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Coronary Artery Disease

Percutaneous Coronary Intervention for Chronic
Total Occlusions: Predictors for Coronary
Perforation and Dissection Evaluated with
64-Multislice Computed Tomography
Ju-Feng Hsiao,1 Eisho Kyo,2 Chi-Ming Chu,3 Takafumi Tsuji,2 Satoshi Watanabe2 and Jen-Te Hsu1

Background: This study aimed to determine the predictors for coronary complications during angioplasty for
chronic total occlusion (CTO) based on results of 64-multislice computed tomography (MSCT).
Methods: In this study, 67 patients with 82 de novo CTO lesions were assessed with 64-MSCT before undergoing
percutaneous coronary interventions (PCIs). All CTO lesions were individually analyzed according to the occurrence
of complication. Complication during intervention was defined as a coronary perforation or long dissection (length
> 10 mm).
Results: The technical and procedural success rates for PCI in CTO were 89.0% and 80.5%, respectively. The
average age in the complication group was slightly older than in the noncomplication group (69.8 ± 8.2 vs. 63.6 ±
11.9, p = 0.053). In addition, there were more female patients and fewer smoking patients in the complication group
than in the noncomplication group (p = 0.002 and p = 0.007, respectively). There were significant differences in
heavy calcification with a calcification length ratio > 0.5, proximal stump calcification, distal stump calcification,
and the number of calcification plaques between the complication and noncomplication group (p = 0.003, p = 0.009,
p = 0.002, and p < 0.001, respectively). Furthermore, there was a trend toward more ostial lesions in the complication
group than in the noncomplication group (p = 0.052). The technical and procedural success rates were significantly
different in the complication group versus the noncomplication group (62.5% vs. 95.5%; 25.0% vs. 93.9%,
respectively; p < 0.001 for both). Multivariate analysis showed that heavy calcification was the only independent
parameter (odds ratio [OR] = 6.332, 95% confidence interval [CI] = 1.436-27.916, p = 0.015).
Conclusion: A calcification length ratio > 0.5 was independently predictive of mechanical complication during PCI
for CTO.
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Multislice computed tomography (MSCT) is currently being utilized as a noninvasive diagnostic modality for coronary artery disease.1 Chronic total occlusions
(CTOs) account for 6% to 10% of percutaneous coronary interventions (PCIs).2 PCIs for CTOs remain technically challenging, and despite equipment improvement,
technique advancement, and enhancement in operator
expertise, the published success rates are only 60-80%.3,4
201

Acta Cardiol Sin 2009;25:201-12

Ju-Feng Hsiao et al.

130 Hounsfield units (HU) in the epicardial course of
the occluded vessel. For every CTO lesion, the calcification length ratio was calculated as the calcification
length/CTO length. In addition, the number of calcification plaques was also recorded for each patient.

Furthermore, the incidence of coronary perforation in
the general interventional population has been reported
to range from 0.1% to 0.4%.5-8 It has been observed that
heavy calcification on fluoroscopic coronary angiography
(FCA) often leads to PCI failure.9 This study aimed to
determine the predictors for coronary complications during angioplasty for chronic total occlusion (CTO), including the association of heavy calcification as revealed
on 64-multislice computed tomography (MSCT).

FCA and PCI technique
First, a diagnostic angiogram was obtained that
showed a well-formed ipsilateral or contralateral collateral
vascular supply clearly delineating the vessel course distal to the occlusion. Collateral filling of the recipient artery
was assessed according to the Rentrop classification.10
Most patients underwent bilateral femoral catheterization with 8-Fr guide catheters for orthogonal projection and contralateral injection, demonstrating a clear
target vessel course. When the distal-occluded vessel
was visible from the ipsilateral collateral supply, one
side of the femoral artery catheterized with a single 8-Fr
guide catheter was used for PCI. The CTO lesions were
then treated with either an antegrade approach or a combined bilateral antegrade and retrograde approach.
If one or more noncorkscrew, interventricular septal,
or epicardial branches provided collateral supply to the
target lesion, we first attempted to treat the lesion with
the retrograde approach; the antegrade approach was
adopted later if necessary.
In the retrograde approach via the septal or epicardial collaterals, the collaterals were accessed via the
patent contralateral coronary artery and penetrated with
a floppy, hydrophilic wire with a transit catheter (Terumo Inc., Japan). A superselective contrast injection
was conventionally administered via the transit catheter
to visualize the appropriate size and course of the selected collateral to avoid overlap with other collaterals.
After successful passage of the selected collateral
with the wire, the transit catheter was replaced with an
over-the-wire (OTW) balloon. Sequential low-pressure
dilatation of the collateral was performed with a 1.25- or
1.5-mm OTW balloon in order to allow the passage of a
balloon catheter to the distal CTO site and enable further
manipulation. Penetration of the distal CTO cap with a
soft wire was then attempted via the retrograde approach.
If this attempt was unsuccessful, an intermediate or stiff
wire was used to penetrate the distal CTO cap. Wire penetration was supported by the OTW balloon catheter or a
balloon-anchoring technique (balloon inflation). After

MATERIALS AND METHODS
Procedural protocol
Between March 2006 and December 2007, 96 patients with CTO lesions in the coronary arteries were admitted to the Kusatsu Heart Center, Japan. In this study,
we retrospectively assessed 67 patients with 82 de novo
CTO lesions who were subjected to 64-MSCT before undergoing PCIs. If the patient underwent PCI with stent
implantation at the target lesion before being subjected to
64-MSCT, the calcification plaque and implanted stent
strut would overlap, interfering with the CT analysis. The
remaining 29 patients were excluded from the study either
because they developed an in-stent restenosis lesion or
because they did not undergo 64-MSCT. Occlusion duration was estimated from previous angiographic data, the
date of myocardial infarction (MI) in the distribution region of the occluded vessel, or the date of worsening angina. The PCIs were all performed by a single experienced and skilled operator (the late Dr. Hideo Tamai),
and all patients provided their written informed consent.
CT coronary angiography
MSCT was performed before PCIs. Patients who
had a heart rate of > 70 beats/min before MSCT received
an oral 40-mg dose of metoprolol 1 h before being subjected to CT coronary angiography. After the scanning,
the images were reconstructed with retrospective electrocardiographic gating during the mid- to end-diastolic
phase to obtain nearly motion-free image quality.
The CTO length was measured from the proximal to
the distal margins of the occluded vessel segment. CT
calcification length was defined as the total length of all
the calcification plaques on a longitudinal image. Calcifications were defined as areas with a CT density of ³
Acta Cardiol Sin 2009;25:201-12
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penetration of the distal CTO cap by an intermediate or
stiff wire, the wire was advanced to the farthest possible
extent and a distal channel was created by small-balloon
dilatation. Using the retrograde wire as the guide, we attempted antegrade recanalization. An attempt was made
to pass the antegrade guide wire through the proximal
CTO cap, the middle portion of the CTO, and the created
distal channel to the distal true lumen. During canalization of the proximal or distal CTO cap, the OTW balloon
was sometimes inflated at low pressure to increase support for wire penetration through the hard plaque. A parallel wire technique would sometimes be used for redirecting a second wire into the true lumen in the event that
the first wire had penetrated into a false lumen.
A “step-up stiffness” strategy was adopted for selecting the wires to be used for penetration to the proximal or distal CTO cap wherein wires with progressive
stiffness were used. The approach involved the use of
different wires in the following sequence: Fielder wire,
intermediate wire, Miracle 6g wire, Miracle 12g wire,
and Conquest Pro 12g wire (Asahi Inc., Japan). Conquest Pro 12g wire was particularly reserved for penetration into hard plaques.
If the initial bilateral angiogram showed the collaterals to be tortuous or noncontinuous, the antegrade approach was directly adopted for PCI. In this situation,
penetration to the proximal CTO cap required wires with
progressive stiffness, and the same step-up stiffness strategy as mentioned above was adopted to select the wires.

CTO duration was estimated from previous angiographic
data, clinical information (date of acute MI or sudden
change in angina pattern), or electrocardiographic change
with regard to the location of the occlusion.
Technical success was defined as restoration of the
antegrade flow (TIMI grade 2 or grade 3 flow) and a final residual stenosis of < 30% as assessed by quantitative coronary angiography. In addition, it was confirmed
by either coronary angiography or intravascular ultrasound (IVUS) examination that the wire has penetrated
the true distal lumen. In-hospital major adverse cardiac
and cerebrovascular events (MACCE) were defined as
the occurrence of death, non-ST-elevation or ST-elevation MI, the need for target vessel revascularization
(TVR), or cerebrovascular accident (CVA). Non-ST-elevation MI (NSTEMI) was defined as a 3-fold increase in
the normal total creatine kinase (CK) level without any
new abnormal ST-elevation or Q waves. Procedural success was defined as technical success without in-hospital
MACCE. Angiographic restenosis was defined as > 50%
stenosis revealed by quantitative coronary angiography
at follow-up. Heavy calcification was defined as a calcification length ratio of > 0.5 (Figure 1).

Concomitant medications
At the start of the procedure, heparin was intravenously administered at a dose of 70 IU/kg to achieve an
activated clotting time (ACT) of 250-350 s. Antiplatelet
therapy with 100-mg aspirin and 200-mg once a day
ticlopidine was initiated 3 d prior to the start of the procedure. Aspirin was continued indefinitely and ticlopidine
was continued for a minimum period of 1 y. The maximum dosage of ticlopidine used in our study was that authorized by the Japanese medical insurance system.

A

B

C

D

Figure 1. Case 1: (A) Fluoroscopic coronary angiography of occluded
middle-to-distal right coronary artery with a tapered proximal stump
(white arrow). (B) Maximum-intensity projection of the same multislice
computed tomography image shows heavy calcification with a calcification length ratio of > 0.5, proximal calcified stump, and distal calcified
stump (white arrows). Case 2: (C) Fluoroscopic coronary angiography
of an occluded proximal-to-middle right coronary artery with a taper
proximal stump (white arrow). (D) Maximum-intensity projection of the
same multislice computed tomography image shows no calcification
with a calcification length ratio of < 0.5, no proximal noncalcified
stump, nor a distal noncalcified stump (white arrows).

Definitions
CTO is defined as either complete disruption of vascular flow or minimal antegrade flow (thrombolysis in
myocardial infarction [TIMI] grade 0 or grade 1 flow),
with an estimated occlusion duration of > 3 months.
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Complication during intervention was defined as a coronary perforation or long dissection (length > 10 mm).
Coronary artery perforation was classified into 4 types:5
type-I, extraluminal crater without extravasation; typeII, pericardial or myocardial blush without contrast jet
extravasation; type-III, extravasation through frank (> 1
mm) perforation; and type-CS (cavity spilling), perforation
into an anatomy cavity chamber such as coronary sinus.
Dissections were graded as types A through F: 11
type-A, minor radiolucency within the coronary lumen
with minimal or no persistence after dye clearance; typeB, parallel track or double lumen separated by a radiolucent area during contrast injection with minimal or no
persistence after dye clearance; type-C, extraluminal cap
with persistence of contrast after dye clearance; type-D,
spiral shape filling defects; type-E, new persistent intraluminal filling defects; and type-F, dissection leading to
total occlusion without distal antegrade flow.

characteristics of the patients divided into complication
versus noncomplication groups. The study comprised 67
patients with 82 de novo CTO lesions. Fifteen patients
had 2 CTO lesions each. Statistical analyses revealed a
significant difference in sex and smoking between the
complication and noncomplication groups. The patients
with complications tended to be older than the patients
without complication (69.8 ± 8.2 vs. 63.6 ± 11.9, p =
0.053). There were more female patients in the complication group than in the noncomplication group (37.5%
vs. 7.6%, p = 0.002). The smoking rate was less in the
complication group than in the noncomplication group
(6.3% vs. 42.4%, p = 0.007).
Table 2 lists the baseline angiographic characteristics of the 82 CTO lesions grouped by complication versus noncomplication. Most patients in both groups had
multivessel disease and diffuse long lesions. The complication group had more lesions located at the ostium
than did the noncomplication group (p = 0.052). There
was a significant difference between the complication
and noncomplication groups in heavy calcification (i.e.,
a calcification length ratio of > 0.5), proximal stump calcification, distal stump calcification, and number of calcification plaques (p = 0.003, p = 0.009, p = 0.002, and
p < 0.001, respectively).
Table 3 lists the intervention characteristics divided
into complication versus noncomplication groups. Between the two groups, there were no differences in the use
of the bilateral approach strategy, stiff wire, wire penetration supported by balloon anchoring, contralateral injection, or Amplatz guiding catheters; nor was there a difference in the Asahi Tornus usage rate (Asahi Inc., Japan) or
the use of IVUS for identifying the CTO ostium. The radiation exposure time was significantly higher in the complication group than in the noncomplication group (p =
0.018). However, the difference in radiation exposure
dose was not significant between the complication group
and noncomplication groups (p = 0.136).
Table 4 shows the technical result, procedure result,
in-hospital MACCE rate, coronary artery dissection outcome, acute renal failure occurrence, and 6-month follow-up result grouped by complication versus noncomplication group. The technical success rate was lower in
the complication group than in the noncomplication
group (62.5% vs. 95.5%, p < 0.001). The procedure success rate was also lower in the complication group than

Statistical analyses
Continuous data are presented as means ± standard deviations (SDs); differences were compared by Student’s t
test. Discrete variables are expressed as counts and percentages; differences were assessed by a chi-square test.
Multivariate logistic regression analyses were performed to
identify clinical, angiographic, and 64-MSCT parameters
associated with intervention complications (all predictors
with a univariate p value of £ 0.1 were tested for their
multivariate predictive value, and the final models were
constructed by backward stepwise selection). In addition,
Spearman’s rank correlation coefficient was calculated to
determinate the association between heavy calcification
and other variables to be included in the multivariate analysis. The significantly related parameters were then gradually excluded to unmask the effect of calcification length
ratio on PCI result. Odds ratios (ORs) with 95% confidence intervals (CIs) are presented for independent variables. All statistical tests were two tailed. A p value of
< 0.05 was considered statistically significant. All the analyses were performed using the SPSS version 13 statistical software (SPSS, Inc., Chicago, Illinois, USA).

RESULTS
Table 1 lists the baseline clinical and demographic
Acta Cardiol Sin 2009;25:201-12
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Table 1. Baseline clinical and demographic characteristics of 82 study subjects†, grouped by occurrence of complication
Age (y)
Males
Smoking
BMI
Obesity (BMI ³ 27)
Diabetes
Hypertension
Hyperlipidemia
Previous MI
PCI history
CABG surgery history
PAOD
Previous CVA
Creatinine level (mg/dL)
Renal insufficiency*
LVEF (%)
Impaired LVP rate (EF, < 50%)

Complication (n = 16)

Noncomplication (n = 66)

p**

69.8 ± 8.2
10 (62.5%)
1 (6.3%)
25.8 ± 3.4
05 (31.3%)
08 (50.0%)
09 (56.3%)
13 (81.3%)
03 (18.8%)
11 (68.8%)
02 (12.5%)
06 (37.5%)
1 (6.3%)
0.8 ± 1.9
1 (6.3%)
59.8 ± 12.4
04 (25.0%)

63.6 ± 11.9
61 (92.4%)
28 (42.4%)
25.6 ± 4.70
22 (33.3%)
31 (47.0%)
43 (65.2%)
44 (66.7%)
11 (16.7%)
42 (63.6%)
1 (1.5%)
27 (40.9%)
5 (7.6%)
1.0 ± 0.7
11 (16.7%)
57.7 ± 12.9
17 (25.8%)

0.053
0.002
0.007
0.899
0.874
0.828
0.507
0.256
0.843
0.701
f
0.096 f
0.803
f
1.000 f
0.465
0.290
0.560
0.950

†

Fifteen patients with 2 CTO lesions, who accepted separate PCI for different lesions, were double-counted in the different groups.
BMI: body mass index; MI: myocardial infarction; PCI: percutaneous coronary intervention; CABG: coronary artery bypass graft;
PAOD: peripheral artery occlusive disease; CVA: cerebrovascular accident; LVEF: left ventricular ejection fraction; LVP: left
ventricular performance; EF: ejection fraction; CTO: chronic total occlusion.
*Renal insufficiency (Creatinine level, > 1.09 mg/dL [upper limit at the Kusatsu Heart Center]).
**p < 0.05 was considered statistically significant. f: Fisher’s exact test.

Table 2. Baseline angiographic characteristics of lesions, grouped by occurrence of complication
Diseased vessel number
One
Two
Three
Target lesion
LAD
LCX
RCA
Lesion location
Ostial
Proximal
Intermediate
Distal
Lesion length (mm)
< 20
³ 20, < 40
³ 40
Pre-PCI reference diameter (mm)
< 2.5
³ 2.5
Bifurcation branch at proximal stump
Proximal tapered stump
Distal tapered stump
Bridging collateral formation
Collateral grade (Rentrop’s criteria)
Grade 1
Grade 2
Grade 3
Calcification length ratio of > 0.5
Proximal calcified stump
Distal calcified stump
Calcification plaque No.

Complication (n = 16)

Noncomplication (n = 66)

p*

0
5 (31.3%)
11 (68.8%)0

09 (13.6%)
20 (30.3%)
37 (56.1%)

0.281

3 (18.8%)
6 (37.5%)
7 (43.8%)

19 (28.8%)
16 (24.2%)
31 (47.0%)

0.508

7 (43.8%)
3 (18.3%)
5 (31.3%)
1 (6.3%)0
43.4 ± 18.9
0
8 (50.0%)
8 (50.0%)
2.6 ± 0.7
8 (50.0%)
8 (50.0%)
15 (93.8%)0
8 (50.0%)
15 (93.8%)0
5 (31.3%)

09 (13.6%)
16 (24.2%)
30 (45.5%)
11 (16.7%)
39.5 ± 20.1
10 (15.2%)
27 (40.9%)
29 (43.9%)
2.7 ± 0.6
26 (39.4%)
40 (60.6%)
58 (87.9%)
36 (54.5%)
58 (87.9%)
19 (28.8%)

1 (6.3%)0
3 (18.8%)
12 (75.0%)0
7 (43.8%)
15 (93.8%)0
14 (87.5%)0
2.9 ± 1.5

3 (4.5%)
11 (16.7%)
52 (78.8%)
08 (12.1%)
39 (59.1%)
30 (45.5%)
1.3 ± 1.2

0.052
0.478
0.249
0.589
0.440
0.500
0.744
0.500
0.846
0.936
0.003
0.009
0.002
< 0.001 <

LAD: left anterior descending; LCX: left circumflex; RCA: right coronary artery. *p < 0.05 was considered statistically significant.
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Table 3. Intervention characteristics, including the specific approach adopted, materials used, and duration, grouped by occurrence of
complication

Bilateral approach
Stiff wire (stiffer than Miracle 6 g)
Miracle wire (6 or 12 g)
Conquest Pro 12 g
Parallel wire technique
Balloon anchoring
Contralateral injection
Amplatz guiding catheter
Tornus usage rate
IVUS for locating CTO ostium
Radiation exposure time (min)
Radiation exposure dose (mGy)

Complication (n = 16)

Noncomplication (n = 66)

p*

08 (50.0%)
10 (62.5%)
10 (62.0%)
1 (6.3%)
08 (50.0%)
02 (12.5%)
16 (100%).
14 (87.5%)
1 (6.3%)
02 (12.5%)
96.9 ± 45.8
5336.6 ± 2831.2

24 (36.4%)
43 (65.2%)
40 (60.6%)
5 (7.6%)
28 (42.4%)
16 (24.2%)
56 (84.8%)
46 (69.7%)
3 (4.5%)
11 (16.7%)
68.7 ± 39.6
4187.7 ± 2608.1

0.316
0.842
0.889
f
1.000 f
0.584
0.309
0.097
0.149
f
1.000 f
0.682
0.018
0.136

IVUS: intravascular ultrasound; CTO: chronic total occlusion.
*p < 0.05 was considered statistically significant. f: Fisher’s exact test.

Table 4. Technical result, procedure result, in-hospital MACCE rate, and 6-month follow-up results, grouped by occurrence of
complication
Complication (n = 16)

Noncomplication (n = 66)

p*

10 (62.5%)
04 (25.0%)

63 (95.5%)
62 (93.9%)

< 0.001 f
< 0.001 f

0
0
06 (37.5%)
0
0
12 (75.0%)
05 (31.3%)
0
016 (100.0%)

0
0
1 (1.5%)
0
0
0
0
1 (1.5%)
62 (93.9%)

NS
NS
< 0.001 f
NS
NS
< 0.001 f
< 0.001 f
< 1.000 f
<0.313

0
0
0
0
0
0
0

0
0
0
5 (7.6%)
0
0
0

NS
NS
NS
< 0.577 f
NS
NS
NS

Technical success
Procedure success
In-hospital MACCE
Death
STEMI
NSTEMI
TVR
CVA
Wire perforation
Coronary dissection of > 10 mm with TIMI grade 2 flow
Acute renal failure with elevated creatinine level (> 1.0 mg/dL)
6-month clinical follow-up rate
MACCE
Death
STEMI
NSTEMI
TVR
CVA
Long-term hemodialysis after PCI
Radiation dermatitis

MACCE: major adverse cardiac and cerebrovascular events; STEMI: ST-elevation myocardial infarction; NSTEMI: non-STelevation myocardial infarction; TVR: target vessel revascularization; CVA: cerebrovascular accident; PCI: percutaneous coronary
intervention; NS: not significant.
*p < 0.05 was considered statistically significant. f: Fisher’s exact test.
Acta Cardiol Sin 2009;25:201-12
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proximal calcified stump, distal calcified stump, and calcification plaque number to determine the effect of
heavy calcification on PCI result.
The final models were constructed by backward
stepwise selection. Heavy calcification (OR = 6.332,
95% CI = 1.436-27.916, p < 0.015) was the only independent parameter that increased the incidence of complication.
When the study group was alternatively analyzed according to either technical result or procedure result,
multivariate analysis also showed that heavy calcification was the strongest independent parameter that influenced not only technical success (OR = 0.040, 95% CI =
0.006-0.254, p = 0.001) but also procedural success (OR
= 0.127, 95% CI = 0.035-0.461, p = 0.002).
Table 6 describes the detailed characteristics of the
16 patients in the complication group with respect to
clinical background, characteristics of mechanical complication, wires used during the complication, treatment
methods, and outcomes. Among the 62 patients with 82
de novo lesions who accepted 64-MSCT examination,
mechanical complications occurred in 16 lesions (19.5%),
including coronary perforation in 12 lesions (14.6%) and
coronary dissection in 5 lesions (6.1%). There was one
case with both coronary perforation and dissection (Case
8). Notably, all 16 cases recovered without surgical intervention at clinical follow-up (Figures 2, 3).

in the noncomplication group (25.0% vs. 93.9%, p <
0.001). The major reason for technical failure was the
unsuccessful penetration of the wire through the occluded vessel segment. There were significant differences in the in-hospital MACCE rate (NSTEMI: 37.5%
vs. 1.5%, p < 0.001).
In the complication group, the 10 technical-success
lesions included 3 cases with long dissection and 7 cases
with coronary extravasation during intervention. The
complication of coronary perforation could be successfully managed by prolonging balloon inflation, lowering
the ACT, or even by administering a minimal blood clot
injection via the transit catheter. After successfully stopping the extravasations, the wire entered the true lumen
and 7 CTO lesions could be opened thereafter. However,
6 patients showed a greater than 3-fold increase in the
normal total CK levels; they were grouped in the procedural-failure group. The 1 patient in the noncomplication
group with NSTEMI had slow flow in the posterior left
ventricular branch after the successful opening of a proximal right coronary artery lesion. The slow flow was
suspected to be due to distal embolization by an atherosclerotic plaque. There was 1 patient with a transient elevated creatinine level who did not need long-term hemodialysis. The 6-month clinical follow-up rate was 95.1%
(100% in the complication group and 93.9% in the
noncomplication group). There were no significant differences in the 6-month MACCE rate (p = 0.577), longterm hemodialysis rate, and incidence of radiation dermatitis.
Table 5 shows the final results of multivariate analysis with backward stepwise selection for PCI results. The
univariate predictors with p values of £ 0.1, including
age, sex, smoking, coronary artery bypass graft surgery
history, lesion location, and a calcification length ratio of
> 0.5, were tested for complication. Heavy calcification
(calcification length ratio > 0.5) was significantly correlated with proximal calcified stump, distal calcified
stump, and the number of calcification plaques. Therefore, the calcification length ratio was used instead of

DISCUSSION
The impact of heavy calcification
Bypass surgery is commonly indicated for CTOs because of the relatively high failure rates of PCIs. MSCT
provides an accurate assessment of the length and composition of the occluded vessel segment, which are important predictors of procedural success.12
Extent of calcification may predict the possibility of
penetration of the total occlusion with a guidewire; nevertheless, a large extent may cause the guidewire to deflect

Table 5. Results of multivariate analysis with backward stepwise selection for coronary complication
PCI result
Complication

Variables

OR

95% CI

p*

Calcification length ratio of > 0.5

6.332

1.436-27.916

0.015

PCI: percutaneous coronary intervention; OR: odds ratio; CI: confidence interval.
*p < 0.05 was considered statistically significant.
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Figure 3. (A) Fluoroscopic coronary angiography shows an occluded
proximal-to-distal right coronary artery by contralateral injection (between the two black arrows). (B) Maximum-intensity projection of the
same multislice computed tomography image shows three calcification
plaques with proximal calcified stump and distal calcified stump (white
arrows). (C) Bilateral approach with Conquest Pro 12g wire in the
antegrade direction and Miracle 12g wire in the retrograde direction.
(D) The arrow indicates the small extravasation made by the antegrade
stiff wire. (E) The arrowhead indicates the small balloon inflation from
ostium to conus branch for stopping extravasation. Additionally, the
double arrows show a class II extravasation induced by the retrograde
stiff guidewire. (F) After autologous blood clot injection via transit catheter, the previous coronary perforation was successfully treated without
further contrast leakage (double arrows).

Figure 2. (A) Right anterior oblique caudal projection of incorrect
guidewire tip position during crossing of the CTO lesion at the middle
left circumflex (LCX) artery (black arrow) (B) The arrow indicated initial extravasation after withdrawing the stiff wire (Asahi Miracle, 6g).
(C) The extravasation decreased (arrow) after plain balloon inflation at
the middle LCX to the OM1, but did not totally disappear. (D) The
extravasation could be completely stopped by advancing a wire into the
distal true lumen of the LCX artery and inflating the balloon at the
extravasation point. (E) After stent deployment, the arrow shows residual trivial stasis contrast at the initial extravasation area. (F)
Transthoracic echocardiography showed a delayed-appearing left arterial hematoma (arrow: 28 mm ´ 42 mm) after leaving the catheterization room.

lesions with an average lesion length of around 40 mm.
The result showed that a calcification length ratio of > 0.5,
as demonstrated by MSCT, was an independent and strong
predictor of not only a failed outcome, but also coronary
complications in PCI for CTO.

behind the plaque into the subintimal space during the
penetration attempt.13,14
A previous study reported that the circumferential
calcification ratio influences the outcome of CTO treatment.15 Because the angle of circumferential calcification differed at various points of the occluded vessel segment, it was actually difficult to measure the calcification volume by CT in that study. Our study is the first to
use calcification length ratio for evaluating the effect of
heavy calcification on PCI complications. An old CTO
lesion usually has multiple or diffused long calcification
plaques, which occupy the space from the vessel wall to
the central lumen (e.g., Figures 1B and 3B). In the present
study, most lesions (72 lesions, 87.8%) were diffuse long

Advantage of combined use of CT coronary
angiography and conventional FCA
Because of the uneven distribution of calcification
plaques, the course of the occluded vessel was not visible by contralateral injection. MSCT facilitates decision
making by providing data that cannot be obtained by
coronary angiography.16 First, MSCT enables three-dimensional visualization of the anatomical course of the
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lation. It has been reported that severe calcifications are
associated with more complications, a low success rate,
inadequate stent expansion, and high restenosis rate.15 If
all 96 cases with CTO lesions who were admitted to the
Kusatsu Heart Center between March 2006 and December 2007 were included in the analysis without initial exclusion, the incidence of coronary complications was
still high: coronary perforation occurred in 13 lesions
(10.9%), and coronary artery dissection occurred in 8 lesions (6.7%).20
Most wire-related perforations were type I or II, and
almost all were caused by hydrophilic wires or stiff
wires. The most important reasons for this were the
heavy calcification and the use of stiff wire or hydrophilic wire during procedures for hard lesions. There is
no consensus about the optimal treatment of patients
with coronary perforation; commonly used treatment options include reversal of heparin with protamine sulfate,
prolonged balloon inflation, placement of a cover stent,
distal embolization using clotted autologous blood, pericardiocentesis, or urgent or emergent cardiac surgery.21,22
The characteristics of this study were such that all complications could be treated by conservative treatment
without surgical intervention. To restore perforations
made by wire, intravenous administration of protamine
sulfate, a heparin antagonist, is effective in conjunction
with prolonged inflation of the perfusion or plain balloon. We used protamine sulfate to reverse half the dose
of heparin administered before intervention (10 mg
protamine sulfate vs. 1000 U heparin sodium). The reason for reversing half of the heparin was that the continuing procedure for managing the complication required
about 1-1.5 h. Residual heparin could also prevent thrombus formation in both the catheter system and coronary artery until the end of the procedure. We continued
administering antiplatelet agents to all patients after
coronary perforation in the ward. In contrast to discontinuing or antagonizing the anticoagulant, discontinuation of the administration of antiplatelet agents does not
rapidly affect hemostasis since these agents irreversibly
disturb platelet function. Thus, once the bleeding is successfully stopped, the advantage of discontinuing the use
of antiplatelet agents is considered to be minimal, although the risk of thrombosis is increased.
In this study, heavy calcification increased the risk
of coronary complications during PCI. This suggests that

coronary arteries as well as that of the calcification
plaque morphology, which may highlight the exact field
of interest and improve the clinical success rate of PCI
for CTO. For example, if MSCT shows the calcification
length ratio to be > 0.5 (indicating a difficult interventional condition), a combined bilateral antegrade and
retrograde approach should be considered first, provided adequate collateral supply is shown by conventional FCA. However, MSCT cannot show collateral circulation as clearly as traditional FCA;17 the characteristics of microcollaterals are clearly demonstrated by contralateral injection. Combined use of the two types of
imaging techniques can increase the chances for success
of PCI.18 However, the relatively high radiation exposure during MSCT coronary angiography remains a matter of concern.19
Second, MSCT provides useful information for predicting the procedural outcome and the risk of extravasations in CTO lesions with heavy calcification. This
risk evaluation enables the operator to make necessary
pre-PCI preparations for handling complications.
Third, MSCT can show significantly stenotic areas,
including the ostial left main artery, ostial left anterior
descending artery, or ostial right coronary artery; thus,
possible adverse results can be prevented through appropriate device selection before approaching the target
CTO lesion.

Technique of intervention for CTO and
complication management
Intervention results for a total of 96 consecutive patients with CTO lesions were previously reported from
the same hospital.20 Data analysis showed that the bilateral approach could significantly increase the success rate of intervention, especially for long and hard lesions. For an old CTO lesion, a high rate of stiff wire usage and other techniques, such as a parallel wire technique, Amplatz guiding catheter support, and balloon anchoring technique, are required. Considering the interactive effects of the implanted stent strut and calcification
plaque on CT results, this study only included a subgroup of patients (with de novo lesions) to ascertain the
independent parameters affecting PCI results and complications.
The incidence of perforation was much higher in
this study than in previous reports for the general popuActa Cardiol Sin 2009;25:201-12
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if MSCT shows heavy calcification, one should be careful of perforation during the intervention. For example,
blood clots should be prepared before heparinization,
which is the best time for withdrawing blood and maintaining it in the syringe tube. If extravasations occurred,
the blood clot would be immediately available to stop
the bleeding. In addition, other materials have been reported for distal embolism, including gelfoam,23 microcoils,24 or autologous subcutaneous tissue.25

for evaluating the effect of heavy calcification on PCI
complications. There is a significant incidence of coronary complication during CTO intervention. A calcification length ratio of > 0.5 is independently predictive of
coronary perforation and dissection. Preintervention assessment by a combination of MSCT and FCA may
guide the PCI procedure, predict interventional outcome,
and provide adequate data for preparation of possible
complication management.

Limitations
There are several limitations of our study. First, this
is a retrospective study. The results of the study may
have been strongly influenced by selection criteria, operator’s experience, and technique applied. Moreover, a
high success rate was observed in this study. It is believed that an important but uncalculated parameter is
the operator’s experience and skill. Therefore, the results
may differ under different conditions.
Second, the small sample size of the total number
of lesions and of PCI failures precluded the inclusion of
all variables in the multivariate analysis. The analyzed
result would not be accurate if the number of analyzed
parameters exceeded that of the lesions (for example, n
= 16 lesions in the complication group) during multivariate analysis. With a high variable to sample number
ratio, it would be possible to find fortuitous correlations between variables and the sample grouping,
which, if incorrectly handled, could lead to an unduly
optimistic assessment of predictive ability. The clinical
and angiographic parameters with univariate p values £
0.1 were selected for further multivariate analysis, and
backward stepwise selection was required to determine
the predictive power of the variables in this study.
Third, the patients usually visited the clinic for a coexisting stenosis of the vessel that supplied collaterals to
the vessel with CTO. However, they could not remember
the exact time of the first attack in the past years. Because it can be difficult to ascertain the actual CTO duration by clinical assessment, the duration was not presented in this study.
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