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ORIGINAL ARTICLE

Early and long-term prognosis in patients with remaining chronic total
occlusions after revascularization attempt. A cohort study from the
SKEJ-CTO registry

Naja Stausholm Winthera,b, Emil Nielsen Holcka,b, Lone Juul Hune Mogensena, Salma Raghad Karima,b,
Ashkan Eftekharic and Evald Høj Christiansena,b

aDepartment of Cardiology, Aarhus University Hospital, Aarhus, Denmark; bDepartment of Clinical Medicine, Aarhus University, Aarhus,
Denmark; cDepartment of Cardiology, Aalborg University Hospital, Aalborg, Denmark

ABSTRACT
Objectives: The present study aimed to compare safety and long-term prognosis of patients with
chronic total coronary occlusions (CTO) stratified for remaining CTOs after percutaneous coronary
intervention (PCI).
Design: The study cohort consisted of patients with coronary artery disease who underwent CTO PCI in
a high volume tertiary center from 2009 to 2019 and were registered in Danish high-quality registers.
Patients with successful PCI of all CTOs were compared to patients with �1 remaining CTO post-proced-
ural. Primary endpoints were analysed using Cox-regression and Kaplan-Meier estimates, and included all-
cause mortality, major adverse cardio- and cerebrovascular events (MACCE) and a 30-day safety endpoint.
Results: Procedural success rate was 87.7%, and 76.5% of patients had all CTO(s) opened post-PCI.
Safety endpoint occurred in 4.6% of patients, and more frequently in patients with remaining CTO(s)
(RD 4.9, 95%CI 0.1, 9.8). All-cause mortality was higher in patients with remaining CTO(s) (Unadjusted
HR 1.65, 95% CI 1.03, 2.47, p¼ .015. Adjusted HR 1.32, 95%CI 0.88–1.99, p¼ .18) after eight years of fol-
low-up. Risk of MACCE was significantly higher in patients with remaining CTO(s) (Unadjusted HR 1.79,
95% CI 1.34–2.41, p< .001. Adjusted HR 1.51, 95% CI 1.11–2.05, p¼ .009).
Conclusions: In our centre, CTO PCI was associated with high success rate and low risk of 30-days
complications. Presence of remaining CTO(s) after final revascularization attempt was associated with
higher but statistically insignificant long-term mortality but was an independent predictor of MACCE.
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Introduction

Coronary artery disease (CAD) is a leading cause of mortality
and morbidity in the world [1]. Twenty percent of CAD
patients have a chronic total occlusion (CTO), which is associ-
ated with higher mortality compared to non-CTO CAD [2,3].
Only 15% of CTO patients are treated with percutaneous cor-
onary intervention (PCI), although previous research has
shown that PCI improves patients’ quality of life and relieves
symptoms [4,5]. Observational studies also suggest a beneficial
effect of successful recanalization on mortality and other clin-
ical endpoints [6,7]. However, the prospective randomized
trial DECISION-CTO found no such effect. Despite being
powered for clinical endpoints, a high crossover rate and a
premature stop of inclusion limited the interpretation of the
results [8]. CTO PCI is currently considered indicated in
patients with significant reversible ischemia and/or refractory
symptoms despite optimal medical treatment [9,10].

CTO PCI requires highly skilled operators and entails a risk
of complications [11]. Recent developments in procedural

techniques and equipment have resulted in decreasing compli-
cation rates and increasing success rates [2,9]. However, a sig-
nificant proportion of CTOs remains occluded despite several
attempts at recanalization. In the current study, we aim to
evaluate if patients with �1 remaining CTO after PCI have a
worse prognosis compared to patients with successful recanali-
zation of CTO(s) after adjustment for clinical factors.

Methods

Study design and population

The present study was an observational cohort study based
on health registries and medical record audits. Consecutive
patients who underwent PCI for �1 CTO performed by or
under the supervision of a dedicated CTO operator and
member of the EuroCTO Club (EHC) at Aarhus University
Hospital from 2009 to 2019 were eligible for inclusion [10].
Aarhus University Hospital is the only site performing CTO
PCIs in this region comprising 1.3 million inhabitants.
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All patients were referred to CTO PCI on the indication of
symptoms and/or proof of ischemia. Treatment strategy
(medical, PCI, or surgical) was decided for each patient at a
heart conference considering both symptoms and myocar-
dial viability, coronary anatomy and feasibility of successful
PCI, and comorbidities. This heart team consists of inter-
ventional cardiologists, cardiothoracic surgeons, and nuclear
medicine specialists. The operator performed all complex
and redo CTO PCIs at the centre during the period.
Procedures were prospectively registered in the European
Registry of CTO (ERCTO) and the Western Denmark Heart
Registry (WDHR) by the operator. ERCTO is a registry
developed by the dedicated EuroCTO Club aiming to evalu-
ate CTO procedures in several European centres and setting
standards for the interventional treatment of CTO [10,12].
WDHR is a clinical quality database of procedures from all
heart centres in Western Denmark [13]. Demographics,
clinical information, and anatomical and procedural charac-
teristics were obtained from these registries. Medical record
audits were performed to detect in-hospital complications,
events after discharge, causes of death, and additional clin-
ical information of the patients. Data were registered in
REDCap and by merging these three data sources; the
SKEJ-CTO registry was created.

The conduction of the study was approved by the
regional ethical board of the Central Region of Denmark
(ID 1-45-70-72-20). The need for written patient consent
was waived according to Danish legislation and due to the
observational design. This manuscript follows the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) statement [14].

Definitions

A CTO was defined as a 100% stenosis of the affected lesion
with thrombolysis in myocardial infarction (TIMI) flow 0,

which was either known (definite CTO) or estimated (prob-
able CTO) to have persisted for at least 3months [15].
CTOs of a native vessel replaced by well-functioning bypass
grafts were not considered CTOs unless a de novo occlusion
or significant stenosis of the graft was observed.

Patients with �1 remaining CTO after baseline treatment
were compared to patients with successful revascularization
of all CTO(s). Remaining CTO(s) were defined as either; (1)
unopened index CTO due to failed procedure and/or (2)
unopened non-index CTO(s), which was left untreated at
the operator’s discretion.

Baseline CTO treatment included all staged attempts to
revascularize index CTO. The date of enrolment was defined
as the date of the final planned revascularization attempt. A
technical successful procedure was defined as post-proced-
ural TIMI flow 3 and residual stenosis <50% (Figure 1).

The main endpoint of the current study was threefold;
(1) all-cause mortality and (2) a patient-oriented composite
of major adverse cardio- and cerebrovascular events
(MACCE) consisting of all deaths, any myocardial infarction
(MI), target vessel revascularization (TVR), stroke, and hos-
pitalization for cardiac arrest or uncompensated heart fail-
ure. Finally, the third endpoint of 30-days safety was
addressed as a composite of adverse events including all
deaths, any MI, stroke, acute kidney injury (AKI), coronary
perforation requiring surgery or pericardiocentesis, stent
thrombosis, donor vessel dissection, major bleeding, need
for coronary artery bypass grafting (CABG), and vascular
complication requiring surgery [15].

Endpoints were defined according to expert consensus
recommendations [15]. MI was defined according to the
third universal definition of MI and periprocedural MI
according to the Society of Cardiovascular Angiography and
Intervention [16,17]. Stroke was defined according to the
American Stroke Association [18]. TVR was defined as any
unplanned revascularization of target vessels. Staged

Figure 1. Study definitions. The cohort consisted of 608 patients presenting with �1 CTO (CTO definitions) and underwent CTO PCI at Aarhus University Hospital
2009–2019 (index procedure). It was stratified due to the presence of remaining CTO(s) after index procedure (green and red boxes).
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procedures were not included in MACCE. These were
defined as planned interventions of non-CTO lesions or
index CTO after the index procedure [15]. All cardiovascu-
lar hospitalizations lasting >24 h were detected and catego-
rized using ICD-10 codes in medical journals and discharge
descriptions. AKI was defined as an increase of serum cre-
atinine of >100% within 48 h [15]. Stent thrombosis was
defined according to Academic Research Consortium and
major bleeding according to Bleeding Academic Research
Consortium (BARC) as�BARC 3 [15,19]. JCTO score was
calculated as reported by Morino et al. [20].

In analyses of MACCE and (non-)cardiovascular death,
only patients referred from hospitals within the Central
Region of Denmark were included, as medical records from
other regions were not available for audits. Death status was
available for all patients included in the study.

Statistical analyses

Continuous variables are expressed as mean ± standard devi-
ation or medians with interquartile ranges. Categorical vari-
ables are expressed with numbers and percentages. Main
endpoints were followed until the date of an event, loss to
follow-up, date of journal audit, or at a maximum of 8 years
after enrolment, whichever came first. The maximum of
8 years was set by rounding the 75-percentile of follow-up
to the nearest integer in years. Kaplan Meier time-to-event
curves were plotted, and crude and adjusted hazard ratios
(HR) with confidence intervals (CI) were calculated.
Potential confounders were controlled by multivariable Cox
regression. Only variables with univariate p-value< .1 were
taken into consideration and a backward stepwise selection
strategy was used to reach the final model. The assumption
of proportional hazards in Cox regression was assessed
graphically by a plot of observed versus predicted values
and by a log-log plot. Cut-off values of variables were
selected based on the assessment of those plots, assessment
of martingale residuals, and evaluation of the clinical rele-
vance of each variable. Restricted mean survival/event-free
time was calculated for both groups. The risk difference was
calculated for the 30-days safety endpoint. A two-sided
p< .05 was considered statistically significant. All analyses
were performed with STATA, version 16.

Results

Baseline characteristics

Initially, 663 procedures were identified in the ERCTO dur-
ing the study period. Thirty-four were staged procedures.
Seven patients were lost to follow-up, and fourteen patients
did not fulfil the eligibility criteria leaving a complete cohort
of 608 patients (Figure 2). The patient-level success rate of
index CTO was 87.7% in this cohort.

In total, 465 patients had all CTO lesions opened (76.5%)
and 143 patients were left with remaining CTO(s) (23.5%).
Baseline patient characteristics including medical treatment
are shown in Table 1. The mean age in the full cohort was

65.7 (SD 10.8) years with 80.6% being men. Risk factors
were more prevalent among patients with remaining
CTO(s), and they had more extensive CAD indicated by a
higher prevalence of three-vessel-disease (45.8% versus
24.1%) (Tables 1 and 2). Patients with remaining CTO(s)
had a higher Charlson comorbidity index (4.1 SD 1.8 versus
3.4, SD 1.8) (Table 1 and A1, Supplementary Material) [21].

The right coronary artery was the most frequent target
vessel of index CTO in both groups (Table 2). 120 patients
(19.7%) had �2 CTOs before treatment, which was more
frequent in the “Remaining CTO(s)” group (6.0% versus
64.3%). The success rate of index CTO was 49.0% in
patients with remaining CTO(s). The number of failed
attempts before the index procedure were 0 (IQR 0, 1) in
both groups. JCTO score was 3.1 (SD 1.2) in patients with
all CTOs opened and 3.4 (SD 1.0) in patients with remain-
ing CTO(s) (Table 2 and A2, Supplementary Material).
Wire-crossing strategies of successful index procedures are
shown in Figure A1 (Supplementary Material).

30-Days safety

Adverse events within 30 days after the index procedure
were observed in 4.6% of patients and were more frequent
in patients with remaining CTO(s) (8.4% versus 3.4%)
(Table 3). Additional complications are described in Table
A3 (Supplementary Material).

All-cause mortality

The median follow-up time was 5.4 years (IQR: 3.1, 8.3). 72
patients (15.5%) with all CTOs opened and 35 patients
(24.5%) with remaining CTO(s) died during follow-up
(Unadjusted HR 1.65, 95%CI 1.03, 2.47, p¼ .015) (Figure 3).
No periprocedural deaths were observed. Death within
30 days after enrolment occurred in four patients with
remaining CTO(s) and one patient with all CTOs opened.

In multivariable regression, left ventricle ejection fraction
(LVEF) (categorical <39, 40–49, >50), age >70, and
chronic kidney disease (CKD) (s-creatinine >279 mmol/L)
were significant predictors for all-cause mortality (Table A4,
Supplementary Material). Female sex, three-vessel-disease,
diabetes mellitus, previous MI, previous CABG, JCTO score
and procedural approach were eliminated after backward
selection strategy. Adjusted HR for the presence of remain-
ing CTO(s) was 1.32 (95%CI 0.88, 1.99, p¼ .18) (Table 4).

Macce

Increased risk of MACCE was observed in patients with
remaining CTO(s) (Unadjusted HR of 1.79, 95%CI 1.34,
2.41, p< .001) (Figure 3). The difference was higher early
after enrolment than on long-term (HR 0–30 days 4.44
95%CI 1.65–11.93 versus HR 30 days � 8 years 1.64 95%CI
1.20–2.24) (Table 4 and Figure 3). The outcomes of
MACCE subcategories are shown in Table A5
(Supplementary Material).
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In multivariable analysis, significant predictors of
MACCE were LVEF, age, CKD, three-vessel-disease, and
remaining CTO(s) (Table A4, Supplementary Material).
Adjusted HR for remaining CTO(s) was 1.51 (95%CI 1.11,
2.05, p¼ .009) for 0–8 years (Table 4).

Sensitivity analyses

The presence of remaining CTO(s) was strongly associated
with cardiovascular death (Table A5, Supplementary
Material). Causes of non-cardiovascular death were mainly
cancer and death by accidents. Twenty patients were left
with> one unopened CTO post-procedural of which seven
(35%) died during follow-up, and among patients with a
single remaining CTO (123 patients), 28 (22.8%) died. The
trend of survival curves was statistically significant
(chi2¼8.9, p¼ .003) (Figure A2, Supplementary Material). In
a sensitivity analysis with the exclusion of patients with
major in-hospital complications we found MACCE estimates
similar to the main analysis (Unadjusted HR 1.81 95%CI
1.34–2.45 and adjusted HR 1.50 95%CI 1.09–2.06).

Discussion

We conducted a cohort study of 608 patients undergoing
CTO PCI at a tertiary centre. The patient-level technical
success rate of index CTO was 87.7% and 76.5% of patients
had no remaining CTOs post-procedural. Thirty-day safety
endpoint occurred in 4.6%, and more frequently in patients
with remaining CTO(s). The presence of remaining CTO(s)
post-procedural was an independent predictor of MACCE
and associated with higher all-cause mortality, but the latter
was statistically insignificant when adjusting for clin-
ical factors.

Safety of CTO PCI

CTO recanalization has been associated with low predict-
ability of success and a high risk of complications [11].
Previously reported success rates vary from <60% up to
85–90% but have increased during the recent decades due
to the development of dedicated equipment and techniques
[2,5,6,22]. Specialized centres and experienced operators
predict improved procedural outcomes, emphasizing a need
for operator training and the benefits of concentrating CTO
treatment in dedicated centres [2,11]. In our study, all

Figure 2. Study flow-chart.
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procedures were performed at the only CTO centre in the
Central Region of Denmark, which is reflected in a high
success rate of 87.7%.

Studies comparing the difference in procedural complica-
tions and adverse events between CTO and non-CTO
patients are contradicting [11,23]. Due to varying definitions
and the risk of underestimating complication rates in retro-
spective registry-based studies, data cannot be compared
without further challenges [24]. This highlights a lack of
reporting guidelines in CTO registries. In the current study,
we observed low rates of 30-days safety endpoint, which
consisted of multiple procedural complications defined after
clinical and prognostic relevance following expert consensus
recommendations [15].

Long-term prognosis in CTO patients

Previous studies have found a higher risk of death after
unsuccessful CTO PCI compared to successful CTO PCI
[6,7]. In the present study, patients with remaining CTO(s)
included both; (1) patients with unsuccessful procedures for
index CTO and/or (2) patients left with an untreated non-
index CTO(s). We hypothesized that the presence of an
unopened CTO leads to a larger area of myocardium at risk
and thereby higher mortality, as previous research has
shown higher mortality in STEMI-patients by the presence
of a non-culprit CTO, and improvements in coronary blood
reserve and hyperemic myocardial blood flow after recanali-
zation of CTO [25–27]. Moreover, we aimed to strengthen
the external validity of the study population by including
patients with �2 CTOs pre-procedural. In this cohort, one
of five had �2 CTOs pre-procedural, which is comparable
to other cohorts of CTO patients [5]. The study cohort is
representative of CTO PCI patients, and the high quality of
data due to Danish registers and meticulous medical record
audits with long follow-ups are major strengths of this
study [13].

We demonstrated that the presence of remaining CTO(s)
was an independent predictor of the composite endpoint of
MACCE eight years after enrollment. Particularly, incidents

Table 1. Patient characteristics.

All CTOs opened Remaining CTOs

n (%) 465 (76.5) 143 (23.5)
Age (years) 64.9 ± 10.8 67.8 ± 10.6
Male 370 (79.6) 120 (83.9)
History of IHD in family 197 (42.7) 74 (51.8)
Hypertension 290 (63.5) 102 (71.8)
Dyslipidemia 364 (79.1) 120 (83.9)
BMI (kg/m2) 28.2 ± 4.9 28.2 ± 4.7
Diabetes mellitus
ID 35 (7.8) 15 (10.9)
NID 78 (17.3) 21 (15.2)
No 338 (74.9) 102 (73.9)

Smoking status
Smoker 124 (28.8) 24 (18.6)
Ex-smoker 206 (47.9) 75 (58.1)
Never smoker 100 (23.3) 30 (23.3)

Previous MI 192 (43.1) 73 (52.5)
Previous CABG 81 (17.4) 39 (27.3)
Previous PCI 267 (57.4) 90 (62.9)
Previous lesions treated (no.) 1 [0–2] 1 [0–3]
CCI-score 3.4 ± 1.8 4.1 ± 1.8
Pre-procedural LVEF (%) 52.3 ± 11.9 49.7 ± 12.0
Pre-procedural creatinine (mmol/L) 85 [71; 97] 89 [73; 106]
CCS-class
0 20 (4.30) 7 (4.93)
I 82 (17.63) 32 (22.54)
II 324 (69.68) 79 (55.63)
III 35 (7.53) 20 (14.08)
IV 4 (0.86) 4 (2.82)

Any lipid-lowering 440 (94.62) 133 (93.01)
Statins 436 (93.76) 131 (91.61)

Any beta-blockers 343 (73.76) 109 (76.22)
b1-specific 288 (61.94) 81 (56.64)
Carvedilol 55 (11.83) 27 (18.88)

Any Ca blockers 148 (31.83) 55 (38.46)
DHPs 140 (30.11) 49 (34.27)

Any RAAS inhibition 254 (54.62) 95 (66.43)
ACE-inhibitors 173 (37.20) 71 (49.65)
ANG-II-inhibitors 83 (17.85) 25 (17.48)

Loop diuretics 111 (23.87) 49 (34.27)
Other diuretics 127 (27.31) 38 (26.57)
Short-acting nitrates 189 (40.65) 62 (43.36)
Long-acting nitrates 161 (34.62) 82 (57.34)
Other antianginal 6 (1.29) 12 (8.39)
Aspirine 453 (97.42) 131 (91.61)
DAPT 451 (96.99) 112 (78.32)
Anticoagulants 61 (13.12) 26 (18.18)

ACE: angiotensin-converting enzyme; ANG-II: angiotensin-II; BMI: body mass
index; CABG: coronary artery bypass graft; CCI: Charlson comorbidity index;
CCS: Canadian Cardiovascular Society Angina Grade; DAPT: dual anti-platelet
therapy; DHP dihydropyridine; ID: insulin-dependent; IHD: ischemic heart
disease LVEF: left ventricle ejection fraction; MI: myocardial infarction; NID:
non-insulin-dependent; PCI: percutaneous coronary intervention; RAAS: renin-
angiotensin-aldosterone-system.
Values: mean ± standard deviation, median [interquartile range] or n (%).

Table 2. Anatomical and procedural characteristics.

All CTOs opened Remaining CTOs

Extent of CAD
One-vessel-disease 210 (45.2) 28 (19.7)
Two-vessel-disease 143 (30.8) 49 (34.5)
Three-vessel-disease 112 (24.1) 65 (45.8)

Presence of> 1 CTO pre-procedural 28 (6.0) 92 (64.3)
Target CTO

RCA 268 (57.6) 70 (48.9)
LAD 129 (27.7) 34 (23.8)
LCX 66 (14.2) 39 (27.3)
LM 2 (0.4) None

JCTO 3.1 ± 1.2 3.4 ± 1.0
Previous attempts 0 [0–1] 0 [0–1]
Estimated diameter target vessel 3.1 ± 0.4 3.1 ± 0.4
Estimated length CTO-lesion 25 [20, 40] 35 [25, 50]
In-stent CTO 42 (9.1) 6 (4.5)
Collaterals

Retrograde 339 (73.7) 92 (69.7)
Ipsilateral 25 (5.4) 11 (8.3)
Both ipsilateral & retrograde 83 (18.0) 25 (18.9)
No collaterals 13 (2.8) 4 (3.0)

CC-score
CC0 64 (13.9) 29 (22.1)
CC1 256 (55.8) 58 (44.3)
CC2 139 (30.3) 44 (33.6)

Approach
Anterograde 323 (69.8) 85 (64.9)
Retrograde 140 (30.2) 46 (35.1)

Procedural time 92.4 ± 60.9 100.1 ± 59.5
Amount of contrast (mL) 191.7 ± 96.5 201.6 ± 97.8
AK cum. (mGy) 1545.2 ± 1424.8 1820.1 ± 1419.7
Total number of stents 2.3 ± 1.3 1.6 ± 1.9
Total number of DES 2.2 ± 1.2 1.6 ± 1.8
Total stent length 62.9 ± 37.5 38.0 ± 50.1
Complete revascularization 373 (80.7) None

CAD: coronary artery disease; CC: collateral connection; CTO: chronic total cor-
onary occlusion; DES: drug-eluting stents; LAD: left anterior descending; LM:
left main; LCX: left circumflex; JCTO: Japanese CTO score; RCA: right coron-
ary artery.
Values: mean ± standard deviation, median [interquartile range] or n (%).
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of cardiovascular death and hospitalization for cardiovascu-
lar reasons are higher in patients with remaining CTO(s).
The results support that presence of an unopened CTO
does lead to a higher risk of future cardiovascular events
but based on these observational data we are not able to
explain the mechanisms. Higher all-cause mortality was also
observed in patients with remaining CTO(s) compared to
patients in the successful arm, but this difference was not

statistically significant when adjusting for multiple clinical
factors. This may be explained by insufficient power due to
the size of the cohort, and deaths of non-cardiovascular rea-
sons might have diluted the effects in our main analysis, as
no less than 50 deaths were known to be non-cardiovascu-
lar. However, patients with remaining CTOs were more
comorbid and had more severe CAD at baseline compared
to patients with all CTOs opened.

Table 3. 30-day safety outcome.

Total
All CTOs opened

(N¼ 465)
Remaining CTOs

(N¼ 143) RD [95%CI]

N (%)
Safety endpoint 28 (4.6) 16 (3.4) 12 (8.4) 4.9 [0.1, 9.8]
Death 5 (0.8) 1 (0.2) 4 (2.8) 2.6 [-0.2, 5.3]
MI 8 (1.3) 4 (0.9) 4 (2.8) 1.9 [-0.9, 4.8]
Stroke 2 (0.3) None 2 (1.4) 1.4 [-0.5, 3.3]
Major bleeding 2 (0.3) 1 (0.2) 1 (0.7) 0.5 [-0.9, 1.9]
AKI 5 (0.8) 4 (0.9) 1 (0.7) �0.2 [-0.2, 0.1]
Stent thrombosis 1 (0.2) 1 (0.2) None �0.2 [-0.6, 0.2]
Perforationa 6 (0.9) 5 (1.1) 1 (0.7) �0.4 [-2.0, 1.3]
Donor vessel complication 1 (0.2) 1 (0.2) None �0.2 [-0.6, 0.2]
Need for CABG None
Vascular complicationb None

AKI: acute kidney injury; CABG: coronary artery bypass grafting; CI: confidence interval; CTO: chronic total occlusion; MI: myo-
cardial infarction; BARC: bleeding academic research consortium; RD: risk difference.
Values: n(%) or RD[95%CI].
aPerforations requiring surgery or pericardiocentesis.
bVascular complications requiring surgery.

Figure 3. Main long-term outcome: Kaplan Meier estimates illustrating differences in (A) all-cause mortality and (B) MACCE in patients with all CTOs opened
(green) versus with remaining CTOs post index procedure (red). Landmark analyses illustrates difference in (C) all-cause mortality and (D) MACCE between the
groups from Day 30 until after 8 years of follow-up. Adjusted HRs are shown on each chart.
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This study was observational and included only patients
referred to CTO PCI on the indication of refractive symp-
toms and/or significant reversible ischemia i.e. in accord-
ance with current national and international guidelines [9].
The randomised EUROCTO trial demonstrated an effect of
CTO PCI regarding symptom control and quality of life
improvement [4]. The DECISION CTO trial investigated
prognosis and was neutral and the results were limited by a
high crossover rate and premature stop of inclusion [8].
Future randomized trials still need to address if CTO PCI is
superior to medical treatment alone in improving the prog-
nosis of CTO patients, and our findings indicate the import-
ance of successful and safe treatment in patients with an
indication of CTO PCI. Results show that patients with
remaining unopened CTO(s) despite attempts of revasculari-
zation are a high-risk group, who might benefit from closer
follow-up and further optimization of medical therapy.

Limitations

The study had several limitations. First, data were observa-
tional, and there was no control group of CTO patients
receiving medical therapy alone. This leaves a risk of bias,
and randomized multicentre trials will be needed to decide
if PCI is the most beneficial treatment for CTO patients.
Second, there can be different reasons for leaving a CTO
unopened in the group with remaining CTO(s) post-proced-
ural, which results in a heterogeneity of this group of
patients. Unfortunately, data for these reasons are not avail-
able in our data sources. Moreover, the study was subject to
selection bias, as the two groups differed regarding comor-
bidity and severity of CAD. Imaging assessing ischemia was
not available in our data, but we presented an overall symp-
tomatic cohort, which is in accordance with current guide-
lines (Table 1) [9]. Third, events and in-hospital
complications could only be detected in medical records
from the Central Region of Denmark, post-procedural bio-
markers were not available in all patients, and only compli-
cations from index procedures were registered to prevent
immortal time bias. In that, there was a risk of missing
events and complications. Fourth, a high number of

non-cardiovascular deaths might have affected the results of
the main analyses of all-cause mortality. Finally, the study
was a single-centre study, which impairs the external valid-
ity. However, baseline and procedural characteristics, success
rates, and complication rates are comparable to OPEN CTO
and PROGRESS CTO registries (Table A5, Supplementary
Material) [28,29].

Conclusions

In a single centre cohort study, investigating outcomes after
CTO PCI, we demonstrated high safety 30 days after treat-
ment, particularly in patients with all CTOs opened com-
pared to patients with remaining CTO(s). Patients with all
CTOs opened had a lower risk of MACCE, and a favourable
long-term survival was also observed in this group, but the
latter was not statistically significant in multivariable ana-
lysis. Further studies with sufficient power are needed to
confirm the findings and randomized trials are needed to
evaluate if CTO PCI is superior to medical therapy alone in
improving prognosis of CTO patients.
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Table 4. Long-term main outcomes.

All CTOs opened Remaining CTOs Unadjusted estimate
[95%CI]

Adjusted estimate
[95%CI]

All-cause mortality (N5 465) (N5 143)
0–8 years 72 (15.5) 35 (24.5) 1.65 [1.03; 2.47] 1.32 [0.89; 1.99]a

0–30 days 1 (0.2) 4 (2.8) 13.16 [1.47; 117.78]
30 days-8 years 71 (15.3) 31 (22.3) 1.49 [0.97, 2.27] 1.20 [0.78, 1.84]a

RMST 2508.18
[2442.01, 2574.36]

2345.64
[2197.43, 2493.86]

162.54
[0.22, 324.86]

MACCE (N5 416) (N5 124)
0–8 years 141 (33.9) 65 (52.4) 1.79 [1.34, 2.41] 1.51 [1.11, 2.05]b

0–30 days 7 (1.7) 9 (7.3) 4.44 [1.65, 11.93]
30 days-8 years 134 (32.8) 56 (48.7) 1.64 [1.20, 2.24] 1.35 [0.97, 1.87]b

RMST 2006.96
[1913.35, 2100.56]

1629.36
[1437.38, 1821.34]

377.60
[164.01, 591.18]

CI: confidence interval; CTO: chronic total occlusion; HZ: Hazard ratio; MACCE: major adverse cardio- and cerebrovascular events; RMST: restricted mean sur-
vival time.
Values: n(%), HR [95%CI] or days [95%CI].
aAdjusted for left ventricle ejection fraction, age, and chronic kidney disease.
bAdjusted for left ventricle ejection fraction, age, chronic kidney disease and three-vessel-disease.
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