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Conversely, repeat CTO–PCI was performed exclusively in the
CTO–PCI success group (12%). The other major non-fatal
adverse events included three MI and three ischaemic stroke. All
these events occurred in the CTO–PCI success group.

In survivors with successful CTO–PCI, the LVEF at 6 months
was significantly increased when compared with the baseline
value (46.5+11.3 vs. 42.2+ 12.1%; P , 0.001; paired echocardio-
graphic data were available for 290 patients).

The angiographic follow-up rate per successfully treated CTO
was 82%. The patency rate was 88% while binary restenosis rate
was 11.2%. Out of 32 patients with reocclusion, 15 had a stent
length .50 mm, and 10 had a reference vessel diameter ,2.5 mm.

There were no differences in target vessel revascularization
(11.9 vs. 14.5%; P ¼ 0.538) and angiographic restenosis rates
(15.9 vs. 22.7%; P ¼ 0.226) between patients who received
sirolimus-eluting stent or paclitaxel-eluting stents, respectively.

Discussion
The current study shows that PCI success for CTO confers a
2-year survival benefit. Improvement in survival is driven by the
differences in the outcome of patients with multivessel disease
and who were completely revascularized, as compared to patients
with incomplete revascularization owing to the failure of CTO–
PCI. Patients with a single CTO and without angiographic signifi-
cant disease in the other vessels had a very low mortality whatever
the results of the PCI attempt. The completeness of revasculariza-
tion was a strong independent predictor of survival, and by defi-
nition most patients who were completely revascularized had a
successful CTO–PCI.

Successful PCI for CTO is associated with improvement in survi-
val when compared with PCI failure in three studies,3–5 while no
survival benefit could be revealed in another one from the Mayo
Clinic.13 The only concluded randomized trial comparing medical
therapy with PCI in patients with subacute total coronary occlusion,
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Table 3 Clinical outcome

CTO–PCI failure (n 5 142) CTO–PCI success (n 5 344) P-value

1-year MACCE

Death, n (%) 17 (12) 17 (5) 0.006

Myocardial infarction, n (%) 0 3 (0.9) 0.264

Stroke, n (%) 0 3 (0.9) 0.264

CABG, n (%) 13 (9.1) 7 (2) ,0.001

CTO vessel re-PCI, n (%) – 40 (12)

Non-CTO vessel re-PCI, n (%) 18 (13) 50 (15) 0.591

Long-term cardiac survival

Overall (n ¼ 486), % 87.4+2.9 91.6+2.0 0.025

Single-vessel disease (n ¼ 70), % 93.3+6.4 93.6+3.6 0.986

Multivessel disease (n ¼ 416), % 86.6+3.1 91.4+2.2 0.021

Completeness of revascularization Incomplete (n ¼ 185) Complete (n ¼ 301)

Overall (n ¼ 486), % 83.8+3.6 94.0+1.7 ,0.001

MACCE, major adverse cardiac and cerebrovascular events; CABG, coronary artery bypass grafting; CTO, chronic total occlusion; PCI, percutaneous coronary intervention.

Figure 1 Kaplan–Meier analysis of cardiac survival in patients
with chronic total occlusion (CTO)–percutaneous coronary
intervention (PCI) success when compared to patients with
CTO–PCI failure.

Figure 2 Kaplan–Meier analysis of cardiac survival in patients
with complete revascularization when compared to patients
with incomplete revascularization.
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demonstrated to be a surrogate marker of sicker patients with 
more anatomically complex baseline coronary artery disease.11

Conversely, the residual SYNTAX Score allowed for an 
objective, quantitative assessment of the extent of ICR in PCI 
treated subjects in the randomized all-comers population of the 
SYNTAX Trial, in which selection bias would have been mini-
mal. Furthermore, the residual SYNTAX Score allowed for a 
threshold value of ICR to be determined that would not have a 
negative impact on long-term mortality (ie, the concept of reason-
able incomplete revascularization).7,8,11,13,15 This concept, using 
the residual SYNTAX Score, has recently been described in the 
ACUITY Trial,16 the main differences being that the ACUITY 
Trial recruited subjects solely presenting with non-ST elevation 
acute coronary syndrome, followed up for 1-year, and impor-
tantly, with substantially lesser complex coronary artery disease 
(primarily single or double vessel disease, median SYNTAX 
Score 9.0, interquartile range 5.0–16.0). Comparatively, the 
SYNTAX Trial recruited subjects with substantially more com-
plex coronary artery disease (left main or de novo 3VD, median 
SYNTAX Score 28, interquartile range 20.0–36.0), and validated 
the findings of a residual SYNTAX Score >8 to be associated 

with adverse outcomes at up to 5 years, in an all-comers random-
ized population, and in several clinical and anatomic subgroups.

Reducing the Ischemia Burden
The residual SYNTAX Score is principally a marker of the resid-
ual ischemia burden, dependent on the location of the coronary 
lesion and the anatomic complexity (eg, calcification, bifurcation, 
long lesion, etc) associated with the obstructive disease. This is 
attributable to the fact that most of the points of the SYNTAX 
Score are accrued from the severity of luminal diameter narrowing 
and its weighting according to the usual blood flow to the left ven-
tricle in each vessel or vessel segment.17,18,30 More proximal coro-
nary artery disease therefore scores more highly on the SYNTAX 
Score, particularly if the obstructive disease is more complex. 
From a prognostic perspective this is important because MIs have 
been shown to cluster in the proximal third of major epicardial 
vessels,31 and a large plaque burden and small luminal area have 
both been linked to the highest risk of future cardiac events.32,33

Reducing the ischemia burden of the patient would undoubt-
edly improve long-term prognosis, as exemplified by previous 
studies associating a short- and long-term survival benefit in 

Table 3. Univariable and Multivariable Cox Regression Analyses, Incorporating the Residual SYNTAX Score, Using Clinical 
Variables Previously Shown to be Independent Predictors of Long-Term Mortality in the SYNTAX Trial26

Univariable Analyses Multivariable Analyses

HR (95% CI) P Value HR (95% CI) P Value

Residual SYNTAX Score (4 groups)* 1.76 (1.50, 2.06) <0.001 1.65 (1.41, 1.92) <0.001

Baseline SYNTAX Score (tertiles)† 1.50 (1.20, 1.88) <0.001 — —

Preprocedural poor (<30%) LVEF 5.60 (2.61, 12.02) <0.001 5.04 (2.30, 11.04) <0.001

Peripheral vascular disease 3.31 (2.15, 5.11) <0.001 2.92 (1.88, 4.52) <0.001

History of GI bleeding or peptic ulcer disease 2.08 (1.05, 4.09) 0.035 1.89 (0.95, 3.76) 0.069

Age per increase in 10 yr 1.79 (1.46, 2.20) <0.001 1.61 (1.30, 1.99) <0.001

Female sex 1.70 (1.17, 2.47) 0.006 1.57 (1.06, 2.33) 0.023

CI indicates confidence interval; CR, complete revascularization; GI, gastrointestinal; HR, hazard ratio; ICR, incomplete revascularization; LVEF, left ventricular ejection 
function; and SYNTAX, Synergy Between Percutaneous Coronary Intervention With Taxus and Cardiac Surgery.

*Four groups comprising CR (residual SYNTAX Score 0) and ICR (tertiles of the residual SYNTAX Score >0 to 4, >4 to 8, >8).
†Conventional tertiles of the baseline SYNTAX Score (low 0–22, intermediate 23–32, high ≥33).17

*†Correlation of 0.4 precluded entry of baseline SYNTAX Score into multivariable model.

Figure 5. Completeness of revascularization stratified to conventional tertiles of the baseline Synergy Between Percutaneous Coronary 
Intervention With Taxus and Cardiac Surgery (SYNTAX) Score using the residual SYNTAX Score. Kaplan–Meier curves showing cumulative 
event rates through to 5 years, based on complete (residual SYNTAX Score 0) and incomplete (tertiles of residual SYNTAX Score) 
revascularization, in the low (0–22), intermediate (23–32), and high (≥33) baseline SYNTAX Scores. Note the progressive rise in the 5-year 
mortality impact of a residual SYNTAX Score >8 with increasing anatomic complexity.
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CTO - Chronic Total Occlusion

_

• 15-30% aller 
Koronarangiographien !


• Gefässbeteiligung

- ACD 60%

- RIA 22%

- RCX 18%

- multiple locations 17%

- proximal segment 68%

• Kompletter Koronarverschluss

- TIMI 0 grade Blutfluss

- antegrade und/oder retrograde Kollateralen


• Verschlussdauer > 3 Monate

- angiographisch 

- klinisch


• Viabilität ?



Histologie
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Chronische Koronararterienverschlüsse

SECTION 6: Coronary Intervention398

 !e following is the stepwise approach for the retrograde 
recanalization for CTO:

 x Angiographic "lm and collateral channel analysis
 x Retrograde collateral channel access and crossing: !e 

presence and tortuosity of collaterals are key issues in 
selecting a retrograde interventional strategy when treating 
CTOs. Nontortuous septal collaterals are preferentially used 
for the retrograde approach, whereas epicardial and/or 
tortuous collaterals are at higher risk of procedure-related 
vessel trauma

 x Crossing the CTO: Novel over-the-wire (OTW) catheter 
(channel dilator) specifically designed for the retrograde 
approach has been developed for the treatment of CTO. 
Successful channel crossing of the catheter was achieved 
in 96.8%, and the channel dilator successfully advanced 
into the occlusion reversely during retrograde wiring in 
94.4%.39

 x Wiring the antegrade guide, snaring, and externalization: 
Of the several available retrograde wiring techniques, the 
reverse CART technique has become the most commonly 
used technique in the Corsair era because retrograde balloon 
access is not required

 x Opening the occlusion: In the Corsair era, the use of a 
sti# guidewire is dispensable due to the improvement of 
retrograde wiring support. Furthermore, $oppy guidewires 
are sometimes good enough to connect the antegrade and 
retrograde channels under the implementation of the reverse 
CART technique, which might allow the use of a larger balloon 
catheter to dilate proximal vessels. After successful use of the 
reverse CART technique, the retrograde wire can be exchanged 
to a 300 cm guidewire to facilitate the subsequent procedure, 
similar to the retrograde wire crossing technique (Fig. 5).

 Blue arrow line: Antegrade wire; Red arrow line: Retrograde 
wire.
 Tsujita, et al. treated CTO using IVUS via antegrade or 
retrograde techniques. RCA CTOs was treated more frequently 

via the Retro technique. Although the CTO length was much 
longer in the Retro group. !e incidence of the composite end 
point—subintimal wiring, angiographic extravasation, coronary 
hematoma, or IVUS-detected coronary perforation—was higher 
in the Retro group (68% versus 30%, p = 0.01); and the guidewire 
was more often subintimal in the Retro group (40% versus 9%, p 
= 0.02). IVUS can be a useful tool for the detection of procedure-
related vessel damage and subintimal were tracking.11 Most 
intramural/extramural hematomas and/or perforations were 

Figs 4A and B: (A) Retrograde wire crossing technique: retrograde wiring is performed with a dedicated slippery guidewire with a microcatheter 
from the collateral-supplying vessel into the distal vessel. Then, the retrograde guidewire is steered proximally, ideally to the antegrade guiding 
catheter. (B) Kissing wire technique: the retrograde guidewire can also be used as a marker when crossing the chronic total occlusion lesion 
from the antegrade direction. Finally, both the antegrade and retrograde guidewires link up with each other; and the antegrade guidewire is 
advanced to the distal vessel. 
Source: Courtesy to Dr M Ochiai.

A B

Figs 5A to D: (A) Kissing wire cross: Antegrade wire crosses to distal 
true lumen while leaving the retrograde wire in the distal true lumen. 
(B) Retrograde wire cross: Retrograde wire crosses to proximal true 
lumen. (C) Controlled antegrade and retrograde tracking (CART): 
Antegrade wire crosses to distal true lumen with ballooning chronic 
total occlusion lesion retrogradely. (D) Reverse CART: Retrograde 
wire crosses to proximal true lumen with ballooning chronic total 
occlusion lesion antegradely

A

C

B

D

Stenose

CTO

Wo liegt der Unterschied?
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medial NCs increased with progressive cellular inflammation
of the IP. The number and size of medial NCs and cellular
inflammation did not vary with CTO age. There was no
association of aneurysmal dilation of the media, medial atro-
phy and medial cellular inflammation with CTO age. A dense
inflammatory infiltrate of lymphocytes and monocyte-
macrophages was frequently observed within the media, and
within both IP and adventitia immediately adjacent to the
media, in CTOs of all ages (Fig. 7).

Adventitia. The adventitia was extensively revascularized in
CTOs of all ages with both small and large NCs (Fig. 6, C and
D). The frequency of adventitial fibrosis, number of adventitial
NCs and the distribution of adventitial NC size was similar
across all CTO ages. In CTOs ,1 year old, the adventitia was
associated with a greater number of NCs relative to IP (p 5
0.006), media (p 5 0.001) and lumen (p 5 0.001) locations
(Fig. 8A). In CTOs .1 year old (Fig. 8B), the adventitia was
associated with a similar number of NCs relative to the IP, but
it continued to be associated with higher NC numbers relative

to medial (p 5 0.001) and lumen (p 5 0.001) locations (Fig.
8B). The overall magnitude for NC numbers was adventitia .
IP $ media $ lumen for CTOs ,1 year old and adventitia $
IP . media $ lumen for CTOs .1 year old. In CTOs ,1 year
old, adventitial NC size was larger than that found in the IP

Figure 2. A and B, Low power views (hematoxylin-eosin and Lawson’s
elastic van Gieson stains) of chronic total occlusion lumen recanaliza-
tion by large central neovascular channels (NCs) (arrows). Scale bar
indicates 385 mm. C, High power view (hematoxylin-eosin stain)
demonstrating extensive small, medium and large intimal plaque (IP)
NCs (arrows). Scale bar indicates 167 mm. D, Low power view (elastic
van Gieson stain) demonstrating central lumen, IP and adventitial NC
formation (solid, open and curved open arrows, respectively). Scale
bar indicates 500 mm.

Figure 3. A, Cumulative frequency distribution curves for differing
intimal plaque (IP) types as a continuous function of chronic total
occlusion (CTO) age. Soft or lipid-laden CTO lesions predominate at
younger CTO ages; hard fibrocalcific lesions increase in frequency with
CTO age (p 5 0.0003). B, Cumulative frequency distribution function
curves for differing CTO IP cholesterol categories as a continuous
function of CTO age. IP cholesterol content is observed to increase
with declining CTO age (p 5 0.0007).
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Schumacher et al, CCI 2018

PET Perfusion after CTO and non-CTO PCI

92 pts with CTO and 31 
pts with non-CTO lesions

CTOs had larger 
perfusion defects and 
lower hyperemic blood 

flow

Defect sizes decreased 
to the same extent but 
with greater post-PCI 

hyperemic blood flow in 
non-CTO lesions

PET Perfusion nach CTO-PCI

Schumacher et al. CCI 2018



¡ Retrospective review of coronary angiograms 1996-2001
¡ Selection bias

LIMA V. SAPHENOUS VEIN GRAFTS

Khot,UN et al. Circulation 2004;109:2086-2091 

Lebensdauer der Bypässe

Khot UN et al. Circulation 2004;109:2086



(0.446–0.650) with a P-value< 0.001(Fig. 2). Long-
term MACE was reported or calculated for 19 studies
[11,19–26,30,31,33–40]. Successful percutaneous CTO
recanalization reduced the overall risk of MACE with
an RR of 0.704, 95% CI (0.595–0.832) with a P-val-
ue< 0.001(Fig. 3). Long-term MI was reduced by 21%
in successful PCI group with an RR of 0.786, 95% CI
(0.573–1.078) but the P-value was not significant
(P-value¼ 0.136) (Fig. 4). The measure of TVR through
subsequent PCI was reported in 13 studies [11,19–
23,30,33,35–37,40,41], and successful percutaneous
CTO recanalization was associated with a higher risk of
a subsequent TVR-PCI with an RR of 2.354, 95% CI
(1.354–4.095) with a P-value¼ 0.002 (Supporting Infor-
mation Fig. 2). The long-term risk of CABG was
reported for 17 studies [11,20,22–26,30,32–39,41], and
successful percutaneous CTO recanalization decreased
the risk of subsequent CABG with an RR of 0.254,
95% CI (0.213–0.303) with a P-value< 0.001 (Fig. 5).

Effects of CTO Duration on Long-Term Outcomes

Eleven studies [7,19–21,32,34,35,37,38,40,41] only
included patients with CTO lesions with an approxi-
mate duration of occlusion >3 months. In this sub-
group analysis, successful opening of a CTO was
associated with reduced mortality with an RR of 0.497,
95% CI (0.362–0.682) with a P-value< 0.001 (Fig. 6).
Similarly, compared to failed intervention, successful
percutaneous revascularization of CTOs of >3 months
duration showed a trend toward a lower risk of long-
term MACE. However, this benefit was not statistically
significant (RR of 0.715, 95% CI (0.510–1.001) with a
P-value¼ 0.051). The risk of subsequent TVR through
PCI was also increased in the successful CTO recanali-
zation group (RR of 7.385, 95% CI (1.999–27.291)
with a P-value¼ 0.003). However, the benefit of
reduction of the need for a subsequent CABG was
sustained (RR of 0.203, 95% CI (0.159–0.259) with a
P-value< 0.001).

Fig. 2. Forest plots for all-cause mortality for successful and
failed PCI groups. N represents the total number of patients in
the subgroup; n represents the number of events in the sub-
group.*The difference in patient number (9240 2 9219 5 21) rep-
resent the patients who were lost to follow up or died in the

hospital. The difference in patient number (3730 2 3697 5 33)
represents the patients who were lost to follow up or died in
the hospital. [Color figure can be viewed in the online issue,
which is available at wileyonlinelibrary.com]

100 Khan et al.

Catheterization and Cardiovascular Interventions DOI 10.1002/ccd.
Published on behalf of The Society for Cardiovascular Angiography and Interventions (SCAI).

all-cause mortality 
RR 0.54 (95%-CI 0.446-0.650) p<0.001

Meta-Analyse nach CTO-PCI 
23 Observational Studies, 12,970 patients, mean f/u 3.7±2.1 yrs

Khan MF et al. CCI 2013



LAD

LCX

RCA

RCA LAD LCX

CTO
STEMI

××

Chronischer und Akuter Koronarverschluss

_



MVD without CTO group, and 38% in the MVD with
concurrent CTO group.

During the first 30 days after STEMI, the mortality rate
was significantly higher in patients with a concurrent CTO
in a non-IRA, compared with patients with SVD (unad-
justed HR: 5.3, 95% confidence interval [CI]: 4.0 to 7.0,
p ! 0.01). Compared with patients with SVD, mortality
was also higher in patients with MVD without a concurrent
CTO (unadjusted HR: 2.0, 95% CI: 1.5 to 2.7, p ! 0.01).
Table 2 shows the adjusted Cox proportional HRs for death
during the first 30 days, and during 30 days to 5 years after
primary PCI. After adjusting for the aforementioned vari-
ables, the presence of a CTO in a non-IRA was still found
to be a strong and independent predictor for both 30-day
mortality, with an HR of 3.6 (95% CI: 2.6 to 4.7, p ! 0.01)

and 5-year mortality, excluding deaths within the first 30
days (HR: 1.9, 95% CI: 0.8 to 1.6, p ! 0.01). The presence
of MVD without a concurrent CTO was also found to be a
statistically significant independent predictor for 30-day
mortality (HR: 1.6, 95% CI: 1.2 to 2.2, p " 0.01) but not
for 5-year mortality excluding deaths within the first 30 days
(HR: 1.1, 95% CI: 0.8 to 1.6, p " 0.51).
Impact of a CTO on LVEF. In our study population of 3,277
patients, residual LVEF measurements were available in
1,745 patients (53%). A total of 1,674 patients underwent
echocardiography, and 71 patients underwent scintigraphy
within 30 days after the index event. Median time to LVEF
measurement was 3 days (IQR 2 to 5 days); time to LVEF
measurement was not statistically different among SVD,
MVD, and CTO patient groups. Among the 1,745 patients
for whom LVEF data were retrieved, 1,159 patients (66%)
had SVD, 386 patients (22%) had MVD, and 200 patients
(11%) had a concurrent CTO. The baseline clinical and
angiographic characteristics of patients with LVEF are
shown in Table 1 and compare well to characteristics of the
total cohort. This indicates that this subset seems a repre-
sentative sample of the total STEMI cohort.

Of the 1,745 patients, a total of 307 patients (18%) had
an LVEF !40%. Figure 2 shows the proportions of patients
with an LVEF !40% in each patient group. The propor-
tions of patients with an LVEF !40% were 16% in the
SVD group, 18% in the MVD without CTO group, and
28% in the MVD with concurrent CTO group (p ! 0.01).
The presence of a CTO in a non–IRA was a significant
predictor for a residual LVEF !40% (odds ratio [OR]: 2.0,
95% CI: 1.4 to 2.8). After correction for the presence of
MVD without CTO and differences in the aforementioned
variables, the presence of a CTO in a non-IRA remained an
independent predictor for a residual LVEF !40% with an
OR of 1.8 (95% CI: 1.2 to 2.7, p ! 0.01). Other indepen-

Figure 1. Landmark Survival Analysis

Cumulative risk of death during the first 30 days after primary percutane-
ous coronary intervention (PCI) and thereafter for patients with single-
vessel disease (SVD), multivessel disease (MVD), and a chronic total occlu-
sion (CTO).

Table 2. Independent Predictors for Death During the First 30 Days and During 30 Days to 5 Years After Primary PCI

Predictors for Death During the First 30 Days
After Primary PCI

Predictors for Death From 30 Days to 5 Yrs
After Primary PCI

HR 95% CI p Value HR 95% CI p Value

Shock 7.4 5.8–9.6 !0.01 1.6 1.0–2.4 0.04

CTO 3.6 2.6–4.7 !0.01 1.9 1.4–2.8 !0.01

MVD without CTO 1.6 1.2–2.2 0.01 1.1 0.8–1.6 0.51

LAD-related MI 1.4 1.1–1.7 0.01 1.7 1.3–2.2 !0.01

Hypertension 0.7 0.5–0.9 !0.01 1.1 0.8–1/5 0.52

Hypercholesterolemia 0.6 0.5–0.9 !0.01 0.8 0.6–1.1 0.12

Smoking 0.5 0.4–0.7 !0.01 0.8 0.6–1.0 0.07

Post-PCI TIMI flow grade 3 0.4 0.3–0.5 !0.01 0.6 0.5–0.9 !0.01

Age #60 yrs 1.3 0.9–1.7 0.13 3.3 2.4–4.5 !0.01

Covariates were allowed in the forward stepwise Cox regression model if they influenced the model with a likelihood ratio significance level of p ! 0.05 and removed if its significance level exceeded p " 0.1.

Covariates that were included in the analysis but were removed: male sex, diabetes mellitus, and previous MI. The variable “Age #60 yrs” was forced into the model for the first 30 days. The variables “MVD

without CTO,” “Hypertension,” “Hypercholesterolemia,” and “Smoking” were forced into the model for the 5 yrs thereafter.

CI " confidence interval; HR " hazard ratio; other abbreviations as in Table 1.
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MVD without CTO group, and 38% in the MVD with
concurrent CTO group.

During the first 30 days after STEMI, the mortality rate
was significantly higher in patients with a concurrent CTO
in a non-IRA, compared with patients with SVD (unad-
justed HR: 5.3, 95% confidence interval [CI]: 4.0 to 7.0,
p ! 0.01). Compared with patients with SVD, mortality
was also higher in patients with MVD without a concurrent
CTO (unadjusted HR: 2.0, 95% CI: 1.5 to 2.7, p ! 0.01).
Table 2 shows the adjusted Cox proportional HRs for death
during the first 30 days, and during 30 days to 5 years after
primary PCI. After adjusting for the aforementioned vari-
ables, the presence of a CTO in a non-IRA was still found
to be a strong and independent predictor for both 30-day
mortality, with an HR of 3.6 (95% CI: 2.6 to 4.7, p ! 0.01)

and 5-year mortality, excluding deaths within the first 30
days (HR: 1.9, 95% CI: 0.8 to 1.6, p ! 0.01). The presence
of MVD without a concurrent CTO was also found to be a
statistically significant independent predictor for 30-day
mortality (HR: 1.6, 95% CI: 1.2 to 2.2, p " 0.01) but not
for 5-year mortality excluding deaths within the first 30 days
(HR: 1.1, 95% CI: 0.8 to 1.6, p " 0.51).
Impact of a CTO on LVEF. In our study population of 3,277
patients, residual LVEF measurements were available in
1,745 patients (53%). A total of 1,674 patients underwent
echocardiography, and 71 patients underwent scintigraphy
within 30 days after the index event. Median time to LVEF
measurement was 3 days (IQR 2 to 5 days); time to LVEF
measurement was not statistically different among SVD,
MVD, and CTO patient groups. Among the 1,745 patients
for whom LVEF data were retrieved, 1,159 patients (66%)
had SVD, 386 patients (22%) had MVD, and 200 patients
(11%) had a concurrent CTO. The baseline clinical and
angiographic characteristics of patients with LVEF are
shown in Table 1 and compare well to characteristics of the
total cohort. This indicates that this subset seems a repre-
sentative sample of the total STEMI cohort.

Of the 1,745 patients, a total of 307 patients (18%) had
an LVEF !40%. Figure 2 shows the proportions of patients
with an LVEF !40% in each patient group. The propor-
tions of patients with an LVEF !40% were 16% in the
SVD group, 18% in the MVD without CTO group, and
28% in the MVD with concurrent CTO group (p ! 0.01).
The presence of a CTO in a non–IRA was a significant
predictor for a residual LVEF !40% (odds ratio [OR]: 2.0,
95% CI: 1.4 to 2.8). After correction for the presence of
MVD without CTO and differences in the aforementioned
variables, the presence of a CTO in a non-IRA remained an
independent predictor for a residual LVEF !40% with an
OR of 1.8 (95% CI: 1.2 to 2.7, p ! 0.01). Other indepen-

Figure 1. Landmark Survival Analysis

Cumulative risk of death during the first 30 days after primary percutane-
ous coronary intervention (PCI) and thereafter for patients with single-
vessel disease (SVD), multivessel disease (MVD), and a chronic total occlu-
sion (CTO).

Table 2. Independent Predictors for Death During the First 30 Days and During 30 Days to 5 Years After Primary PCI

Predictors for Death During the First 30 Days
After Primary PCI

Predictors for Death From 30 Days to 5 Yrs
After Primary PCI

HR 95% CI p Value HR 95% CI p Value

Shock 7.4 5.8–9.6 !0.01 1.6 1.0–2.4 0.04

CTO 3.6 2.6–4.7 !0.01 1.9 1.4–2.8 !0.01

MVD without CTO 1.6 1.2–2.2 0.01 1.1 0.8–1.6 0.51

LAD-related MI 1.4 1.1–1.7 0.01 1.7 1.3–2.2 !0.01

Hypertension 0.7 0.5–0.9 !0.01 1.1 0.8–1/5 0.52

Hypercholesterolemia 0.6 0.5–0.9 !0.01 0.8 0.6–1.1 0.12

Smoking 0.5 0.4–0.7 !0.01 0.8 0.6–1.0 0.07

Post-PCI TIMI flow grade 3 0.4 0.3–0.5 !0.01 0.6 0.5–0.9 !0.01

Age #60 yrs 1.3 0.9–1.7 0.13 3.3 2.4–4.5 !0.01

Covariates were allowed in the forward stepwise Cox regression model if they influenced the model with a likelihood ratio significance level of p ! 0.05 and removed if its significance level exceeded p " 0.1.

Covariates that were included in the analysis but were removed: male sex, diabetes mellitus, and previous MI. The variable “Age #60 yrs” was forced into the model for the first 30 days. The variables “MVD

without CTO,” “Hypertension,” “Hypercholesterolemia,” and “Smoking” were forced into the model for the 5 yrs thereafter.

CI " confidence interval; HR " hazard ratio; other abbreviations as in Table 1.
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non-IRA groups, had a higher proportion of diabetes mellitus, lower
values for high-density lipoprotein (HDL) cholesterol and estimated glo-
merular filtration rate (eGFR), and a higher level of brain natriuretic pep-
tide (BNP) than thosewithout CTO. Between the IRA andnon-IRA groups,
significant differences in baseline characteristics were not shown, except
the IRA group had higher rate of deteriorated renal function.

Table 2 summarizes the clinical status on hospital arrival and
angiographic findings in primary PCI. Comorbid CTO groups of IRA and
non-IRA showed tendencies toward hemodynamic instability at
hospital arrival, low blood pressure, vital shock, decompensated heart
failure, and experience of cardiopulmonary arrest. The IRA group had
a significantly higher proportion of these parameters than did the
non-IRA group. They had a significant higher GRACE risk score than
the non-IRA group reflecting these differences (IRA 227.1 ± 33.1, non-
IRA 174.7 ± 50.6, P b 0.0001). Hemodynamic supportive devices,
intra-aortic balloon pumps (IABPs), and percutaneous cardiopulmonary
support (PCPS), were required most in comorbid CTO groups. The IRA
group had tendency for a greater use of these devices than did the
non-IRA group, but the difference was not statistically significant.
There was no significant difference in angiographic success rate
among the groups, including in final TIMI flow grade and Blush grade.
However, peak creatine phosphokinase tended to be higher, and left
ventricular ejection fraction was significantly lower in the IRA than
the non-IRA group. CTO revascularizationwas attempted in 55.1% of pa-
tientswith CTO (38/69 patients; 9/23 patients in IRA, and 29/46 patients
in non-IRA group, P = 0.0754), and 44.7% of them were performed
within 24 h after STEMI onset (17/38 patients; 5/9 patients in IRA, and
12/29 patients in non-IRA group). As the result, success rate was 94.7%
(36/38 patients), and the proportion of successful CTO revascularization
in patients with CTO was 55.2% (36/69 patients; 9/23 patients in IRA,
and 27/46 patients in non-IRA, P = 0.2007). The relationship among
STEMI culprit artery, CTO artery, and collateral feeding donor artery
was summarized in Table 3.

3.1. 30-day mortality and prognostic impact of IRA

The comparison of 30-day all-cause mortality among SVD, MVD
without CTO, and MVD with CTO is demonstrated as Kaplan–Meier
curves in Fig. 1. SVD had the lowest 30-day mortality and comorbid
CTO led to worsen mortality compared to MVD without CTO (5.4%,
15.9%, 24.6%, P b 0.0001, respectively).

To examine the impact of origin of a collateral feeding donor artery
on 30-day mortality in MVD with CTO, the comparison between the
IRA and non-IRA groups is demonstrated in Fig. 2. The IRA group had a
significantly higher mortality than the non-IRA group (10.9% vs. 52.2%,
P b 0.0001, respectively). Fig. 3 demonstrates the comparison of 30-day
mortality among four groups; SVD, MVD without CTO, IRA, and non-
IRA (5.4%, 15.9%, 52.2%, 10.9%, P b 0.0001, respectively). The mortality
in the non-IRA group was similar to that in MVD without CTO (P =
0.3851). Thirty-day clinical outcomes are summarized in Table 4.

3.2. Independent predictors for 30 day death in MVD with CTO

To examine the independent predictors for 30-day death in STEMI
with comorbid CTO after primary PCI, age, gender, diabetes mellitus,
dyslipidemia, hypertension, concentration of hemoglobin, value of
eGFR, three-vessel disease, and IRA were examined by multivariable
Cox proportional hazards model in MVD with CTO. For eGFR, IRA was
significantly associated with 30-day deaths in univariable Cox models
and multivariable Cox models after univariate analysis including the

Fig. 1. Impact of MVD and CTO on 30-daymortality in STEMI after primary PCI. The impact of MVD and comorbid CTO lesion on 30-day all-cause mortality was demonstrated among SVD
(n= 483), MVDwithout CTO (n= 208), andMVDwith CTO (n= 69). MVDwithout CTO had an impairedmortality compared with that of SVD; moreover, patients with comorbid CTO
had worsened mortality compared with MVD without CTO (SVD: 5.4%, MVD without CTO: 15.9%, MVD with CTO: 24.6%, P b 0.0001).

Fig. 2. Comparison of 30-day mortality between IRA and non-IRA groups. A difference in
30-day all-cause mortality between IRA and non-IRA groups was demonstrated. The IRA
group had greater mortality than did the non-IRA group (IRA: 52.2%, non-IRA: 10.9%,
P b 0.0001).
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any CTO

above covariates, while IRA (hazard ratio 4.71, 95% CI 1.60–14.2, P =
0.0005) was independently associated with 30-day mortality (Table 5).

4. Discussion

The present study showed a strong impact of the origin of the collat-
eral feedingdonor artery toCTO from IRA onmortality in STEMI patients
with comorbid CTO. In contrast, patients with comorbid CTO with col-
lateral flow from a non-IRA had significantly better mortality than
those with flow from the IRA, similar to that seen in MVDwithout CTO.

It is well known that MVD has a higher mortality than SVD in coro-
nary artery disease, and this adverse impact is similar in STEMI [1,2,14].
The frequency of comorbid CTOwith STEMI is reported to be around 4%

to 13% [3,15–22], and it is regarded as one of the most critical type
because of the tendency to lead to hemodynamic instability [4,5,23].

Myocardiumdistal to a CTO lesion is not always totally necrosed, but
maintained in a hibernating status supplied by collateral blood flow. If a
culprit lesion of STEMI exists in a collateral donor feeding artery, acute
ischemia spreads out over a two-vessel area. A broadly expanded
ischemic area may cause hemodynamic instability, such as vital shock,
heart failure, or cardiopulmonary arrest on arrival and may necessitate
mechanical support by IABP or PCPS. This effect may also lead to greater
short-term mortality in the IRA group. To the contrary, comorbid CTO
with collateral flow from a non-IRA shows acute ischemia in only a
single-vessel area. The difference between the IRA and non-IRA groups
is considered to be derived from the difference in acute ischemic area.
The strong relationship between hemodynamic instability at onset

Fig. 3. The 30-daymortality for SVD,MVDwithout CTO, IRA, and non-IRA groups. The IRA group had significantly greater mortality than did the other groups (IRA: 52.2%, SVD: 5.4%, MVD
without CTO: 15.9%, non-IRA: 10.9% P b 0.0001). A significant difference was not shown between the 30-day mortality of non-IRA and MVD without CTO (P = 0.3851).

Table 4
30-Day clinical outcomes across the three groups.

Overall (n = 760) SVD (n = 483) MVD without CTO (n = 208) MVD with CTO (n = 69) P value; Overall P value; IRA vs. non-IRA

IRA (n = 23) Non-IRA (n = 46)

All-cause death 76 (10.0%) 26 (5.4%) 33 (15.9%) 12 (52.2%) 5 (10.9%) b0.0001 b0.0001
Cardiogenic death 67 (8.8%) 22 (4.6%) 30 (14.4%) 11 (47.8%) 4 (8.7%) b0.0001 b0.0001
Stroke 16 (2.1%) 10 (2.1%) 3 (1.4%) 1 (4.3%) 2 (4.3%) 0.2035 1.000
Re-myocardial infarction 9 (1.2%) 2 (0.4%) 4 (1.9%) 1 (4.3%) 2 (4.3%) 0.0580 1.000

IRA = infarct related artery; CTO = chronic total occlusion, SVD = single-vessel disease.

Table 5
Cox proportional hazards analysis for predictors of 30-day death.

Variables Univariate Multivariate

HR (95% CI) P value HR (95% CI) P value

Age 1.02 (0.98–1.06) 0.1902
Male 1.90 (0.65–5.01) 0.2212
Diabetes mellitus 1.24 (0.48–3.32) 0.6505
Dyslipidemia 1.59 (0.51–4.30) 0.3979
Hypertension 1.54 (0.36–4.74) 0.5145
Hemoglobin 1.01 (0.84–1.24) 0.9225
Estimated glomerular filtration rate 0.96 (0.94–0.98) 0.0011 0.98 (0.95–1.01) 0.0719
Three-vessel disease 2.03 (0.73–5.29) 0.1627
Infarct-related artery 6.04 (2.23–19.04) 0.0003 4.77 (1.60–14.2) 0.0005

CI = confidence interval.
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STEMI in collateral 
donor artery

STEMI im Kollateralen abgebenden Gefäss

Fujii T et al. Int J Cardiol 2016



Prognostic Risk Factors for Mortality in Ventricular 
Tachyarrhythmias

1,461 pts with arrhythmias, 20% had CTO
Mortality (mean 18 months) of 46% with CTO vs. 27% without CTO

Behnes et al, Eurointervention 2019

Erhöhte Mortalität bei Kammertachykardien

Behnes et al. EuroIntervention 2019



Lebensqualität nach erfolgreicher CTO-PCI

FACTOR Trial

Gesundheitszustand nach 1 Monat

Angina pectoris
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The Hybrid Algorithm

Maeremans J et al. JACC 2016;68:1958

Antegrade Wire Escalation

Antegrade Dissection and Re-entry



Algorithmen

Wu E et al. JACC 2021;78:840

preferred. The “move-the-cap” techniques could be
used if there are no significant side branches at the
proximal or distal cap, as the intentional dissection
can lead to occlusion of those branches, but should be
avoided in patients with small and diffusely diseased
distal vessels in whom re-entry into the distal true
lumen may be challenging.

STEP 4: APPROACHING POOR DISTAL VESSEL

QUALITY OR BIFURCATION AT THE DISTAL CAP. In
patients with poor distal vessel quality or bifurcation
at the distal cap, the retrograde approach may be
safer and more efficient for operators experienced in
this technique (10). In patients with bifurcation at the
distal cap, use of a dual-lumen microcatheter is rec-
ommended for advancing a guidewire into the side
branch to prevent side branch occlusion after balloon

angioplasty and stenting. If the CTO crossing guide-
wire position is unclear, IVUS should be performed
before stent placement to avoid side branch occlusion
due to subintimal position of the main branch wire at
the bifurcation.

STEP 5: FEASIBLE RETROGRADE OPTION. The term
“interventional” collateral has been used for retro-
grade collateral vessels considered appropriate for
crossing by the operator (8). Coronary bypass grafts,
whether patent or occluded, are often used for the
retrograde approach, even though bypass grafts are
not truly “collateral” vessels. We introduce the term
“feasible retrograde option” to describe the presence
of any retrograde route considered appropriate for
retrograde CTO PCI. Bypass grafts and septal collat-
eral vessels are preferred over epicardial collateral

CENTRAL ILLUSTRATION The Global Chronic Total Occlusion Crossing Algorithm

9. Investment

Success

8. Change Strategy

Move the cap Intravascular Ultrasound
3. Proximal cap ambiguity

4. Poor distal vessel quality

6. Antegrade wiring

1. Dual Injection
2. Careful analysis of angiogram

10. Consider stopping if >3 hours;
3x estimated glomerular !ltration rate ml contrast;
Air Kerma >5 Gy unless procedure well advanced.

7. Retrograde
Approach

10. Stop

5. Feasible Retrograde Option
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6b. Antegrade dissection
and re-entry

6a. Parallel
Wiring/ IVUS

Wu, E.B. et al. J Am Coll Cardiol. 2021;78(8):840–853.

Flow of chronic total occlusion crossing procedure. Yes or presence of feature or success indicated by green arrow; no or absence of feature indicated by
red arrow; failure indicated by black arrow; progression to next step indicated by blue arrow.
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Prädiktoren - Morphologie

Freed et al. Manual of Interventional Cardiology 1996
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Antegrade Techniken

Adapted from Azzalini et al. Catheter Cardiovasc Interv. 2020 Apr 22. doi: 10.1002/ccd.28941.
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Wieso Retrograd?

_

• proximale Verschlusskappe 
– dem arteriellen Druck ausgesetzt → härter, flach 

• distale Verschlusskappe 
– dem kollateralen Druck ausgesetzt → weicher, Kanal



Werkzeuge



Specialty Guidewires



Polymer coated knuckle wire 

_



Microcatheter

J. Spratt CTO Summit NY 2017
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IVUS



IVUS is performed with a ‘pull-back’



How can IVUS help?

IVUS 
catheter
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Wire 
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Morphology – concentric calcification



Imaging Resolution

_
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