
cessful outcome following PCI for a truly chronic occlusion
does confer a significant benefit on survival and reduces the
rate of MACE with a marked reduction in the need for CABG.

The difference in the rate of MACE between those with a
successful and unsuccessful recanalization was apparent

Table 1 Baseline patient demographics and target vessel site respect to a successful against
an unsuccessful CTO revascularization procedure

CTO success
(n ¼ 567)

CTO failure
(n ¼ 304)

P-value

Age (years) 59.6+ 10.8 60.5+ 10.4 0.2
Male sex (%) 73.6 72.2 1.0
Diabetes mellitus (%) 12.0 9.1 0.2
Hypertension (%) 20.3 21.0 0.7
Hypercholesterolaemia (%) 48.6 43.3 0.2
Family history of coronary
disease (%)

21.9 18.8 0.3

Impaired LV function (%) 32.5 38.1 0.5
Previous myocardial infarction (%) 55.7 49.2 0.2
Previous PCI (%) 24.3 23.0 0.9
Previous CABG (%) 8.7 10.4 0.4
Vessel disease 0.03
Single vessel (%) 46.0 32.6
Two vessel (%) 36.2 40.5
Three vessel (%) 17.8 27.0

Number of lesions 573 306
Target vessel of the lesion 0.8
RCA (%) 42.2 52.6
LAD (%) 33.2 26.5
LCX (%) 24.4 20.6
LMS (%) 0.2 0.3

Figure 1 Trends in the number of revascularization procedures with PCI
against CABG at the Thoraxcenter.
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immediately (at 48 h), which is predominantly related to the
need for emergency CABG in the failed recanalization group.
Therefore, an acute complication of CTO recanalization
confers serious adverse consequences in the short term,
which would have been potentially avoided if an alternative
treatment option had been undertaken. It is particularly
important to note that the mortality rate of those with a
failed procedure was not insignificant at 1.9% at 30 days.
The present study demonstrated a 5-year survival benefit

following successful CTO recanalization. The possible
reasons for the improved survival are beyond the scope of
the present study. There were differences in the medical
therapy received by the two groups, which could potentially
be a confounding factor. Unlike those with a failed recanali-
zation, the group with a successful recanalization together
with stent implantation was treated with additional
medical therapy with warfarin, ticlopidine, or clopidogrel.
However, this was given for only 1 month, and it is unlikely
that such a short duration of therapy is the reason for the
improved long-term outcomes. More likely, improved survi-
val may relate to the greater proportion of viable but
inadequately perfused myocardium. The improvement in
prognosis following successful revascularization might
relate to the associated improvement in left ventricular
function7,8 or a reduction in the risk of ischaemic-driven
malignant arrhythmia. In addition, a successful procedure

could potentially avoid the need for CABG with its associ-
ated mortality risk.
In the present study, the survival benefit of successful CTO

recanalization was most apparent in those with multivessel
rather than single-vessel disease. Indeed, the patients
with single-vessel disease and failed recanalization had a
very high rate of survival at 5 years of 98.9%. Approximately
half of these patients underwent CABG or repeat reinterven-
tion with PCI, with a survival free of MACE at 5 years of
45.8%. The remaining patients were treated with medical
therapy alone, and although this constitutes only a rela-
tively small number of patients, the excellent survival rate
suggests that from a prognostic point of view, medical
therapy may not be unreasonable. Little data are currently
available on the outcomes of patients with a CTO who are
managed with optimal medical therapy (aspirin, beta-
blocker, statin, ACE-inhibitor, etc.). In particular, those
with an excellent collateral circulation may have a very
good prognosis. Therefore, our study does not provide scien-
tific proof to support a broad generalized recommendation

Figure 3 Utilization of stent implantation following successful recanaliza-
tion of a CTO with respect to the year of intervention.

Figure 2 Trends in the increase in the proportion of PCI for a CTO and
success rates of PCI for a CTO with respect to the year of intervention.

Table 2 Incidence of MACE at 2 and 30 days

CTO success
(n ¼ 567)

CTO failure
(n ¼ 304)

P-value

Death, n (%)
2 days 2 (0.4) 3 (1.0) 0.2
30 days 4 (0.7) 6 (2.0) 0.09

Death or AMI, n (%)
2 days 3 (0.5) 5 (1.6) 0.1
30 days 7 (1.2) 7 (2.3) 0.2

Death or CABG, n (%)
2 days 7 (1.2) 13 (4.3) 0.004
30 days 10 (1.8) 30 (9.9) ,0.00001

MACE, n (%)
2 days 14 (2.5) 17 (5.6) 0.02
30 days 31 (5.5) 45 (14.8) ,0.00001

Figure 4 Cumulative survival at 5 years with respect to the outcome of
attempted recanalization of a CTO.
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to try to open all CTOs; a randomized study comparing
‘best’ medical therapy with a more aggressive strategy of
attempted recanalization would be required to assess this.
Importantly, we need studies with more detailed assessment
of left ventricular function, degree of viability, and ischaemic
burden, both pre-procedure and at follow-up, to determine
the relationship these factors have on long-term survival.
The Thoraxcenter in Rotterdam is a tertiary referral

centre for PCI, taking referrals from 13 surrounding hospitals
covering a large region. The majority of patients requiring
repeat reintervention, whether it be percutaneous or surgi-
cal, come back to be retreated in our centre. As in other
centres, the number of percutaneous revascularizations
increased over time, whereas that of CABG gradually
decreased. In addition, the relative number of PCI pro-
cedures carried out for a chronic occlusion also increased

with time. However, the overall success rate of recanaliza-
tion remained stable despite the advances in the technology
of specialized wires and other equipments. The chances of
successful recanalization are known to be dependent on
lesion morphology and it is possible that with time and the
increase in PCI for CTO, relatively more complex lesions
were attempted.

It is well recognized from large-scale studies that mor-
tality is higher following PCI procedures in those with
diabetes when compared with those without diabetes
mellitus.9,10 Our study concurs with these results, with a sig-
nificantly lower 5-year survival in diabetics (83.6 vs. 92.7%,
P ¼ 0.001). However, the beneficial effect of successful
recanalization of a CTO on overall survival free of major
adverse events was clearly apparent to be irrespective of
diabetic status (Figure 9 ).

Of those patients with a successful revascularization, the
majority of subsequent adverse events relate to a need for
repeat reintervention. Long-term results have been shown
to improve with the advent of stent implantation, with
reduced rates of restenosis and re-occlusion when compared

Figure 6 Cumulative survival free of CABG at 5 years with respect to the
outcome of attempted recanalization of a CTO.

Figure 5 Cumulative survival free of AMI at 5 years with respect to the
outcome of attempted recanalization of a CTO.

Figure 7 Cumulative survival free of MACE [death, AMI, or repeat reinter-
vention (percutaneous or bypass surgery)] at 5 years with respect to the
outcome of attempted recanalization of a CTO.

Table 3 Independent predictors of death and MACE after
attempted PCI of a CTO

Hazard
ratio

95% CI P-value

Death
Successful

revascularization
0.58 0.34–0.98 0.04

Age 1.04 1.02–1.07 0.002
Diabetes mellitus 2.49 1.33–4.66 0.005
Multivessel disease 4.29 1.93–9.55 ,0.001

MACE
Successful

revascularization
0.55 0.44–0.70 ,0.001

Multivessel disease 1.43 1.14–1.79 0.002
Use of a stent 0.69 0.54–0.88 0.002
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with results of balloon-only angioplasty. However, the recent
introduction of drug-eluting stents will further improve on
these results. Data from our own centre have shown a
significant higher cumulative survival free of MACE at 1
year with the sirolimus-eluting stent when compared
with bare metal stent implantation (96.4 vs. 82.8%,
P, 0.05).11 Similar results have also been shown with the

paclitaxel-eluting stent.12 These results encourage the
development of further technologies to facilitate safe and
successful CTO recanalization.

Limitations

The present study is limited by being a retrospective obser-
vational analysis of outcomes. However, it comprises a large
cohort of patients with complete clinical follow-up obtained
in virtually all. The study is further limited by the lack of
randomized comparison with a group of patients treated
with medical therapy alone or those treated directly with
CABG. In addition, the possible reasons for improved survival
in the successful recanalization group have not been fully
explored and require further study.

Conclusions

Successful percutaneous revascularization of a CTO leads to
a significantly improved survival rate and a reduction in
major adverse events at 5 years. Most events relate to the
need for repeat reintervention, and the introduction of
drug-eluting stents, with reduced restenosis rates,
encourages the development of further technologies to
improve recanalization success rates. However, failed reca-
nalization may be associated acutely with a major adverse
event, and new technologies must focus on a safe approach
to successful recanalization. Additional studies are
needed to evaluate the comparative prognostic value of
CTO recanalization when compared with optimal
medical therapy, particularly in patients with single-vessel
disease.
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