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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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Residueller SYNTAX Score
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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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Koronarknochen
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Therapieoptionen
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Mit CTO

47%

31%

22%

medikamentös Bypass PCI

Ohne CTO

73%

18%

9%

ΔPCI = 26%



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
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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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Ausreichende Kollateralisation?

Meier P et al. Circulation 2007

In nur 20% nach akutem Koronarverschluss (CFI >0.25)


