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Table 16.12.  Chronic Total Coronary Occlusion:  Time, Equipment, and Cost

Series Occlusion
Procedure Time

(min)
Radiation Time

(min)

Equipment

Cost ($)Guides / Wires / Balloons

Stewart13

(1993)
Total
Nontotal

73
59

30
18

-
-

-
-

Bell16

(1991)
Total
Nontotal

74
59

31
18

2.0 / 2.7 / 1.8
 1.5 / 1.5 / 1.3  

 1947
1398

Abbreviations:  - = not reported

4. Adjunctive Thrombolytic Therapy.   Small reports (using different lytic agents and infusion
regimens) suggest that prolonged intracoronary thrombolytic infusions may improve recanalization
rates, coronary flow, and PTCA success (Tables 16.14, 16.15). 

Table 16.15.  Intracoronary Thrombolysis for Occlusions Resistant to PTCA Guidewires

Series N Lytic Results Other

Zidar47,110

(1996)
60 UK (1.6-3.2 MU x 8 hrs) via

infusion wire + guide catheter
PTCA success 52-59%
for all doses

Major bleeding and vascular
complications were increased at
higher lytic doses.  Restenosis
(59%) and reocclusion (9%) at 6
months

Ajluni52

(1995)
25 UK (100,000-240,000 U/hr x 8-

25 hrs) via infusion wire + guide
catheter

Increase in coronary
flow (28%); PTCA
success (52%)

MI (8%); significant bleeding
(8%); length of stay (5.1 days)

Cecena53

(1993)
20 UK bolus (120,000 U IC) plus up

to 200,000 U/hr x 24 hrs via
infusion wire + guide catheter

Increase in coronary
flow (90%); PTCA
success (94%)

No MI or emergent CABG; blood
transfusion (10%)

Vaska54

(1991)
11 tPA (5-10 mg/hr x 6 hrs) via

infusion wire
Increase in coronary
flow (91%); PTCA
success (82%)

No death, MI, or emergent
CABG; acute closure (10%)

Abbreviations:  UK = urokinase; MI = in-hospital myocardial infarction; CABG = emergency coronary artery bypass
grafting; MU = million units; tPA = tissue plasminogen activator

E. NON-BALLOON DEVICES.  Failure to cross a chronic total occlusion with a guidewire accounts
for 80% of unsuccessful procedures.  This limitation is extremely important because all currently
available devices (balloon, atherectomy, excimer laser, stent) require initial crossing of the occlusion
with a guidewire.  Preliminary data suggest that several rotational, laser, and ultrasound devices may
be capable of recanalizing 30-50% occlusions resistant to PTCA guidewires (Table 16.13).   Once the
occlusion is crossed, conventional PTCA, atherectomy, laser, and stents can be used to improve lumen
dimensions (Tables 16.15, 16.18).
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Table 16.13.  Crossing Total Occlusions Resistant to PTCA Guidewires

Series N
Device

Success (%)*
Final

Success (%)* Other Results

Safe-Steer Wire
Morales144

(2002)

30 87 - No perforations

Frontrunner Catheter
Whitlow143

(2002)

100 71 - Successful stenting (67%); coronary perforation (6%); no
Q-wave MI or emergent CABG

Crosswire
Kahler134

(2000)
107 42 - Hemopericardium (1.8%); contrast staining (4.6%)

Corcos121

(1998)
56 79 - Perforation (36%); tamponade (1.8%)

Serial Guidewire
Reimers100

(1998)
301 73 62 Tamponade (1%); contrast staining (8%)

Glidewire
Freed36

(1993)
59 54 39 No perforations

Rees37

(1991)
33 58 52 Non-flow-limiting dissections (52%)

Magnum Wire
Meier124

(1997)
50 46 - In-hospital death (1.5%); emergency surgery (0.8%);

perforation (4%)

Pande39

(1992)
28 45 39 See Table 16.14

Laserwire†

Oesterle99

(1998)
179 61 56 Coronary perforation (16%); tamponade (1.7%)

Schofer96

(1997)
66 50 47 Success 68% for lesion length < 10 mm and 25% for lesion

length 30-40 mm

Hamburger82

(1997)
345 59 - Coronary perforation (21%); tamponade (1.0%); non-Q-

wave MI (0.9%).  Predictors of success were occlusion
duration < 40 weeks and length < 30 mm

Shinobi Wire
Khanna136

(1999)
13 69 69 Stiff, torquable, Teflon-coated wire.  No perforations,

contrast staining, or emergency CABG

Vibrational Angioplasty
Cannon138

(2000)
14 71 43 Local perforation (14%); no death or emergency CABG

Rees42

(1995)
18 89 78

ROTACS
Danchin43

(1995)
50 - 66 See Table 16.14

Abbreviations:  ROTACS = Rotational Angioplasty Catheter System; - = not reported
* Device success = cross occlusion with device; final success = procedural success after adjunctive PTCA or stent
† Visible entry port and visualization of distal vessel via collaterals required.  PTCA guidewire crossing not attempted prior to

laserwire.
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Table 16.14.  Randomized Trials of Percutaneous Revascularization for Chronic Total Occlusion

Trial N Design 1° Success (%) Comments

Crosswire
Lafavre135

(1999)
46
42

Conventional wire
Crosswire

35
74

Crosswire required less fluoroscopy (19.2 vs. 24.3 min)
and procedure time (42 vs. 57 min)

Laserwire
TOTAL101

(1998)
145
160

Laserwire
PTCA

64
48

Similar complications; laserwire was useful when
conventional wires failed (58% success)

Magnum Wire
Pande39

(1992)
100 Magnum

PTCA
45
67

Magnum success after PTCA failure (39%); PTCA
success after Magnum failure (12%).  No difference in
fluoroscopy time

Haerer25

(1991)
102 Magnum

PTCA
Omniflex

32
68
59

Magnum failures salvaged by other systems in 48%

ELCA
AMRO45

(1996)
103 ELCA

PTCA
65
61

No difference in 6-month clinical endpoints or
reocclusion

ROTACS
Danchin43

(1995)
100 ROTACS

PTCA
66
60

No advantage for ROTACS

STENTS
SARECCO132

(1999)
55
55

Stent
PTCA

-
-

Stents had higher EFS at 2 years (52% vs. 26%, p <
0.05)

TOSCA128,139

(1999)
202
208

Stent
PTCA

-
-

Stents had less TVR (23% vs. 31%, p = 0.03) and
similar MACE (40% vs. 46%) at 1-3 years

Hoher131

(1999)
42
43

Stent
PTCA

-
-

Stents had less restenosis (32% vs. 64%),  less
reocclusion (3% vs. 24%), and higher EFS (70% vs.
45%) at 6 months

STOP103

(1999)
48
48

Stent
PTCA

-
-

Stents had less TLR at 6 months (19% vs. 39%)

MAJIC104

(1998)
87
96

Stent
PTCA

-
-

Stents had less TLR at 6 months (30% vs. 63%)

GISSOC102

(1998)
56
54

Stent
PTCA

-
-

Stents had less restenosis (32% vs. 68%), reocclusion
(8% vs. 34%), TLR (5% vs. 18%), and recurrent
ischemia (14% vs. 46%) at 9 months

SICCO88,97

(1996)
58
59

Stent
PTCA

-
-

Stents had less restenosis (32% vs. 74%), reocclusion
(12% vs. 26%), and TLR at 10 months  (22% vs. 42%)
and at 2.8 years (19% vs. 48%)

Thrombolysis
Zidar110

(1996)
60 Intracoronary

urokinase
PTCA success after lytic regimens (52-56%). More
bleeding, vascular complications at higher doses. 
Clinical improvement (76%); reocclusion (9%);
restenosis (59%); target vessel revascularization (36%).  

Abbreviations: EFS = event free survival; ELCA = Excimer Laser Coronary Angioplasty; ROTACS = Rotational Angioplasty
Catheter System; TLR = target lesion revascularization; MACE = major adverse cardiac events  (death, MI, TLR); - = not reported.
Acronyms:  AMRO = Amsterdam-Rotterdam Trial; GISSOC = Gruppo Italiano di Studio Sullo Stent Nelle Occlusioni Coronariche;
MAJIC = Mayo Japan Investigation for Chronic Total Occlusion; SARECCO = Stent or Angioplasty after Recanalization of Chronic
Coronary Occlusions; SICCO = Stenting in Chronic Coronary Occlusion; STOP = Stents in Total Occlusion and Restenosis
Prevention; TOSCA = Total Occlusion Study of Canada; TOTAL = Total Occlusions Trial with Angioplasty Using Laser Guidewire
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1. Devices for Occlusions Resistant to PTCA Guidewire Crossing (Table 16.13)
a. Laserwire.  An 0.018" excimer laser guidewire (PrimaWire, Spectranetics) has been

developed to recanalize chronic total occlusions that cannot be crossed with conventional
guidewires  (Figure 16.2).  Use of this guidewire requires meticulous technique and careful
patient selection to avoid severe dissection and perforation.  Only a small fraction of total
occlusions may be suitable for the laserwire since its use must be limited to short segments of
occlusion in straight vessels, and the operator must be able to visualize the proximal and distal
extent of the occlusion throughout the ablation procedure.  To perform this technique safely,
frequent use of orthogonal views or biplane angiography are required to ensure the laserwire
is directed along the major axis of the vessel.  If contralateral collaterals are present, the donor
vessel should be engaged with a second guiding catheter from the contralateral femoral artery
to identify the distal end of the occlusion.  Even partial penetration of the occlusion may allow
successful crossing with a conventional wire.  Once a channel is formed, the lesion is treated
with PTCA or another device.  Observational and randomized trials suggest that the laserwire
may have slight incremental benefit for crossing refractory total occlusions, but there is a high
incidence of coronary perforation and tamponade.82,83,92,96,99,101  

b. Ultrasound Probe .  Therapeutic ultrasound catheters that transmit vibrational energy via ball-
tipped  guidewires  are  now  being  used  to  recanalize  total  occlusions.   Ongoing  studies,
including  the multicenter European CRUSADE trial, hope to clarify the mechanism of action
and define acute and long-term outcomes.

c. Vibrational Angioplasty.  This technique involves the use of a guidewire attached to a motor.
When activated, the motor causes rapid oscillation of the advancing guidewire.  Among 18
lesions resistant to conventional techniques, vibrational angioplasty was successful in 78%.42

d. ROTACS:  Low-Speed Rotational Angioplasty Catheter System.  This battery-driven,
over-the-wire catheter is comprised of several helical stainless-steel coils, a moveable
polyethylene or polyolefin sheath, and a 1.3-1.8 mm olive-shaped ball-tip.  Using an 8F
guiding catheter, the ROTACS is advanced over a conventional angioplasty guidewire until
it abuts the occlusion.  After removing the guidewire, the electric motor is activated and
continuous forward pressure is applied to the catheter while it rotates at 200 rpm.  The central
lumen of the catheter is used to deliver contrast injections and assess progress.  If unsuccessful,
the sheath can be advanced to increase support.  If the catheter crosses the occlusion, the
guidewire should be reinserted and the ROTACS system exchanged for a conventional balloon
catheter.  ROTACS was used to successfully recanalize about half of resistant occlusions,
including vessels occluded up to 12 months.44  The BAROCCO trial, a randomized study of
ROTACS vs. PTCA in 100 chronic total coronary occlusions, revealed ROTACS success in
40% and PTCA success in 52% of lesions (p = NS).43 PTCA was able to salvage 59% of
ROTACS failures, whereas only 17% of PTCA failures could be salvaged by ROTACS.  The
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investigators concluded that initial use of  ROTACS does not offer an advantage over PTCA,
but could be reserved for PTCA failures.  This device is rarely used and is not available in the
United States.

e. Optical Coherence Reflectometry (OCR).  The Safe-Steer Guidewire (Intraluminal
Therapeutics, Inc) is a new system that is currently under evaluation for revascularization of
chronic total occlusions which cannot be crossed with a guidewire.  The system relies on
optical reflectance to differentiate plaque, thrombus, and blood from vessel wall, facilitating
guidewire advancement.

2. Devices Used for Wire-Crossable Occlusions (Tables 16.16, 16.17)
a. Lasers.  In the multicenter Amsterdam-Rotterdam (AMRO) trial, 103 patients with total

occlusions were randomized to excimer laser angioplasty (ELCA) or PTCA.  No differences
were observed in procedural success (65%), late reocclusion (ELCA 33%, PTCA 23%), or 6-
month event-free survival.45 Most procedural failures were due to inability to cross the
occlusion with a guidewire, but if the occlusion was crossed, success rates were 90%.59,63,71

Major ischemic complications were infrequent, although restenosis rates approached 50%.63

ELCA is rarely utilized today for chronic total occlusions.

b. Atherectomy (Chapters 27-29).  Among 145 total occlusions crossed with a guidewire in
multicenter Rotablator Registry, procedural success was achieved in 91%.57  Acute closure
occurred in 7.2%, half of which developed after the patient left the catheterization laboratory.
Rotablator may be especially useful if a rigid chronic total occlusion cannot be crossed or
dilated with a balloon.  Few data are available regarding the ability of DCA or TEC to
recanalize chronic total occlusions.  In one report, DCA was successful in 15 of 17 occlusions
after crossing the occlusion with a guidewire.55,56

c. Stents (Table 16.17).  Although the presence of a chronic total occlusion was once a relative
contraindication to stenting, recent data indicate a definite role.  Most randomized trials
demonstrated less restenosis, less reocclusion, and less target lesion revascularization with
stents,88,89,97,102-104 although some did not.107,108,120  Risk factors for restenosis are similar to those
for stenting nontotal occlusions, and include final MLD, length of stent, final balloon/artery
ratio, and dissection.98,109 Older stent trials frequently used original warfarin-based strategies,
which may have had an adverse impact on late outcome; more contemporary antiplatelet
strategies have enhanced the safety and efficacy of stenting.
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Table 16.16.  Results of Atherectomy and Lasers for Chronic Total Occlusion

Device N
Success

 (%)
In-hospital
MACE (%) Other

DCA
Dick55

(1991)
7 86 0 Occlusion duration 41 days (range 5-105 days)

Hinohara56

(1991)
10 90 0

Rotablator
Braden142

(2001)
139 - 3.2 Clinical restenosis (19%)

Levin87

(1996)
15 100 0 Dissection (18%); acute closure (7.2%)

Omoigui57

(1995)
145 91 5.7

ELCA
Schofer111

(1996)
80 90 1.2 Minor dissection (45%); restenosis (53%,

including 20% reocclusion)

Klein59

(1994)
172 (> 3 months)
107 (< 3 months)

85
90

2.0 Acute closure (4.5% vs. 2.7%); perforation
(0% vs. 0.9%)

Baumbach61

(1993)
212 - - Total occlusion predictive of perforation

Holmes62

(1993)
172 90 3.7

Bittl64

(1992)
127 84 -

Holmium Laser
deMarchena65

(1994)
25 100 0

Abbreviations:  ELCA = excimer laser coronary angioplasty; DCA = directional coronary atherectomy; RS = restenosis; MACE
= major adverse cardiac events;  - = not reported
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Table 16.17.  Results of Stents for Chronic Total Occlusion

Series Device N Results

TOSCA128,139,145

(2002)
PTCA
Stent

202
200

Randomized trial.  At 6 months, stents were associated with a 45% reduction in
clinically-driven TVR.  At 1-3 years, stent group had less TLR (23% vs. 31%, p =
0.03) and similar MACE (40% vs. 46%). Acute gain and TLR at 1 year was
similar in diabetics and nondiabetics

Gruberg133

(2000)
Debulk*/stent
Stent alone

44
108

In-hospital MACE (2.3% vs. 6.5%); no difference in TLR (14.4% vs. 16.3%) or
MACE (19.6% vs. 25.6%) at 14 months

Azuma130

(2000)
Debulk+/stent
Stent alone

52
224

Debulk/stent with less restenosis (odds ratio 0.38 [CI 0.19-0.78])

SARECCO132

(1999)
PTCA
Stent

55
55

Randomized trial.  2-year EFS higher with stents (52% vs. 26%, p < 0.05).

Hoher131

(1999)
Stent
PTCA

43
42

Randomized trial.  Success (95% vs. 88%); in-hospital MACE (1.5% vs. 0.5%). 
At 6 months, stenting was associated with less restenosis (32% vs. 64%),  less
reocclusion (3% vs. 24%), and higher EFS (70% vs. 45%)

STOP103

(1999)
Stent 
PTCA

48
48

Randomized trial.  Less TLR (19% vs. 39%) at 6 months with stents

Anzuini94

(1998)
Stent 89 Success (98%); in-hospital MACE (5.6%); restenosis (32%) and reocclusion (4%)

at 19 months; MACE at 1 year (13%) and 3 years (28%)

Suttorp95

(1998)
Stent 38 Restenosis (40%) and reocclusion (23%) at 6 months

GISSOC102

(1998)
Stent 
PTCA

56
54

Randomized trial.  Stents had less restenosis (32% vs. 68%), reocclusion (8% vs.
34%), TLR (5% vs. 18%) and recurrent ischemia (14% vs. 46%) at 9 months

MAJIC104

(1998)
Stent 
PTCA

87
96

Randomized trial.  Stents had less TLR at 3 months (15% vs. 41%) and at 6
months (30% vs. 63%)

Yamasaki106

(1998)
Stent 
PTCA

143
75

Stents with greater patency at 3 years (88% vs. 63%)

Carere107

(1998)
Stent 
OPTCA
SOPTCA

194
122
74

Substudy of TOSCA.  OPTCA and stents with similar 6-month patency, TLR,
angiographic restenosis.  Both were significantly better than SOPTCA

Title108

(1998)
Stent 
PTCA

54
83

Substudy of TOSCA in vessels < 3 mm.  At 6 months, stents had similar
restenosis (53% vs. 63%) and TLR (11% vs. 11%), more non-Q-MI (17% vs.
4%), and higher patency (98% vs. 87%)

Rau968

(1998)
Stent 143 Restenosis (22%) and reocclusion (7%) at 4.5 months

SICCO109

(1998)
Stent 143 Randomized trial.  Stents has less restenosis (32% vs. 74%), less reocclusion

(12% vs. 26%), less TLR at 10 months (22% vs. 42%) and 2.8 years (19% vs.
48%), and less MACE at 2-8 years (6% vs. 24%)

Elezi90

(1997)
Stent (CTO)
Stent (no CTO)

54
972

CTO group had more restenosis (40% vs. 26%) and reocclusion (14% vs. 3%)

Mathey91

(1997)
Stent 143 Restenosis (28%); reocclusion (7%)
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Table 16.17.  Results of Stents for Chronic Total Occlusion

Series Device N Results

Mori105

(1996)
Stent 
PTCA

43
53

Stents had less restenosis (28% vs. 57%) and rePTCA (28% vs. 49%) at 6 months,
and less MI + CABG (2.3% vs. 11%).  Stenting (not PTCA) was associated with
improvement in LV ejection fraction

Saito120

(1996)
Stent
PTCA

34
35

Randomized trial.  Stents had similar reocclusion (6.3% vs. 11.4%), restenosis
(36.7% vs. 34.4%), and TLR (20% vs. 25%)

Ozaki 86

(1996)
Stent
PTCA

20
66

Similar restenosis (29% vs. 45%)

Ooka67

(1995)
Stent
PTCA

47
65

Stents had less restenosis (44% vs. 68%) and reocclusion (10% vs. 35%)

Goldberg163

(1995)
PSS 60 Restenosis (20%); 14-month EFS (77%)

Abbreviations:  TLR = target lesion revascularization; CTO = chronic total occlusion; MACE = major adverse cardiac events (death,
MI, repeat revascularization); OPTCA = optimal PTCA; SOPTCA = suboptimal PTCA
Acronyms: See Table 16.14
* DCA, ELCA, or Rotablator prior to stenting
+ DCA or Rotablator prior to stenting

SAPHENOUS VEIN GRAFT OCCLUSION

Of the more than 600,000 saphenous vein bypass grafts placed each year, 10-15% will be occluded at one
year and 50% by 10 years after operation.  Among the 10-20% of patients who require reoperation within
10 years, repeat bypass surgery is technically more difficult and has been associated with increased
morbidity and mortality compared to the initial operation (Chapter 17).

A. PATHOLOGY.  The etiology of saphenous vein graft occlusion is dependent on the time interval
following bypass surgery.73,74 In the first month, graft occlusion is almost always due to graft thrombosis
from poor surgical technique (suture line stenosis, intraoperative vein trauma) or poor distal run-off.
Between 1-12 months, initial hyperplasia is the most common cause.  After 1 year, occlusion is caused
by graft atherosclerosis, which is indistinguishable from coronary arteriosclerosis.  Once graft occlusion
occurs, retrograde thrombosis to the aorto-ostial junction is common.

B. PTCA.  Although PTCA can successfully revascularize approximately 70% of  occluded vein grafts,
there is a high incidence of distal embolization (11%), late graft occlusion (40-50%), and late cardiac
events (event-free survival of 54% at 1 year and 34% at 3 years).75  When distal embolization occurs,
50% are associated with vessel closure or CK elevation.75  Embolization may present as abrupt cutoff
of distal vessels (amenable to repeat dilation or lytics), or may be inferred on the basis of no-reflow.
PTCA alone is rarely utilized as sole therapy for occluded vein grafts.
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C. NON-BALLOON DEVICES.  Recanalization of occluded vein grafts using atherectomy,
thrombectomy, laser, stent, and embolic protection devices is discussed in detail in Chapter 17.

D. PROLONGED INTRAGRAFT THROMBOLYSIS.  Hartmann and associates77 were the first to
systematically study the use of prolonged urokinase infusions for chronically occluded vein grafts.  In
the multicenter ROBUST trial,78 107 patients with one occluded vein graft received intragraft urokinase
for at least 24 hours.  Successful recanalization was achieved in 69% of patients, but there was a high
incidence of major complications (death 6.5%, Q-wave MI 5%, non-Q-wave MI 17%, emergency CABG
4%,  stroke 3%).  Six-month angiography revealed sustained vessel patency in only 40%.  Lytic infusion
through the central lumen of an inflated balloon (Balloon-Occlusive-Intravascular-Lysis-Enhanced-
Recanalization; BOILER) is also feasible.79

CONCLUSIONS

Successful recanalization of chronic total coronary occlusions often results in marked improvements in long-
term symptomatic status and exercise capacity, and reduces the need for late CABG by 50%.  The benefits
of revascularization may be improved by stents and contemporary antiplatelet regimens.  However, the
management of totally occluded saphenous vein bypass grafts remains problematic.  PTCA should be
abandoned as sole therapy in vein grafts due to the high incidence of acute embolization and late
revascularization.  Stents hold promise as a means of reducing late reocclusion and restenosis, but
progressive disease at non-stented sites is a persistent cause of late graft failure.  The role of mechanical and
pharmacologic strategies will require further prospective, randomized evaluation.  Our approach to the
patient with chronic total occlusion is summarized in Figure 16.5.



Chapter 16.  Chronic Total Occlusion 309

ROTACS
VPTCA

Simple
morphology

Heavy
calcification

Thrombus Diffuse
disease

PTCA
Stent

Magnum
wire

Rotablator TEC
AngioJet

Lytic
IIb/IIIa inhibitor

Successful Crossing
with Guidewire

Failure to Cross
with Guidewire

Lytic
infusion

ELG

Chronic Total Occlusion

Long balloon
Rotablator

Stent*PTCA
Stent*

PTCA
Stent*

ROTACS
VPTCA

Simple
morphology

Heavy
calcification

Thrombus Diffuse
disease

PTCA
Stent

Magnum
wire

Rotablator TEC
AngioJet

Lytic
IIb/IIIa inhibitor

Successful Crossing
with Guidewire

Failure to Cross
with Guidewire

Lytic
infusion

ELG

Chronic Total Occlusion

Long balloon
Rotablator

Stent*PTCA
Stent*

PTCA
Stent*

Figure 16.5.  Approach to Chronic Total Coronary Occlusion

Abbreviations: ELG = excimer laser guidewire; TEC = transluminal extraction catheter; ROTACS = rotational angioplasty
catheter system; VPTCA = vibrational angioplasty
* Consider provisional stenting for suboptimal PTCA (residual stenosis > 30% or dissection)

* * * * *



Manual of Interventional Cardiology310

REFERENCES

1. Flameng W, Schwarz F, and Hehrlein FW.  Intraoperative
evaluation of the functional significance of coronary collateral
vessels in patients with coronary artery disease.  Am J Cardiol
1978;42:187-192.

2. Favereau X, Corcos T, Guerin Y, et al. Early reocclusion after
successful coronary angioplasty of chronic total occlusions. J
Am Coll Cardiol 1995;25:139A.

3. Tan K, Sulke N, Taub N, Sowton E. Clinical and lesion
morphologic determinants of coronary angioplasty success and
complications: Current experience. J Am Coll Cardiol
1995;25:855-65.

4. Ruocco NA Jr, Ring ME, Holubkov R, et al.  Results of
coronary angioplasty of chronic total occlusions (the National
Heart, Lung, and Blood Institute 1985-1986 Percutaneous
Transluminal Angioplasty Registry).  Am J Cardiol
1992;69:69-76.

5. Myler R, Shaw R, Stertzer S, et al.  Lesion morphology and
coronary angioplasty: Current experience and analysis. J Am
Coll Cardiol 1992;19:1641-1652.

6. Plante S. Laarman GJ, de Feyter PJ, et al.  Acute complications
of percutaneous transluminal coronary angioplasty for total
occlusion.  Am Heart J 1991;121:417.

7. Stone GW, Rutherford BD, McConahay DR, et al.  Procedural
outcome of angioplasty for total coronary artery occlusion:  An
analysis of 971 lesions in 905 patients.  J Am Coll Cardiol
1990;15:849-856.

8. Safian RD, McCabe CH, Sipperly ME, et al.  Initial success
and long-term follow-up of percutaneous transluminal coronary
angioplasty in chronic total occlusions versus conventional
stenoses.  Am J Cardiol 1988;61:23G-28G.

9. Kinoshitaw I, Katoh O, Nariyama J, Otsuji S, et al.  Coronary
angioplasty of chronic total occlusions with bridging collateral
vessels: Immediate and follow-up outcome from a large single-
center experience.  J Am Coll Cardiol 1995;26:409-15.

10. Ishizaka N, Issiki T, Saeki F, et al. Angiographic follow-up
after successful percutaneous coronary angioplasty for chronic
total coronary occlusion: Experience in 110 consecutive
patients. Am Heart J 1994;127:8.

11. Tan KH, Sulke AN, Taub NA, Watts E, Sowton E.  Coronary
angioplasty of chronic total occlusions: Determinants of
procedural success.  J Am Coll Cardiol 1993;21:76A.

12. Shimizu M, Kato O, Otsuji S, et al. Progress in initial outcome
of PTCA for complete occlusion. Circulation 1993;88:I-504.

13. Stewart J, Denne L, Bowker T, et al. Percutaneous transluminal
coronary angioplasty in chronic coronary artery occlusion. J
Am Coll Cardiol 1993;21:1371-1376.

14. Maiello L, Colombo A, Gianrossi R, et al. Coronary
angioplasty of chronic occlusions: Factors predictive of
procedural success. Am Heart J 1992;124:581-584.

15. Ivanhoe RJ, Weintraub WS, Douglas JS Jr, et al.  Percutaneous
transluminal coronary angioplasty of chronic total occlusions.
Primary success, restenosis, and long-term clinical follow-up.
Circulation 1992;85:106-115.

16. Bell MR, Berger PB, Reeder GS, et al.  Successful PTCA of
chronic total coronary occlusions reduces the need for coronary

artery bypass surgery.  Circulation 1991;84:II-250.
17. Shimizu M, Kato O, Otsuji S, et al.  Progress in initial outcome

of PTCA for complete occlusion.  J Am Coll Cardiol
1993;88:I-504.

18. Bell MR, Berger PB, Reeder GS, et al.  Initial and long-term
outcome of 354 patients after coronary balloon angioplasty of
total coronary artery occlusions.  Circulation 1992;85:1003.

19. Melchior JP, Meier B, Urban P, et al.  Percutaneous
transluminal coronary angioplasty for chronic total coronary
arterial occlusion.  Am J Cardiol 1987;59:535-538.

20. Tenaglia A, Fortin D, Califf R. Predicting the risk of abrupt
closure after angioplasty in an individual patient. J Am Coll
Cardiol 1994;24:1004-1011.

21. Ruocco NA, Ring ME, Holubkov R, Jacobs AK. Results of
coronary angioplasty of chronic total occlusions (the National
Heart, Lung, and Blood Institute 1985-1986 Percutaneous
Transluminal Angioplasty Registry). Am J Cardiol 1992;69:69-
76.

22. Stone GW, Rutherford BD, McConahay DR, et al.  Procedural
outcome of angioplasty for total coronary artery occlusion: An
analysis of 971 lesions in 905 patients.  J Am Coll Cardiol
1990;15:849-856.

23. Burger W, Kadel C, Keul H, Vallbracht C, Kaltenbach M. A
word of caution: Reopening chronic coronary occlusions.
Cathet Cardiovasc Diagn 1992;27:35-39.

24. Bell MR, Berger PB, Bresnahan JF, Reeder GS. Initial and
long-term outcome of 354 patients after coronary balloon
angioplasty of total coronary artery occlusions. Circulation
1992;85:1003-1011.

25. Haerer W, Schmidt A, Eggeling T, et al.  Angioplasty of
chronic total coronary occlusions.  Results of a controlled
randomized trial.  J Am Coll Cardiol 1991;17:113A.

26. Meier B.  Total coronary occlusion: A different animal?  J Am
Coll Cardiol 1991;17:50B.

27. Anderson TJ, Knudtson ML, Roth DL, et al.  Improvement in
left ventricular function following PTCA of chronic totally
occluded arteries.  Circulation 1991;84:II-519. 

28. Serruys PW, Umans V, Heyndrickx GR, et al.  Elective PTCA
of totally occluded coronary arteries not associated with acute
myocardial infarction; short-term and long-term results.  Eur
Heart J 1985;6:2-12.

29. Danchin N, Angiol M, Beurrie D, et al. Late recanalization of
chronic total coronary occlusion: Maintained vessel patency
improves global and regional left ventricular function and
avoids remodeling. J Am Coll Cardiol 195;25:345A.

30. Berger PB, Holmes DR, Ohman M, et al.  Restenosis,
reocclusion and adverse cardiovascular events after successful
balloon angioplasty of occluded versus nonoccluded coronary
arteries.  Results from the Multicenter American Research
Trial with Cilazapril after Angioplasty to Prevent Transluminal
Coronary Obstruction and Restenosis (MARCATOR).  J Am
Coll Cardiol  1996;27:1-7.

31. Violaris A, Melkert R, Serruys P.  Long-term luminal
renarrowing after successful elective coronary angioplasty of
total occlusions. A quantitative angiographic analysis.



Chapter 16.  Chronic Total Occlusion 311

Circulation 1995;91:2140-2150.
32. Kadel C, Burger W, Hartmann A, et al.  Long-term follow-up

in 686 patients with attempted reopening of chronic coronary
occlusions. Circulation 1993;88:I-505.

33. Finci L, Meier B, Fayre J et al.  Long-term results of successful
and failed angioplasty for chronic total coronary arterial
occlusion.  Am J Cardiol 1990;66:660.

34. Mintz G, Popma J, Pichard A, et al.  Increased plaque burden
affects procedural outcomes of total occlusions: An
intravascular ultrasound study. J Am Coll Cardiol
1995;25:61A.

35. Sherman CT, Sheehan D and Simpson JB.  Simultaneous
cannulation: A technique for percutaneous transluminal
coronary angioplasty of chronic total occlusions.  Cathet
Cardiovasc Diagn 1987;13:333-336. 

36. Freed M, Boatman JE, Siegel N, et al.  Glidewire treatment of
resistant coronary occlusions. Cathet Cardiovasc Diagn
1993;30:201-204.

37. Rees MR, Sivananthan MV, Verma SP.  The use of
hydrophilic Terumo glidewires in the treatment of chronic
coronary artery occlusions.  Circulation 1991;84:II-519.

38. Hosny A, Lai D, Mancherje C, Lee G.  Successful
recanalization using a hydrophilic-coated guidewire in total
coronary occlusions after unsuccessful PTCA attempts with
standard steerable guidewires. J Interven Cardiol 1990;3:225-
230.

39. Pande AK, Meier B, Urban P, de la Serna F.
Magnum/magnarail versus conventional systems for
recanalization of chronic total coronary occlusions:  A
randomized comparison. Am Heart J 1992;123:1182-1186.

40. Haerer W, Schmidt A, Eggeling T, et al.  Angioplasty of
chronic total coronary occlusions.  Results of a controlled
randomized trial.  J Cardiol 1991;17:113A.

41. Serruys PW, Hamburger J, Fleck E, Koolen JJ, et al.  Laser
guidewire: A powerful tool in recanalization of chronic total
coronary occlusion.  Circulation 1995;92:I-76.

42. Rees M, Michalis L. Vibrational coronary angioplasty:
Challenging chronic total occlusions. Preliminary clinical data.
J Am Coll Cardiol 1995;25:368A.

43. Danchin N, Cassagnes J, Juilliere Y, Machescourt J.  Balloon
angioplasty versus rotational angioplasty in chronic coronary
occlusions (the BAROCCO study).  Am J Cardiol
1995;75:330-334.

44. Kaltenbach M, Vallbracht C, and Hartmann A.  Recanalization
of chronic coronary occlusions by low speed rotational
angioplasty (ROTACS).  J Interven Cardiol 1991;4:155-165.

45. Appleman Y, Koolen J, Piek JJ, et al. Longterm outcome of
excimer laser angioplasty versus balloon angioplasty in
functional and total coronary occlusions. Am J Cardiol
1996;78:757-762.

46. Sato Y, Nosaka H, Kimura T, Nobuyoshi M.  Randomized
comparison of balloon angioplasty versus coronary stent
implantation for total occlusion.  J Am Coll Cardiol
1996;27:152A.

47. Zidar FJ, Kaplan BM, O’Neill WW, et al.  Prospective,
randomized trial of prolonged intracoronary urokinase infusion
for chronic total occlusions in native coronary arteries.  J Am
Coll Cardiol 1996;27:1406-12.

48. Höpp HW, Franzen D, Deutsch HJ, et al.  New option for
balloon recanalization of total coronary occlusions.  Cathet
Cardiovasc Diagn 1991;24:226-230.

49. Little T, Rosenberg J, Seides S, et al.  Probe ™ angioplasty of
total coronary occlusion using the Probing Catheter ™
technique.  Cathet Cardiovasc Diagn.  1990;21:124.

50. Hamm CW, Jupper W, Kuck K, et al.  Recanalization of
chronic total occluded coronary arteries by new angioplasty
systems.  Am J Cardiol 1990;66:1459.

51. Flood RD, Popma JJ, Chuang YC, Salter LF, et al.   Incidence,
angiographic predictors, and clinical significance of coronary
perforation occurring after new device angioplasty.  J Am Coll
Cardiol 1994;23:301A.

52. Ajluni S, Jones D, Zidar F, Puchrowicz S, Margulis A.
Prolonged urokinase infusion for chronic total native coronary
occlusions: Clinical, angiographic, and treatment observations.
Cath Cardiovas Diagn. 1995;34:106-110.

53. Cecena FA. Urokinase infusion after unsuccessful angioplasty
in patients with chronic total occlusion of native coronary
arteries. Cath Cardiovasc Diagn. 1993;28:214-218.

54. Vaska KJ, Whitlow PL.  Selective tissue plasminogen activator
infusion for chronic total occlusions of native coronary arteries
failing angioplasty.  Circulation 1991;84:II-250.

55. Dick R, Haudenschild C, Popma J, et al.  Directional
atherectomy for total coronary occlusions. Cor Art Dis
1991;2:189-199.

56. Hinohara T, Rowe M, Robertson G, et al.  Effect of lesion
characteristics on outcome of directional coronary
atherectomy. J Am Coll Cardiol 1991;17:1112-1120.

57. Omoigui N, Reisman M, Franco I, Whitlow P.  Rotational
atherectomy in chronic total occlusions. J Am Coll Cardiol
1995;25:97A.

58. Stertzer SH, Rosenblum J, Shaw RE, et al.  Coronary rotational
ablation:  Initial experience in 302 procedures.  J Am Coll
Cardiol 1993;21:287-95.

59. Klein L, Litvack F, Holmes D, et al.  Prospective multicenter
analysis of excimer laser coronary angioplasty (ELCA) in
stenosis with complex morphology. J Am Coll Cardiol
1994:February Special Issue 448A.

60. Litvack F, Eigler N, Margolis J, et al. Percutaneous excimer
laser coronary angioplasty: Results in the first consecutive
3,000 patients. J Am Coll Cardiol 1994;23:323-329.

61. Baumbach A, Bittl J, Fleck E, Geschwind H, Sanborn T.
Acute complications of excimer laser coronary angioplasty: A
detailed analysis of multicenter results.  J Am Coll Cardiol
1994;23:1305-1313.

62. Holmes DR, Forrester JS, Litvack F, Reeder GS, et al.  Chronic
total obstruction and short-term outcome: The excimer laser
coronary angioplasty registry experience.  Mayo Clin Proc
1993;68:5-10.

63. Buchwald AB, Werner GS, Unterberg C, et al.  Restenosis after
excimer laser angioplasty of coronary stenoses and chronic
total occlusions.  Am Heart J 1992;123:878-885.

65. deMarchena EJ, Mallon SM, Knopf WD, et al.  Effectiveness
of holmium laser-assisted coronary angioplasty. Am J Cardiol
1994;73:117-121.

66. Torre SR, Lai SM, Schatz RA.  Relation of clinical
presentation and lesion morphology to the procedural results of



Manual of Interventional Cardiology312

Palmaz-Schatz stent placement: A new approaches to coronary
intervention (NACI) registry report.  J Am Coll Cardiol
1994;23:135A.

67. Ooka M, Suzuki T, Yokoya K, Hayase M, et al.  Stenting after
revascularization of chronic total occlusion.  Circulation
1995;92:I-94.

68. Hsu Y-S, Tamai H, Ueda K, et al.  Clinical efficacy of
coronary stenting in chronic total occlusions. Circulation
1994;90:I-613.

69. Almagor Y, Borrione M, Maiello L, et al. Coronary stenting
after recanalization of chronic total coronary occlusions.
Circulation 1993;88:I-504.

70. Bilodeau L, Iyer S, Cannon A, et al.  Stenting as an adjunct to
balloon angioplasty for recanalization of totally occluded
coronary arteries:  Clinical and angiographic follow-up. J Am
Coll Cardiol 1993;21:292A.

71. Rothbaum DA, Linnemeier TJ, Krauthamer D, et al.  Excimer
laser angioplasty in total coronary occlusions: A registry report.
Circulation 1991;84:II-744.

72. Ooka M, Suzuki T, Kosokawa H, et al.  Stenting vs. non-
stenting after revascularization of chronic total occlusion.
Circulation 1994;90:I-613.

73. Saber RS, Edwards WD, Holmes DR Jr, et al.  Balloon
angioplasty of aortocoronary saphenous vein bypass grafts: A
histopathologic study of six grafts from five patients, with
emphasis on restenosis and embolic complications.  J Am Coll
Cardiol 1988;12:1501-1509.

74. Waller BF, Rothbaum DA, Gorfinkel HJ, et al.  Morphologic
observations after percutaneous transluminal balloon
angioplasty of early and late aortocoronary saphenous vein
bypass grafts.  J Am Coll Cardiol 1984;4:784-792.

75. Kahn J, Rutherford B, McConahay D, et al.  Initial and long-
term outcome of 83 patients after balloon angioplasty of totally
occluded bypass grafts. J Am Coll Cardiol 1994;23:1038-1042.

76. Margolis JR, Mehta S, Kramer B, et al.  Extraction
atherectomy for the treatment of recent totally occluded
saphenous vein grafts.  J Am Coll Cardiol 1994;23:405A.

77. Hartmann JR, McKeever LS, Stamato NJ, et al.  Recanalization
of chronically occluded aortocoronary saphenous vein bypass
grafts by extended infusion of urokinase: Initial results and
short-term clinical follow-up.  J Am Coll Cardiol
1991;18:1517-1523.

78. Hartmann JR, McKeever LS, O’Neill WW, White CJ, et al.
Recanalization of chronically occluded aortocoronary
saphenous vein bypass grafts with long-term, low dose direct
infusion of urokinase (ROBUST): A serial trial.  J Am Coll
Cardiol 1996;27:60-6.

79. Busch UW, Weingartner F, Renner U, Neumann FJ, et al.
Balloon-occlusive-intravascular-lysis-enhanced-recanalization
(B-O-I-L-E-R) of thrombotic saphenous vein graft occlusions:
A new technique of selective intravascular thrombolysis.  J Am
Coll Cardiol 1993;21:451A.80.

80. Katsuragawa M, Fujiwara H, Miyamae M, Sasayama S.
Histologic studies in percutaneous transluminal coronary
angioplasty for chronic total occlusion: comparison of tapering
and abrupt types of occlusion and short and long occluded
segments. J Am Coll Cardiol 1993;21:604-611.

81. Jaup T, Allemann Y, Urban P, et al.  The Magnum wire for

percutaneous coronary balloon angioplasty in 723 patients.  J
Invas Cardiol 1995;7:259-64.

82. Hamburger JN, Serruys PW, Scabra-Gomes, R, Simon R, et al.
Recanalization of total coronary occlusions using a laser
guidewire (The European TOTAL surveillance study).  Am J
Cardiol 1997;80:1419-1423).

83. Moussa I, DiMario C, Blengino S, et al.  Coronary stenting of
chronic total occlusions without anticoagulation: Immediate
and long-term outcome.  J Invas. Cardiol 1996;8.

84. Mehta S, Margolis JR, Bittl JA, Tcheng JE, et al.  Finally,
treatment of chronic total occlusions-ablation with excimer
laser angiopalsty. J Invas. Cardiol 1996;8.

85. Sharma SK, Duvvuri S, Cocke T, et al.  Directional coronary
atherectomy (DCA) of chronic total occlusions.  J Invas.
Cardiol 1996;8.

86. Ozaki Y, Violaris AG, Hamburger J, et al.  Short- and long-
term clinical and quantitative angiographic results with the
new, less shortening Wallstent for vessel reconstruction in
chronic total occlusion: A quantitative angiographic study.  J
Am Coll Cardiol 1996;28:354-360.

87. Levin TN, Carroll J, Feldman T.  High-speed rotational
atherectomy for chronic total coronary occlusions.  Cathet and
Cardiovasc Diagn 1996;3:34-39.

88. Sirnes A, Golf S, Myreng Y, et al.  Stenting in chronic
coronary occlusion (SICCO): A randomized, controlled trial of
adding stent implantation after successful angioplasty.  J Am
Coll Cardiol 1996;28:1444-51.

89. Sievert H, Rohde S, Schulze R, et al.  Stent implantation after
successful balloon angioplasty of a chronic coronary occlusion
- A randomized trial.  J Am Coll Cardiol 1997;29(Suppl.
A):15A.

90. Elezi S, Schuhlen H, et al.  Six-month angiographic follow-up
after stenting of chronic total coronary occlusions.  J Am Coll
Cardiol 1997;29(Suppl. A):16A.

91. Mathey DG, Seidensticker A, et al.  Chronic coronary artery
occlusion: Reduction of restenosis- and reocclusion-rates by
stent treatment.  J Am Coll Cardiol 1997;29(Suppl. A):396A.

92. Steffen W, Hamm CW, et al.  Is laserwire recanalization of
chronic total occlusions associated with a greater risk than
conventional recanalisation?  J Am Coll Cardiol
1997;29(Suppl. A):459A.

93. Moussa I, DiMario C, Monthsses J, et al.  Comparison of
angiographic and clinical outcomes of coronary stenting of
chronic total occlusions.  Am J Cardiol 1998;81:1-6.

94. Anzuini A, Rosanio S, Legrand V, et al.  Wiktor stent for
treatment of chronic total coronary artery occlusions: Short-
and long-term clinical and angiographic results from a large
multicenter experience.  J Am Coll Cardiol 1998;31:281-288.

95. Suttorp MJ, Mast EG, Plokker HWT, et al.  Primary coronary
stenting after successful balloon angioplasty of chronic total
occlusions: A single-center experience.  Am Heart J
1998;135:318-322.

96. Schofer J, Rau T, Schluter M, Mathey DG.  Short-term results
and intermediate-term follow-up of laser wire recanalization of
chronic coronary artery occlusion: A single center experience.
J Am Coll Cardiol 1197;30:1722-1728.

97. Sirnes PA, Golf S, Myreng Y, et al.  Sustained benefit of
stenting chronic coronary occlusion: Long-term clinical follow-



Chapter 16.  Chronic Total Occlusion 313

up of the stenting in chronic coronary occlusion (SICCO)
study.  J Am Coll Cardiol  1998;32:305-310.

98. Elezi S, Kastrati A, Wehinger A, et al.  Clinical and
angiographic outcome after stent placement for chronic
coronary occlusion.  Am J Cardiol 1998;82:803-806.

99. Oesterle SN, Bittl JA, Leon MB, et al.  Laser wire for crossing
chronic total occlusions: “Learning Phase" results from the
U.S. TOTAL Trial.  Cathet Cardiovasc Diagn.  1998;44:235-
243.

100. Reimers B, Kobayashi Y, Akiyama T, et al.  Mechanical
approach in the recanalization of total coronary occlusions: A
consecutive series of 322 lesions.  J Am Coll Cardiol
1998;31:101A.

101. Serruys PW, Teunissen Y.  Randomized comparison of laser
guidewire and mechanical guidewires for recanalization of
chronic total coronary occlusion: The TOTAL trial, final result
and follow-up at 30 days.  J Am Coll Cardiol 1998;30:81A.

102. Rubartelli P, Niccoli L, Verna E, et al.  Stent implantation
versus balloon angioplasty in chronic coronary occlusions:
Results from the GISSOC trial.  J Am Coll Cardiol
1998;32:90-96.

103. Lotan C, Krakover R, Turgerman Y, et al.   The STOP study -
a randomized multicenter Israeli study for stents in total
occlusion and restenosis prevention.  J Am Coll Cardiol
1999;32:28A.

104. Tamai H, Tsuchigane E, Suzuki T, et al.  Interim results from
MAYO Japan investigation for chronic total occlusion
(MAJIC).  Circulation 1998;98:I-639-I-640.

105. Mori M, Kurogane H, Hayashi T, et al.  Comparison of results
of intracoronary implantation of the Palmaz-Schatz stent with
conventional balloon angioplasty in chronic total coronary
artery occlusion.  Am J Cardiol 1996;78:985-989.

106. Yamasaki K, Nakamura T, Yung-Sheng H, et al.  Three-year
angiographic follow-up of coronary stenting in patients with
chronic total occlusion.  Circulation 1998;98:I-283-I-284.

107. Carere RG, Barbeau G, Dzavik V, et al.  Do superior balloon
angioplasty resutls provided stent-like outcomes in coronary
occlusions.  Circulation 1998;98:I-284.

108. Title LM, Buller Ce, Catellier D, et al.  Efficacy of stenting vs.
balloon angiopaslty in small diameter (< 3 mm) total coronary
occlusions: A total occlusion study of Canada substudy.
Circulation 1998;98:I-639.

109. Rau T, Schofer J, Schulter M, et al.  Stenting of nonacute total
coronary occlusions: Predictors of late angiographic outcome.
J Am Coll Cardiol 1998;31:275-280.

110. Zidar FJ, Kaplan BM, O’Neill WW, Jones DE, et al.
Prospective, randomized trial of prolonged intracoronary
urokinase infusion of chronic total occlusions in native
coronary arteries.  J Am Coll Cardiol 1996;27:1406-1412.

111. Schofer J, Kresser J, Rau T, et al.  Recanalization of chronic
coronary artery occlusions using laser followed by balloon
angioplasty.  Am J Cardiol 1996;78:836-838.

112. Srivatsa SS, Edwards WD, Boos CM, et al.  Histologic
correlates of angiographic chronic total coronary artery
occlusions.  Influence of occlusion duration on neovascular
channel patterns and intimal plaque composition.  J Am Coll
Cardiol 1997;29:955-963.

113. Puma JA, Sketch MH Jr., Tcheng JE, et al.  The natural

history of single-vessel chronic coronary occlusion: A 25-year
experience.  Am Heart J 1997;133:393-399.

114. Danchin N, Angioi M, Cador R, et al.  Effect of late
percutaneous angioplasty recanalization of total coronary
artery occlusion on left ventricular remodeling, ejection
fraction, and regional wall motion.  Am J Cardiol
1996;78:729-735.

115. Pamir G, Oral D, Omurlu K, et al.  Improvement of left
ventricular function and wall motion abnormalities after
recanalization of total occlusion of left anterior descending
coronary artery by percutaneous transluminal coronary
angioplasty.  J Invas Cardiol 1997;9:417-423.

116. Gottschall CAM, Trindade I, Miller V.  Changes in left
ventricular function after coronary recanalization by
percutaneous transluminal coronary angioplasty (PTCA).  J
Invas Cardiol 1997;9:146-153.

117. Rambaldi R, Hamburger JN, Geleijnse ML, Oldermans D, et
al.  Early recovery of wall motion abnormalities after
recanalization of chronic totally occluded coronary arteries: A
dobutamine echocardiogarphic, prospective, single-center
experience.  Am Heart J 1998;136:831-836.

118. Delacretaz E, Meier B.  Therapeutic strategy with total
coronary artery occlusions.  Am J Cardiol 1997;79:185-187.

119. Nobuyoshi M, Shizuta S.  Update on percutaneous
management of chronic total occlusion.  J Interven Cardiol
1998;11(Suppl):S-42-S-45.

120. Sato Y, Nosaka H, Kimura T, et al.  Randomized comparison
of balloon angioplasty versus coronary stent implantation for
total occlusion.  J Am Coll Cardiol 1996;27:152A.

121. Corcos T, Favereau X, Guerin Y, et al.  Recanalization of
chronic coronary occlusions using a new hydrophilic
guidewire.  Cathet Cardiovasc Diagn.  1998;43:83-90.

122. Bahl VK, Chandra S, Goswami KC, et al.  Crosswire™ for
recanalization of total occlusive coronary arteries.  Cathet
Cardiovasc Diagn 1998;45:323-327.

123. Reimers B, Camassa N, Di Mario C, et al.  Mechanical
recanalization of total coronary occlusions wtih the use of a
new guidewire.  Am Heart J 1998;135:726-731.

124. Meier B.  Chronic coronary occlusion—treatment options and
results.  J Invas Cardiol 1997;9:56-60.

125. Jaup T, Allemann Y, Urban P, Dorsaz PA, et al.  The Magnum
wire for percutaneous coronary balloon angiopalsty in 723
patients.  J Invas Cardiol 1995;7:259-264.

126. Allemann Y, Kaufmann UP, Meyer BJ, et al.  Magnum wire
for percutaneous coronary balloon angioplasty in 800 total
chronic occlusions.  Am J Cardiol 1997;80:634-637.

127. Noguchi T, Miyazaki S, Morii I, et al.  Percutaneous
transluminal coronary angioplasty of chronic total occlusions.
Determinants of primary success and long-term clinical
outcome.  Cathet Cardiovasc Intervent 2000;49:258-264.

128. Buller CE, Dzavik V, Carere RG, et al.  Primary stenting
versus balloon angioplasty in occluded coronary arteries.  The
total occlusion study of Canada (TOSCA).  Circulation
1999;100:236-242.

129. Mori M, Kurogane H, Hayashi T, et al.  Comparison of results
of intracoronary implantation of the Palmaz-Schatz stent with
conventional balloon angioplasty in chronic total coronary
arterial occlusion.  Am J Cardiol 1996;78:985-9.



Manual of Interventional Cardiology314

130. Azuma J, Tsuchikane E, Otsuji S, et al.  Efficacy of plaque
debulking prior to stenting for chronic coronary total
occlusion.  Circulation 2000;102:II-388.

131. Hoher M, Wohrle J, Grebe OC, et al.  A randomized trial of
elective stenting after balloon recanalization of chronic total
occlusions.  J Am Coll Cardiol 1999;34:722-9.

132. Sievert H, Rohde S, Utech A, et al.  Stent or angioplasty after
recanalization of chromic coromary occlusions?  The
SARECCO trial.  Am J Cardiol 1999;84:386-390.

133. Gruberg L, Mehran R, Dangas G, et al.  Effect of plaque
debulking and stenting on short- and long-term outcomes after
revascularization of chronic total occlusions.  J Am Coll
Cardiiol 2000;35:151-6.Kahler J, Koster R, Brockhoff C, et al.
Initial experience with a hydrophilic-coated guidewire for
recanalization of chronic coronary occlusions.  Cathet
Cardiovasc Intervent 2000;49:45-50.

134. Lefevre T, Louvard Y, Loubeyre C, et al.  A randomized study
comparing two guidewire strategies for angioplasty of chronic
total coronary occlusion.  Am J Cardiol 2000;85:1144-48.

135. Khanna A, Roubin GS, Iyer SS, et al.  Use of the Shinobi wire
in chronic coronary occlusions.  Cathet Cardiovasc Intervent
1999;48:100-104.

136. Lau KW, Ding ZP, Johan A, et al.  Angiographic restenosis
rate in patients with chronic total occlusions and subtotal
stenoses after initially successful intracoronary stent
placement.  Am J Cardiol 1999;83:963-966.

137. Cannon L, Siegel R, Greenberg J, et al.  Recanalization of
total coronary occlusions using a the Sonicross low frequency
ultrasound catheter.  J Am Coll Cardiol 2000;33:41A.

138. Buller CE, Teo KK, Carere RG, et al. 3-year clinical outcome
from the total occlusion study of Canada (TOSCA) trial.
Circulation 2000;102:II-387.

139. Dzavik V, Carere RG, Catellier DJ, et al.  Clinical outcomes
in relation to long-term patency status: Observations from the
total occlusion study of Canada.  Circulation 2000;102:II-388.

140. Azuma J, Tsuchikane E, Otsuji S, et al.  Efficacy of plaque
debulking prior to stenting for chronic coronary total
occlusions.  Circulation 2000;102:II-388.

141. Braden GA, Kutcher MA, Rankin KM, et al.  Debulking using
rotational atherectomy of chronic total coronary occlusion
leads to high initial success and very low restenosis rates.  J
Am Coll Cardiol 2001;37(2):46A.

142. Olivari Z, Piscione F, Rubartelli P, et al. One-year clinical
outcome after successful percutaneous coronary interventions
on chronic total occlusions: results from a multicenter
prospective study. J Am Coll Cardiol 2002;39 (suppl.A):29A.

143. Whitlow PL, Selmon M, O’Neill W, et al. Treatment of
uncrossable chronic total coronary occlusions with the
Frontrunner: multicenter experience. J Am Coll Cardiol
2002;39 (suppl.A):29A.

144. Morales PA, Heuser RR, Weirick EA, et al. Predicting success
in crossing chronic total occlusions with a new guidewire. J
Am Coll Cardiol 2002;39 (suppl.A):29A.

145. Dzavik V, Yee KM, Anderson T, et al. Outcome of PTCA and
stenting in diabetic and nondiabetic patients: A report from
the total occlusion study of Canada (TOSCA) investigators. J
Am Coll Cardiol 2002;39 (suppl.A):28A.


