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Summary

The objective of the study was to evaluate major adverse cardiovascular events (MACE) after successful
versus failed percutaneous coronary intervention for chronic total occlusion (PCI-CTO).

Limited data are available on long-term clinical follow-up in the treatment of chronic total occlusion
(CTO).

Between January 2009 and December 2010 PCI-CTO was attempted in 283 consecutive patients with 289
CTO lesions. Procedural success was 62.3% and clinical follow-up covered 83% (235/283) of the study popula-
tion with a median follow-up of 66 months (range, 59-74).

The total incidence of MACE was 57/235 (24.3%), and was significantly higher in the procedural failure
group than in the procedural success group (33/87 (37.9%) versus 24/148 (16.2%), P < 0.001). All-cause mor-
tality was significantly lower in patients with successful PCI-CTO compared to failed PCI-CTO (10.8% versus
20.7%, P < 0.05). Also, the rate of cardiovascular death in the procedural failure group (14.9%) was slightly
higher than that in the procedural success group (7.4%, P = 0.066). The rate of TVR was statistically higher in
the procedural failure group (P < 0.009). Propensity score-adjusted Cox regression showed that procedural suc-

cess remained a significant predictor of MACE (adjusted HR 0.402; 95% CI 0.196-0.824; P = 0.013).
Our study emphasizes the importance of CTO recanalization in improving long-term outcome including
all-cause mortality with a borderline effect on cardiovascular mortality.

(Int Heart J 2018; 59: 719-726)
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chronic total occlusion (CTO) is one of the major

challenges in interventional cardiology. CTO, de-
fined as a complete arterial occlusion TIMI [Thrombolysis
in myocardial infarction) O flow] of at least 3 months du-
ration, occurs in approximately 15-30% of all diagnostic
coronary angiography procedures,”” and in 5% of coro-
nary computed tomography angiography studies.” Al-
though the treatment of CTO remains a technical chal-
lenge and 20-35% of CTOs are still not revascularized by
PCI even when performed by experienced operators,*”
successful PCI of CTO has been shown to improve left
ventricular (LV) systolic function, reduce angina, increase
exercise capacity, and reduce the need for late by-pass
surgery.**” On the other hand, CTO patients who were
not revascularized had a significantly higher rate of car-

P ercutaneous coronary intervention (PCI) of a

diac mortality and sudden cardiac death compared with
those who were revascularized.™”

The aim of this single center retrospective study was
to compare the long-term outcomes of patients with suc-
cessful versus unsuccessful PCI of a CTO and to assess
the mortality rate related to the location of the occluded
vessel.

Methods

Out of 3040 elective PCI performed from January 1,
2009 until December 31, 2010, we retrospectively ana-
lyzed 283 consecutive patients (mean age, 58.5 = 9.5
years, 81% male) in whom PCI of CTO was attempted.
All procedures were performed at the Catheterization
Laboratory of the Cardiology Department, Clinical Center
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of Serbia, Belgrade. Follow-up for adverse clinical events
was conducted by telephone contact; in the case of an ad-
verse event, an outpatient medical visit was performed and
hospital records were collected.

Demographic and clinical characteristics of the study
population, angiographic characteristics of the lesions,
procedural characteristics of PCI, and procedural compli-
cations were collected from our CTO database.

A CTO lesion was defined as an obstruction of a
coronary artery with TIMI flow grade 0 with an estimated
duration of at least 3 months. Duration of occlusion was
estimated on the basis of history of angina, the interval
from the last episode of acute coronary syndrome consis-
tent with the location of the occlusion, or proven by pre-
vious angiography. Procedural success was defined as fi-
nal residual stenosis less than 30%, with TIMI grade flow
3.

Major adverse cardiac events (MACE) were defined

as cardiac death, myocardial infarction (MI), and target
vessel revascularization (TVR), either percutaneous or sur-
gical. All deaths were considered cardiac unless otherwise
documented. Non Q-wave myocardial infarction was de-
fined as a creatine kinase-MB enzyme elevation > 3 times
the upper limit of the normal value; when new pathologi-
cal Q waves in addition to enzyme elevation were ob-
served in an electrocardiogram, the event was defined as a
Q-wave myocardial infarction. TVR was defined as a re-
peat revascularization within the treated vessel.
Statistical analysis: Categorical variables are expressed as
numbers and percentages, and continuous variables as the
mean + standard deviation. After testing for normal distri-
bution, differences were compared using the unpaired Stu-
dent r-test, chi-square test, Mann-Whitney test, and/or??
ANOVA where appropriate. Univariable and multivariable
logistic regression analyses were used to identify predic-
tors of procedural success.

A propensity score was constructed using binary lo-
gistic regression where the dependent variable was proce-
dural success and predictors were clinical and angiog-
raphical variables that are known to be related to clinical
outcomes (MACE): age, gender, diabetes mellitus, arterial
hypertension, smoking, previous MI, previous PCI, coro-
nary artery, CTO length, presence of calcifications, tortu-
osity, and stump morphology.

A propensity score-adjusted Cox regression was per-
formed to assess the relation between procedural success
and MACE, controlling for group differences.

Event-free survival curves for adverse cardiac events
were estimated by Kaplan-Meier method and compared by
the log-rank test. A P value less than 0.05 was considered
as statistically significant. All statistical analyses were per-
formed with SPSS version 21.

Results

Study population: The study population consisted of 283
patients with 289 chronic total coronary occlusions in
whom percutaneous recanalization was attempted.

The characteristics of the patients are summarized in
Table I. Based on procedural success, the patients were
divided into two groups: a procedural successful group (n
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= 178; 63%) and a procedural failure group (n = 105,
37%). There were no statistically significant differences in
demographic and clinical characteristics between the two
groups, except for the higher incidence of a previous
myocardial infarction (P = 0.023) and lower incidence of
unstable angina (P < 0.001) in the failure group of pa-
tients.

Angiographic characteristics: Regarding angiographic
characteristics, there were certain differences between the
successful and failure groups - lesions longer than 20 mm,
more tortuous vessels, and calcifications were all more
frequent in the failure group. Furthermore, a side branch
at the site of the occlusion, blunt stump morphology, and
lower contrast consumption were significantly more fre-
quent in the procedural failure group (Table II). The pe-
riprocedural complication rate was similar in both groups
(Table III).

Procedural success was achieved in 180 lesions
(62.3%), while procedural success was absent in 109 at-
tempts (37.7%). Based on these procedural outcomes, the
lesions were divided into two groups: a procedural suc-
cess group (n = 180) and a procedural failure group (n =
109). There were no statistically significant differences in
procedural characteristics between the 2 groups.

By univariable analysis (Table IV), the following fac-
tors were identified as predictors of procedural failure:
previous myocardial infarction (P = 0.023), occlusion
length > 10 mm (P = 0.037), occlusion length > 20 mm
(P = 0.003), presence of tortuosity (P < 0.001), mild cal-
cified lesions (P = 0.012), moderately calcified lesions (P
= 0.025), severe calcified lesions (P = 0.001), presence of
a side branch at the site of occlusion (P = 0.004), and
blunt morphology of the occlusion (P < 0.001). Unstable
angina pectoris (P = 0.001) and tapered stump morphol-
ogy (P = 0.001) were identified as a predictors of proce-
dural success.

Multivariable analysis identified tortuosity (P =

0.007), calcifications (P < 0.001), and blunt stump as in-
dependent predictors of procedural failure, whereas unsta-
ble angina pectoris was found to be a predictor of proce-
dural success (P = 0.009).
Overall rate of major adverse cardiovascular events
(MACE): The median follow-up period was 66 months
(IQR 59-74). Out of 283 patients, 48 (17%) were lost to
follow-up.

The total number of MACE was 57/235 (24.3%), and

there were significantly more in the procedural failure
group than in the procedural success group (33/87, 37.9%
versus 24/148, 16.2%, P < 0.001). The all-cause mortality
rate was significantly higher in the procedural failure
group (20.7%) than in the procedural success group
(10.8%, P < 0.05). Also, there was a slightly higher rate
of cardiovascular death in the procedural failure group
(14.9%) than in the procedural success group (7.4%), P =
0.066). The rate of TVR (both PCI and CABG) was sta-
tistically higher in the procedural failure group (P =
0.009) (Table V).
Non-adjusted analysis: Procedural success was found to
be a significant predictor of MACE by univariable Cox re-
gression analysis (HR 0.423; 95% CI 0.243-0.739; P =
0.002).
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Table I. Demographics and Clinical Characteristics

Total number  Procedure Procedural
Characteristic (n (%)) of patients Successful Failure P value OR (95% CI)
(n=1283) (n=178) (n=105)
Age (years, mean + SD) 58.5+95 583 +9.6 58.8+9.3 0.69 -
Male 228 (81%) 141 (79%) 87 (83%) 0.45 0.788 (0.423-1.471)
Family history of CAD 129 (46%) 84 (47%) 45 (49%) 0.47 1.191 (0.733-1.937)
Diabetes 69 (24%) 48 (27%) 21 (20%) 0.19 1.447 (0.826-2.642)
Insulin dependent 14 (5%) 8 (4%) 6 (6%) 0.65 0.776 (0.262-2.303)
Hypertension 227 (80%) 144 (81%) 83 (79%) 0.70 1.123 (0.616-2.046)
Hypercholesterolemia 221 (78%) 144 (81%) 77 (73%) 0.14 1.540 (0.870-2.728)
Smoking status
Never 116 (41%) 73 (41%) 43 (41%) 0.99 1.002 (0.614-1.637)
Smoker 83 (29%) 56 (32%) 27 (26%) 0.30 1.326 (0.773-2.276)
Ex-smoker 84 (30%) 49 (28%) 35 (33%) 0.30 0.760 (0.451-1.281)
Previous MI 181 (64%) 105 (59%) 76 (72%) 0.02*  0.549 (0.326-0.925)
LVEF (%) 45+ 13 46 + 14 44 + 12 0.188 -
LVEF < 40% 94 (33%) 55 (31%) 39 (37%) 0.281  0.757 (0.455-1.257)
Previous CABG 31 (11%) 21 (12%) 10 (10%) 0.55 1.271 (0.574-2.814)
Previous PCI
Number 189 (67%) 118 (66%) 71 (67%) 0.82 0.942 (0.564-1.574)
Same artery 32 (11%) 21 (12%) 11 (10%) 0.73 1.143 (0.528-2.476)
Other artery 62 (22%) 39 (22%) 23 (22%) 0.99 1(0.558-1.792)
Stable angina pectoris 168 (59%) 104 (58%) 64 (61%) 0.68 0.9 (0.550-1.473)
Unstable angina pectoris 58 (20%) 48 (27%) 10 (10%) <0.01*  3.508 (1.689-7.285)
Number of diseased vessels
1 131 (46%) 81 (46%) 50 (48%) 0.73 0.919 (0.566-1.490)
2 98 (35%) 63 (35%) 35 (33%) 0.72 1.096 (0.659-1.823)
3 54 (19%) 34 (19%) 20 (19%) 0.99 1.003 (0.543-1.854)
Concomitant therapy
Beta-blocker 176 (65%) 110 (62%) 66 (63%) 0.859  1.046 (0.636-1.722)
ACE inhibitor and/or
ARB 230 (81%) 142 (80%) 88 (84%) 0.401  1.312(0.695-2.477)
Statin 238 (84%) 153 (86%) 85 (81%) 0.266  0.694 (0.364-1.324)
Nitrate 67 (24%) 39 (22%) 28 (27%) 0.363  1.296 (0.741-2.268)
DAPT 283 (100%) 178 (100%) 105 (100%) - -
OAT 16 (6%) 9 (5%) 7 (7%) 0.571  1.341(0.484-3.714)

LVEF indicates left ventricular ejection fraction; ACE, angiotensin converting enzyme; ARB, angiotensin re-
ceptor blocker; DAPT, dual antiplatelet therapy; and OAT, oral anticoagulant therapy.

Propensity-score adjusted analysis: Propensity score-
adjusted Cox regression showed that procedural success
remained a significant predictor of MACE (adjusted HR
0.402; 95% CI 0.196-0.824; P = 0.013).

Kaplan-Meier curves showed significantly better sur-
vival without MACE in the group of patients with suc-
cessful treatment of CTO. Average survival free of MACE
time in the procedural success group was 69 + 2 months
and 56 + 3 months in the procedural failure group (Log
rank 15.247, P < 0.001. HR 2.7, 95% CI 1.610-4.163, P
< 0.001) (Figure 1).

Although opening a CTO of a target vessel was asso-
ciated with increased average MACE free time, there was
no difference regarding a treated coronary artery (Log
rank 2.098, P = 0.350, LAD compared to Cx HR 2.4,
95% CI (0.690-0.8.060), P = 0.171, RCA compared to the
Cx HR 0.796, 95% CI (0.313-2.021), P = 0.631, LAD
compared to the RCA HR 1.4, 95% CI (0.787-2.441), P =
0.259) (Figure 2).

Figure 3A, B, and C show the Kaplan-Meier survival
curves with respect to CTO-PCI success or failure accord-
ing to the treated vessel. Survival was significantly better

without MACE between CTO-PCI success and CTO-PCI
failure in patients with CTO of the left anterior descend-
ing artery (LAD). In LAD patients, average survival free
of MACE time in the procedural success group was 72.8
+ 2.4 months, and 59.9 + 6.8 months in the procedural
failure group (LogRank 14.638, P < 0.001).

There were no differences between CTO-PCI success
and CTO-PCI failure in patients with CTO of the right
coronary artery (RCA) (Log rank 2.850, P = 0.091) or
circumflex artery (LCx) (Log rank 1.149, P = 0.284).

Discussion

This was an observational retrospective, nonrandom-
ized study that included 283 patients with 289 CTO le-
sions, who were treated with PCI during a 2-year period.
The main finding of this retrospective analysis is the oc-
currence of significantly more major adverse cardiovascu-
lar events in patients with unsuccessful recanalization of
the CTO during long-term follow-up of more than 5
years. The other clinically important finding refers to the
independent angiographic characteristics of the patients
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Table II. Angiographic and Procedural Characteristics

Procedure Procedure
Angiographic characteristic No (jfzc TO successful Failure P value
(n=289) (n = 180) (n=109)

CTO artery (n (%))

RCA 137 (47) 81 (45) 56 (51) 0.290

LAD 82 (28) 55 (30) 27 (25) 0.293

Cx 70 (24) 44 (24) 26 (24) 0.909
Localization of CTO (n (%))

Ostial 25(9) 19 (10) 6 (6) 0.139

Proximal 94 (32) 56 (31) 38 (35) 0.509

Medial 127 (44) 79 (44) 48 (44) 0.980

Distal 43 (15) 26 (14) 17 (16) 0.790
In-stent CTO (n (%)) 16 (5.5) 13(7) 3(3) 0.107
Duration of occlusion (months, mean + SD)  36.6 = 50.0 344 +44.6 39.8 +56.9 0.507
Diameter of CTO vessel (mm, mean + SD) 30+04 3.1+£04 30£04 0.673
CTO length (n (%))

<10 mm 48 (17) 34 (19) 14 (13) 0.181

10-20 mm 73 (25) 53 (29) 20 (18) 0.035

>20 mm 167 (58) 92 (51) 75 (69) 0.003
Tortuosity (n (%)) 119 (41) 59 (33) 60 (55) 0.000
Calcification (n (%))

Mild 180 (62) 102 (57) 78 (72) 0.011

Modest 11 (4) 3(2) 8(7) 0.015

Severe 16 (6) 3(2) 13 (12) 0.000
Stump morphology (n (%))

Blunt 110 (38) 40 (22) 70 (64) 0.000

Tapered 178 (62) 139 (78) 39 (36) 0.000
Side branch (n (%)) 127 (44) 60 (33) 67 (62) 0.003
In-stent CTO (n (%)) 16 (5) 13(7) 3) 0.107
Technical approach

-Antegrade 271 (93.8) 165 (91.7) 106 (97.2) 0.057

-Retrograde 18 (6.2) 15 (8.3) 3(2.8) 0.057
Number of wires per lesion 1.5£09 1.54+0.8 1.43+£0.8 0.447
Fluoroscopic time (minutes) 27.8+£22.3 293 +£24.1 249+ 18.2 0.090

Contrast volume (mL)

326+176.9 346.2+170.8

291.4+183.5  0.008

Table III. Periprocedural Complications

n (%)
Death 0 0 0 -
MI 4(1.4) 3(1.7) 1.9 0597
Coronary perforation 9(3.1) 3(1.7) 6(.5 0.068
Cardiac tamponade 2(14) 1(0.5) 109 0719
Vascular complication ~ 7(2.4) 5(2.7) 2(1.8) 0.613
Donor vessel dissection 2 (0.7) 1(0.5) 1(0.9) 0.719

MI indicates myocardial infarction.

with failed CTO opening who demonstrated longer occlu-
sions, more tortuous arteries, and calcified lesions with a
blunt stump.

Several characteristics of the current study should be
highlighted in order to organize a comparison with the re-
sults of previous studies and to put the results into a
proper perspective. In previous studies, different demo-
graphic characteristics were associated with procedural
failure. Analysis from the UK Central Cardiac Database'”
reported that age, smoking, increased body mass index,
previous CABG, peripheral vascular disease, and previous
MI were associated with failure of CTO revascularization.
In addition, and similarly to our study, a large Mayo
Clinic registry'” showed a higher incidence of previous

MI and smoking history in the group of patients with pro-
cedural failure. A South Korean study by Lee, et al' re-
ported that older patients, a higher incidence of previous
MI, and previous PCI were more frequent in the proce-
dural failure group. Studies which reported a significant
number of patients treated with PCI CTO (Hoye, et al,
European Registry of Chronic Total Occlusion and
TOAST-GISE study) did not find statistically significant
differences in demographic characteristics between pa-
tients with procedural success and procedural failure.”"*'?

In our study, there was no correlation between demo-
graphic characteristics and procedural failure, except with
respect to the incidence of previous myocardial infarction,
which was statistically higher in this group of patients.
Also, we found that unstable angina pectoris was a pre-
dictor of procedural success, which can be partially ex-
plained by the fact that symptomatic patients more often
have recanalization attempts and eventually successful
CTO opening.

Concerning the angiographic details of the CTO reca-
nalization failed procedures, Galassi, et al also found that
a blunt stump, CTO length > 20 mm, and the presence of
severe calcifications were recognized as independent pre-
dictors of procedural failure.'"” Also, Rathore, et al ob-
served correlations between severe calcification, vessel
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Table IV. Univariate Analysis of Predictors of Procedural Failure
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Table V. Major Adverse Cardiovascular Events

Variable Odds ratio 95% CI P value
Male 1.254 0.672-2.340 0.477
Age 0.998 0.973-1.023 0.869
Family history of CAD 1.191 0.733-1.973 0.479
Diabetes mellitus 1.477 0.826-2.642 0.187
Hypertension 1.123 0.616-2.046 0.706
Hypercholesterolemia 1.540 0.870-2.728 0.137
Smoking status
Smoker 1.375 0.808-2.340 0.240
Ex-Smoker 0.728 0.435-1.218 0.226
Previous MI 0.549 0.326-0.925 0.023
LV EF 1.024 0.978-1.073 0.302
Stable angina 0.933 0.574-1.516 0.780
Unstable angina 3.240 1.600-6.559 0.001
Previous CABG 1.271 0.574-2.814 0.554
Previous PCI
Same artery 1.184 0.547-2.562 0.668
Other artery 1.068 0.599-1.906 0.823
No. of diseased vessels
1 0.930 0.577-1.500 0.767
2 1.056 0.642-1.737 0.830
3 1.036 0.562-1.911 0.909
Concomitant therapy
Beta-blocker 0.491 0.137-1.763 0.276
ACE inhibitor and/or
ARB 1.062 0.224-5.024 0.940
Statin 0.656 0.138-3.134 0.598
Nitrate 0.607 0.128-2.880 0.530
DAPT - - 0.836
OAT 3.049 0.646-14.401  0.159
CTO
RCA 0.774 0.481-1.247 0.293
LAD 1.336 0.780-2.298 0.291
Cx 1.033 0.592-1.802 0.909
Occlusion duration 0.998 0.992-1.004 0.507
CTO vessel diameter 0.856 0.488-1.500 0.587
CTO length
<10 mm 1.580 0.805-3.100 0.183
10-20 mm 1.857 1.038-3.321 0.037
>20 mm 0.474 0.228-0.781 0.003
Tortuosity 0.390 0.237-0.640 0.000
Calcification
Mild 0.520 0.312-0.865 0.012
Moderate 0.214 0.056-0.825 0.025
Severe 0.125 0.035-0.450 0.001
Stump morphology
Blunt 0.154 0.090-0.263 0.000
Tapered 6.085 3.603-10.278  0.000
Side branch 0.498 0.301-0.793 0.004
In-stent CTO 2.750 0.766-9.880 0.121
CTO localization
Ostial 2.026 0.783-5.241 0.145
Proximal 0.510 0.509-1.398 0.510
Medial 0.994 0.616-1.605 0.980
Distal 0914 0.471-1.774 0.790
Technical approach
Anterograde 0.311 0.088-1.101 0.070
Retrograde 3.212 0.908-11.362  0.070
Number of wires per lesion  1.114 0.844-1.471 0.446
Fluoroscopic time 1.011 0.998-1.024 0.094
Contrast volume 1.002 1.001-1.004 0.009

MI indicates myocardial infarction; LVEF, left ventricular ejection
fraction; CABG, coronary artery bypass grafting; ACE, angiotensin
converting enzyme; ARB, angiotensin receptor blocker; DAPT, dual
antiplatelet therapy; and OAT, oral anticoagulant therapy.

. Procedure  Procedure
MACE No of patients Successful Failed P value
(n (%) (=235, _148) (=87
Death 34 (14.5) 16 (10.8) 18 (20.7) 0.038
CV death 24 (10.2) 11 (7.4) 13 (14.9) 0.066
MI 2(0.9) 2(2.3) 0(0) 0.134
TVR 31(13.2) 13 (8.8) 18 (20.7) 0.009
PCI 24 (10.2) 11(7.4) 13 (14.9) 0.066
CABG 7(3) 2(1.4) 5(5.7) 0.05
Total MACE 57 (24.3) 24 (16.2)  33(37.9) 0.001

MACE indicates major adverse cardiovascular events; CV death, car-
diovascular death; MI, myocardial infarction; TVR, target vessel re-
vascularization; PCI, percutaneous coronary intervention; CABG,
coronary artery by-pass grafting.
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Figure 1. Survival without MACE. Kaplan-Meier curves showing
event-free survival from MACE. The P values were calculated using
the log-rank test. Log rank 15.247, P < 0.001.
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Figure 3. A: Survival without MACE in patients with total chronic occlusion (CTO) of the left anterior descending coronary artery (LAD). Ka-
plan-Meier curves showing event-free survival from MACE - percutaneous coronary intervention (PCI) success when compared to patients with
CTO-PCI failure. The P values were calculated using the log-rank test. Log rank 14.638, P < 0.001. B: Survival without MACE in patients with
total chronic occlusion (CTO) of the right coronary artery (RCA). Kaplan-Meier curves showing event-free survival from MACE - percutaneous
coronary intervention (PCI) success when compared to patients with CTO-PCI failure. The P values were calculated using the log-rank test. Log
rank 2.850, P = 0.091. C: Survival without MACE in patients with total chronic occlusion (CTO) of the left circumflex coronary artery (LCx). Ka-
plan-Meier curves showing event-free survival from MACE-percutaneous coronary intervention (PCI) success when compared to patients with
CTO-PCI failure. The P values were calculated using the log-rank test. Log rank 1.149, P = 0.284.

tortuosity, and side branch origin at the CTO proximal
cap, with procedural failure.”” Similarly, our study re-
vealed that after multivariate analysis, calcifications, tortu-
osity, and blunt stump morphology were independent pre-
dictors of procedural failure.

The rate of CTO PCI procedural success in our study
was 62.3%. According to the meta-analysis of 13 observa-
tional studies, success was achieved in 51 to 74% of CTO
recanalization procedures.'® However, over the last several
years, significant progress in technology, materials, tech-
niques, and operator experience in PCI CTO improved
procedural success to almost 90%, and more.'*”

Regarding mortality, a report from the UK Central
Cardiac Database showed that successful CTO interven-
tion was associated with improved long-term survival.

Furthermore, this improvement was most pronounced in
the group of patients with complete revascularization.'”
They also found no evidence that the location of the oc-
cluded vessel was associated with differences in mortality
outcomes. This is in concordance with our results which
demonstrated a worse outcome in patients with procedural
failure.

Our study showed that all-cause mortality was sig-
nificantly reduced with successful recanalization of CTO.
In some previous studies, successful percutaneous revascu-
larization of a CTO led to a significantly improved sur-
vival rate and a reduction in major adverse events at 5
years.”” On the other hand, Lee, et al did not find a sig-
nificant relation regarding all-cause mortality between suc-
cessful and failed CTO recanalization.™ The explanations
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they proposed included both the low rate of serious com-
plications and the high rate of CABG in the failed PCI
group.””

This study also observed significantly better MACE

free survival overall in the group of patients with success-
ful treatment of CTO, particularly in patients with a
chronically occluded LAD. Possible explanations for the
clinical benefit of CTO revascularization survival may in-
clude an improvement in LV function in patients with vi-
able myocardium, prevention or slowdown of ventricular
remodeling, a decrease in electrical instability, associated
risk of fatal arrhythmic events, and increased tolerance of
future coronary occlusion events.””
Study limitations: This was an observational and retro-
spective study unpowered to evaluate clinical outcome in
terms of major cardiovascular events between CTO suc-
cessful and failed procedures. The major limitation refers
to the moderate procedural success of the procedures per-
formed earlier, but still reflecting the worldwide clinical
success of CTO recanalization. From one perspective, this
time period allows for the evaluation of long-term follow-
up and survival, but it suffers from improved technologi-
cal aspects of CTO procedures and an angiographic suc-
cessful rate that was significantly improved in the last
years. Also, long-term follow-up increases the number of
patients lost in the follow-up.

Conclusion

Our study emphasizes the importance of CTO reca-
nalization in improving long-term outcome, including all-
cause and CV mortality, particularly in patients with
chronically occluded LAD. In addition, the moderate pro-
cedural success of our study in previous years indirectly
supports new technological refinements of the procedure
that might more easily overcome independent predictors
of procedural failure (long, tortuous, calcified lesions with
blunt stump), increase the success rate of the procedure,
and consequently improve the clinical long-term outcome.
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