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A clinical analysis of percutaneous coronary intervention in 65 patients with coronary chronic total occlusions
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Abstract：Objective: To analyze influencing factors of percutaneous coronary intervention (PCI) on therapeutic effect in patients with coronary chronic total occlusions (CTO). Methods: Clinical data, lesion features and PCI therapeutic results of 65 patients with 72 CTO lesions, who received PCI in our hospital from Jan 2010 to Dec 2012, were retrospectively analyzed. Results: PCI success rate of CTO lesion was 91.67% (66/72); compared with patients with CTO occlusion 3~12 months, there was significant decrease in PCI success rate (97.78% vs. 81.48%) in those with CTO occlusion >12 months; compared with patients with occlusion length ≤15mm, there was significant decrease in PCI success rate (97.96% vs. 78.26%) in those with occlusion length >15mm; compared with patients with mouse tail-like broken ends, there was significant decrease in PCI success rate (96.55% vs. 71.43%) in those with knife cut-like broken ends, P<0.05 all; PCI failed in six lesions, in which four because guidewire failed to pass through lesions and two because balloon failed to pass through lesions; incidence rate of complications was 7.69% during PCI, there were no major adverse cardiovascular events during admission in all patients; symptoms relieving rate of angina pectoris was 90.16% after PCI. Conclusion: Success rate of percutaneous coronary intervention is related to lesion features, CTO occlusion duration etc.
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摘要：目的：分析冠状动脉慢性完全闭塞（CTO）病变患者经皮冠状动脉介入治疗（PCI）疗效的影响因素。方法：回顾分析我院2010年1月至2012年12月期间65例患者72处CTO病变介入治疗的临床资料、病变特征和PCI的疗效。结果：CTO病变PCI成功率为91.67%（66/72）；CTO病变闭塞时间＞12个月者PCI成功率显著低于3~12个月者（81.48%比97.78%），闭塞长度＞15mm的CTO病变PCI成功率显著低于闭塞长度≤15mm者（78.26%比97.96%）；断端呈刀切状的CTO病变PCI成功率显著低于鼠尾状者（71.43%比 96.55%），P均<0.05；PCI失败有6处，其中4处因导丝未能通过病变，2处因球囊未能通过病变；介入术中并发症发生率为7.69%，住院期间均无主要不良心血管事件；术后心绞痛症状缓解率为90.16%。结论：冠状动脉慢性完全闭塞病变经皮冠状动脉介入治疗成功率与病变特征、CTO病变闭塞时间等因素有关。
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Coronary chronic total occlusion (CTO) lesion usually means lesions with coronary occlusion time > three months, which occupies 1/3 among all coronary angiography. Occlusion was defined as：complete occlusion with TIMI antegrade blood flow grade 0 and functional occlusion with TIMI flow grade 1, though the latter has antegrade filling of microcontent contrast agent, actually microcontent perfusion blood of occluded lumen can’t satisfy blood-supplying demand. Because CTO lesion is complicated, there’s lack of specific apparatus, intervention is difficult and success rate of percutaneous coronary intervention (PCI) is much lower than other lesions, so CTO lesion is called “the last fortress” in interventional therapy field. The present study retrospectively analyzed clinical data, lesion features and PCI therapeutic effects of 65 cases with 72 CTO lesions, who received PCI using antegrade technique in our hospital from Jan 2010 to Dec 2012, in order to summarize and improve success rate, therapeutic effects and intervention techniques for CTO lesions. 

1  Data and methods

1.1 General data

From Jan 2010 to Dec 2012, a total of 65 patients with coronary CTO received antegrade PCI in our hospital, there were 50 males (76.92%) and 15 females (23.08%) with age 42~80(65±4) years old. Clinical manifestations were 48 cases (73.85%) with unstable angina pectoris (UAP), 13 cases (20.00%) with stable angina pectoris (SAP), and four cases (6.15%) with silent myocardial ischemia. There were 50 cases (76.92%) with hypertension, 12 cases (18.46%) with abnormal lipid metabolism, 20 cases (30.77%) with diabetes mellitus and 32 cases of smokers (49.23%). 

1.2 Imaging data 
Coronary angiography (CAG) showed that there were three cases (4.62%) with single vessel coronary disease, 27 cases (41.54%) with double-vessel coronary disease and 35 cases (53.85%) with triple- vessel coronary disease。There were 72 CTO lesions, in which there were 26 CTO lesions ( 36.11%) in left anterior descending artery (LAD), 13 lesions (18.06%) in left circumflex artery (LCX) , 33 lesions ( 45.83%) in right coronary artery (RCA); and there were seven cases with double-vessel CTO (all were LAD complicated LCX lesion).There were eight lesions (11.11%) with TIMI flow grade 1 and 64 lesions (88.89%) with TIMI grade 0. There were 53 lesions (73.61%) with collateral circulation and 19 lesions (26.39%) without collateral circulation. For occlusion broken ends form, there were 58 lesions with mouse tail-like form (80.56%) and 14 with knife cut-like form (19.44%). Vascular occlusion period was estimated as below: for patients with myocardial infarction (MI) history, vascular occlusion period was the time when infarction occurred, for those without MI history, the period was calculated according to the time when angina pectoris suddenly aggravated, in which 45 lesions （62.5%）were with occlusion time in 3-12 months and 27 lesions (37.5%) were with occluded time >12 months. Occlusion length was estimated as below: when there was collateral circulation, vascular occlusion length can be directly calculated, when there was no collateral circulation, occlusion length can be calculated according to the length of guidewire breakthrough occluded segment or balloon dilation results, in which there were 49 lesions (68.06%) with occlusion length ≤15mm and 23 lesions (31.94%) with occlusion length >15mm
1.3 PCI methods and success standard

    Before PCI, patients received routine dual antiplatelet therapy (aspirin + clopidogrel) and statins (atrovastatin or rosuvastatin) for 3~5d, and received 5000~6000U unfractionated heparin, after implantation of arterial sheathing the unfractionated heparin 3000U was routinely given again. A total of 21 cases received CAG via femoral artery and 44 cases via radial artery. When CTO lesions was found by CAG, vascular walking direction, lesion feature and collateral circulation etc. were carefully determined using multiple positions, long period collection, and contralateral angiography method was combined when necessary. Proper PCI apparatus and technical strategy were selected according to CAG results. Success standards were residue stenosis <30% after stent implantation, TIMI flow grade 3 and no severe complications. 

1.4 Data during PCI

1.4.1 Guiding catheter selection: diameter of guiding catheter was 6F~7F, among preferred guiding catheters of 33 cases with RCA CTO, 16 cases (48.48%) chose SAL1.0 catheter, 15 cases (45.45%) chose Amplatz L 0.75 catheter and two cases (6.06%) chose XBRCA catheter; among preferred guiding catheters of 32 cases with left coronary CTO (39 lesions), 20 cases (62.5%) chose EBU 3.5-3.75 catheter, 11 cases (34.38%) chose Amplatz L 0.75-1.0 catheter, and one case (3.12%) chose JL3.5 because of Amplatz L and EBU absence. 

1.4.2 Guidewire selection: Guidewire with medium hardness and good maneuverability is usually first selected, and then the hard ones were considered according to the situation. Pilot 50-150, Miracle 3-6g and Fielder XT etc guidewire are mainly selected. Hydrophilic coating Pilot 50-150 guidewire was used in 37 lesions, which passed through 35 lesions (94.59%) and failed in two, when changed to use Miracle 4.5 guidewire, it passed through one lesion and failed in the other one; Medium hardness guidewire of Miroacle 3-6g series was used in 20 lesions, it passed through 16 lesions (80%), failed in three lesions and perforated in one lesion, when changed to use Pilot 150 and Fielder XT guidewire, it passed through two lesions and failed in one; Fielder XT catheter was used in 21 lesions, it passed through 19 lesions (90.48%) and failed in two, when changed to use Miroacle 6g guidewire, it passed through one lesion and failed in the other one. Above three kinds of guidewire all can’t pass through three lesions (two in RCA and one in LAD) with antegrade direction, their imaging features were severe coronary calcification, keratosis, abundant jellyfish-like small collateral circulation in occluded end or absence of occluded end. A total of 97 guidewire were used during PCI（1.35 guidewire/lesion, 97/72）. Among the 72 lesions, the guidewire passed through lesion under balloon support in 62 lesions, in which, Sprinter Legend 1.25×15mm balloon was used in 57 lesions and Maverick-2 2.0×15mm balloon was used in five lesions; Finecross microtubule supporting was used in five lesions. 

1.4.3 Balloon selection: Among the 72 lesions, guidewire cannot pass through two lesions, (lesions showed severe calcification and keratosis), and balloon pre-dilations were completed in 66 lesions. Small caliber balloons, such as Sprinter Legend 1.25×15mm or Ryujin Plus 1.5×15mm, were preferred to pass through lesion in PCI, when it’s confirmed that the balloon was inside vascular true lumen, pre-dilation was performed, large caliber balloon (Maverick-2 2.0-2.5×15-20mm) was gradually changed to fully dilate lesion after antegrade blood flow recovered. For lesions which balloon can pass through but stent failed, resistant to high pressure and non-compliant balloon may be used to fully dilate the lesion again. Predilation pressure of balloon was 10~16 atm. A total of 134 compliant predilation balloons were used during PCI, including 57 Sprinter Legend 1.25×15mm balloons, 15 Ryujin Plus 1.5×15mm balloons, 62 Maverick-2 2.0-2.5×15-20mm balloons, each lesion consumed a mean 1.06 small caliber balloons (72/68); there were 12 non-compliant predilation balloon, including seven NC Sprinter 2.5×21mm balloons, five Quantum 2.5×12mm balloons, and each lesion consumed a mean 0.18 non-compliant balloon (12/68).
1.4.4 Stent implantation: According to lesion features, stents with good delivery and compliance were selected; meanwhile, with rich experience and skill of operator, a total of 109 drug-eluting stents in 59 cases with 66 lesions were implanted. Releasing pressure of stents was 12~16atm, and stents were released for a mean 10~15s; among 109 stents, three stents were implanted in nine lesions, two stents in 25 lesions, one stent in 32 lesions respectively, a mean 1.65 stent was implanted in each lesion (109/66); during PCI, the 109 stents included 36 Firebird-2 stents (33.03%), 26 Endeavor stents (23.85%), 28 Resolute stents (25.69%), 15 Excel stents (13.76%) and four Partner stents (3.67%). Stent implantations were completed using balloon anchoring technique in 17 lesions, dual guiding wire technique in 23 lesions, catheter deep inserting technique in five lesions and reverse way from proximal end to distal end in three lesions. 其他呢（X-48=？）64-48=18
1.4.5 Stent post-dilatation: After stent implantation, a total of 51 patients (86.44%) used non-compliant balloon to perform high pressure post-dilation to achieve good stent adherence, compared with stent diameter, balloon diameter was bigger by 0.25~0.5mm, and mean post-dilation pressure was 18~22 atm.

1.5 Statistical treatment

    SPSS 11.5 software was used to perform statistical analysis. Measurement data were expressed as mean ± standard deviation (
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), and its comparison between two groups was performed using t test. Numeration data were expressed as percentage, and its comparison between two groups was performed using chi-square test. P<0.05 was regarded as possessing statistical difference. 

2  Results

2.1 PCI success rate

    A total of 66 CTO lesions（91.67%，66/72） were canalized in 59 patients（90.78%，59/65）,their TIMI flow reached grade 3 during PCI. Compared with patients with CTO occlusion 3~12 months, there was significant decrease in PCI success rate in those with CTO occlusion >12 months; compared with patients with occlusion length ≤15mm, there was significant decrease in PCI success rate in those with occlusion length >15mm; compared with patients with mouse tail-like broken ends, there was significant decrease in PCI success rate in those with knife cut- like broken ends, P<0.05 all; there was no significant difference in PCI success rate between CTO lesions with and without bridge collateral, P>0.05. They were shown in table 1. 

Table 1  Relationship between PCI success rate and lesion feature

	Lesion feature  
	Successful PCI
	Failed PCI
	PCI success rate (%)
	χ2
	P

	Occlusion period
	
	
	
	
	

	3~12 months
	44
	1
	97.78
	3.92
	0.048

	>12 months
	22
	5
	81.48△
	
	

	Occlusion length
	
	
	
	
	

	≤15mm
	48
	1
	97.96
	5.58
	0.018

	>15mm
	18
	5
	78.26▲
	
	

	Broken ends form
	
	
	
	
	

	Mouse tail-like
	56
	2
	96.55
	6.32
	0.012

	Knife cut-like
	10
	4
	71.43#
	
	

	Bridge collateral
	
	
	
	
	

	Yes
	49
	5
	90.74
	0.0065
	0.936

	No
	17
	1
	94.44
	
	

	Total
	66
	6
	91.67
	
	


PCI: Percutaneous coronary intervention. Compared with occlusion period 3~12 months △P<0.05,compared with occlusion length ≤15mm, ▲P<0.05, compared with mouse tail-like broken ends, #P<0.05. 
2.2 PCI failed causes 

    A total of six CTO lesions were not canalized in six patients, including guidewire cannot pass through lesion in four lesions (66.67%), guidewire passed but balloon failed to pass through lesion in two lesions (33.33%). 

2.3 Complications during and after PCI

There was no death during and after PCI. Guidewire perforation occurred in one case, there was small amount of contrast agent leaking and asymptomatic pericardial hydrops during PCI; vascular dissection in three patients, and it disappeared after stent implantation; slow flow in one case, and blood flow recovered after intracoronary used tirofiban. Incidence rate of complications was 7.69%. Lesion features of those with complications were severe calcified CTO lesion without collateral circulation. 

2.4 Postoperative follow up 
    After PCI, all patients discharged on 5~7d after PCI except one case discharged on 10d after PCI because of guidewire perforation. There were no major adverse cardiovascular events (MACE, angina pectoris, re-infarction and sudden death) during admission in all patients. Among the discharged patients, symptom relieving rate of angina pectoris was 90.16%. Patients received outpatient follow up once a month after PCI, and there were all no significant MACE; 21 patients were reviewed by CAG after PCI 9~15 months, and there was no significant re-infarction. 

3  Discussion

CTO lesion is a frequent and serious coronary disease, which occupies 15%~30% of all PCI cases. Its causes are two: one is plaque rupture based on mild-moderate stenosis leads to acute thrombosis, then gradual fibrosis and calcification occur, and form chronic occlusion disease; the other one is highly stenotic disease gradually aggravates and occludes completely. When CTO lesion is successfully canalized by PCI, it can improve myocardial ischemia of supplying area of distal end of occlusion coronary artery, resuscitating myocardial hibernating, relieving angina pectoris symptoms of patients, so improve heart function, which may reduce the need for coronary artery bypass grafting about 50% and is helpful for long-term living of patients [1-3]. 

Many factors can affect successful canalizing CTO lesions. There exists difference in instant success rate of PCI in domestic and foreign reports. But in general, along with improvement of CTO specific apparatus and operating level in recent years, rich experienced cardiac centers reported that [4-6] PCI success rate can be over 80%~90% for CTO lesion, which has significantly elevated compared with the past. A lot of clinical researches [7-10] have proved that CTO occlusion period, length, broken ends form and bridge collateral formation or not are important factors affecting its PCI success rate. The PCI therapeutic effect of 65 patients with 72 CTO lesions in the present study indicated that total PCI success rate reached 91.67%, symptom relieving rate of angina pectoris was 90.16%, though incidence rate of complications during PCI reached 7.69%, no MACE occurred during admission; PCI success rate significantly reduced in those with CTO occluded over 12 months, length >15mm, and with broken ends of knife cut-like. Among five PCI-failed lesions, CAG features of three lesions showed abundant jellyfish-like small collateral circulation in occluded end, and their PCI was failure because guidewire cannot pass through CTO lesion. The PCI success rate in the present study was higher than other domestic and foreign reference, its causes may be that (1) related to shorter occlusion period and lesion length, and high percentage of patients with mouse tail-like broken ends; （2）related to rich experience, skillful operation technique of surgeon. 

A study indicated that [11] the most frequent cause of PCI failure was guidewire failed to pass through occluded segment (80%), the second cause was balloon failed to pass through occluded segment (15%), and the third cause was balloon failed to dilate stenotic lesion (5%). The present study indicated that 98.46% (64/65) cases used strong supporting guiding catheters, such as Amplatz (AL, SAL), EBU and XBRCA etc, 86.11% (62/72) CTO lesions received PCI based on auxiliary balloon support. Among six CTO lesions of PCI failure, the guidewire cannot pass through in four lesions (66.67%), guidewire passed through but balloon cannot pass through in two lesions (33.33%), therefore, guidewire selection is also a key affecting PCI success. Lesion passing rates of Pilot 50-150, Miracle 3-6g and Fielder XT were 94.59%, 80% and 90.48% respectively in the present study. Guidewire of hydrophilic coating super smooth or medium and higher hardness selected according to lesion features, are helpful to increasing lesion passing rate of guidewire. After guidewire passes through the lesion, small caliber balloon (diameter 1.25mm or 1.5 mm) is used to pre-dilate occluded lesion, then balloon with diameter 2.0mm or more is used to fully pre-dilate stenotic lesion; and combined with non-compliant balloon predilation, balloon anchoring technique, Buddy wire technique and guiding catheter active extended interpolation technique can further elevate success rates of PCI and stent implantation, 
In summary, PCI for CTO lesion is still one of the biggest difficulty and challenges in PCI field. CTO lesion can still have a high success rate under the premise of fully awareness of clinical data and imaging features of lesions of cases, selection of proper PCI apparatus (mainly guiding catheter, guidewire and balloon), proficient application sophisticated technique and active combination of team. 
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