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A B S T R A C T  
Objective: The objective of the study was to document the frequency 
and predicting factors of this PCI related complication in our population. 
Study Design: It is prospective observational study. 
Place and Duration: This study was conducted at Khatam un Nabeyeen 
Heart Center, Sargodha from October 2015 to March 2016. 
Materials and Methods: Total 50 patients who fulfill the inclusion and 
exclusion criteria were recruited in this study. Patients admitted for PCI 
using one stent or provisional two stent strategy) of bifurcation lesions 
were enrolled in this study. A base line ECG and echocardiography was 
performed. Regarding risk factors for CAD, history of hypertension, 
diabetes mellitus, family H/O ischemic heart disease and hyperlipidemia 
was noted. In all patients before PCI, routine blood investigations were 
obtained. With Quantitative coronary angiography (QCA) diameters and 
stenosis percentage of main branch as well as side branch was 
measures.  
Results: The mean age of patients was 50.2 ± 12.8 (range 35-70). 
35(70%) patients were male and 15(30%) were female. 18(36%) 
were hypertensive, diabetes was present in 20(40). 21(42%) of the 
patients had type D bifurcation lesion followed by type B lesion patients 
13(26%). 36(72%) patients had stenosis >80% and in 34(68%) 
patients disease segment was 20 mm in length. Side branch 
compromise (SBC) was observed in 22(44%) patients. Most of the 
patient who got SBC during intervention were suffering from type D 
lesion 14(63.6%). With SBC 10(45.5%) had complaint of chest pain, 
2(9.09%) got Non-Q wave MI. There was no incidence of mortality in 
patient having SBC. 
Conclusions: Coronary arteries with severe (> 80% stenosis) and 
diffuse (lesion length > 20 mm) lesions are mostly associated with 
side branch occlusion during PCI. LVEF, Bifurcation angle, TIMI flow 
grade of SB before PCI major predictors for SBC. Similarly elderly, male 
and diabetic are more prone to side branch occlusion.  
Key words: Coronary Bifurcation Lesions, Major Side Branch Occlusion, 
Percutaneous Coronary Intervention. 

Introduction  
The side branch (SB) occlusion is a one of the major 
complications associated with percutaneous coronary 

intervention (PCI) of bifurcation lesions. 15-20% cases 
of Percutaneous coronary intervention involved 
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bifurcation coronary lesions.1,2 In interventional 
cardiology, coronary bifurcation lesions stenting is still 
one of the most challenging field and the treatment is still 
debatable. Provisional stenting as a routine bifurcation 
stenting technique has been recommended in several 
randomized clinical trials. 3,4,5  
During bifurcation stenting, side branch (SB) occlusion is 
a common PCI related complication. In many previous 
studies, it was documented that presence of SB ostial 
disease was an independent predictor of SBC after PCI 6 
but now it has proved that multiple clinical and 
angiographic factors increase the risk of side branch 
occlusion. Atherosclerotic disease in coronary artery 
leads to turbulent blood flow, this develops 
atherosclerosis in side branches of main coronary arteries 
resulting bifurcation coronary lesions. The frequency of 
side branch occlusion (SBO) is reported about 12-41% in 
different studies.7,8 The occlusion of side branches with 
smaller diameter is mostly well tolerated, 9-12 however 
occlusion of branches of larger diameter is associated 
with serious complications during PCI.12,13,8,14 Multiple 
factors increase the risk of SBO during PCI. The anatomy 
and morphology of atheromatous plaque as well as 
plaque burden are the major predictors of SBO during 
PCI. Snow plow effect of plaque burden at the bifurcation 
site compromises the side branch, even if there is no 
significant disease of ostium of the SB. However the 
plaque volume in the main vessel as well as in side 
branch is the main determinant of the fate of the side 
branch.  
This study was conducted in a single center for 
cardiovascular diseases, where consecutive patients who 
underwent PCI were studied.  

Materials and Methods 
This study was conducted at Khatam un Nabeyeen Heart 
Center, Sargodha from October 2015 to March 2016. 
Total 50 patients who fulfill the inclusion and exclusion 
criteria were recruited in this study.  
Inclusion Criteria 
Any patient who was admitted or referred for PCI of 
bifurcation lesion at our center was enrolled in the study. 
Exclusion Criteria 
1) Previous H/O CABG. 
2) Patients with acute myocardial infarction 
3) Thrombotic lesions on coronary angiography 
4) Side branches smaller than 1 mm 
5) End stage renal failure 
6) Any Malignancy 

7) Previous H/O Valvular heart disease or/ and 
Valvular replacement 

8) Patients having H/O contrast allergy 
After approval of study protocol from local Hospital 
Ethical Committee informed consent was taken. 
Demographic characteristics were obtained. Detailed 
medical history including past history was taken. A 
detailed physical examination with special emphasis on 
CVS was performed. History of any drug allergy 
especially to contrast was obtained. ECG of all patients 
was done for rate and rhythm. A base line 
echocardiography was performed to know ejection 
fraction and to identify any Valvular or structural heart 
disease. Regarding risk factors for CAD, history of 
hypertension, diabetes mellitus, family H/O ischemic 
heart disease and hyperlipidemia was noted. Patient was 
labeled hypertensive on the basis of hospital record or if 
patient was taking antihypertensive medications or 
his/her BP was ≥ 140/90 mmHg. Diabetes was identified 
on the basis of hospital record or if patient was taking 
anti diabetic medications (Insulin/ OHGA) or fasting 
blood sugar was≥ 126 mg/ dl. Dyslipidemia was defined 
if total serum cholesterol was≥ 180 mg/ dl in fasting state 
or patient was on statin therapy for it. In all patients 
before PCI, routine blood investigations were obtained. 
Patients were considered smokers if still they were 
smoking (Huqa and/ or Cigarettes). Body mass index 
(BMI) was calculated. With Quantitative coronary 
angiography (QCA) diameters and stenosis percentage of 
main branch as well as side branch was measured.  
Procedure: Before PCI, ECG of each patient was done.  
Clopidogrel (600mg) was given before procedure. During 
intervention, patients were given Unfractioned Heparin 
IV and ACT was maintained at ≥300 seconds. Every 
patient was given glycoprotein IIb &IIIa inhibitor 
(Tirofiban) during and after PCI.  
Classification of bifurcation: Duke Classification was 
used to classify the lesion angiographically (Figure-1).  

 
Figure 1. Duke Classification 
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For bifurcation stenting, same technique of PCI was used 
to stent main coronary artery in all patients. In most of 
the lesions pre-dilatation was done before stenting and in 
every case stent was post dilated. Electrocardiogram 
(ECG) of every patient was done before and after 24 
hours of intervention. Cardiac profile including Creatine 
kinase, MB isoenzyme was recorded in every patient 
after 24 hours of procedure. 
Operational Definitions 
Side Branch Compromise (SBC): TIMI II or less flow 
in the side branch due to reduction in its diameter after 
PCI.  
Ostial Lesion: The disease involving the proximal 3 mm 
of side branch with ≥50 % stenosis.  
Q-wave myocardial infarction: Serial development of 
Q-wave (>0.04 seconds duration) along 3 times raised 
level of CK-MB isoenzyme.  
Non Q-wave myocardial infarction: Rise in serum CK 
MB isoenzyme level greater than 3 times normal without 
new Q-waves on ECG.  
Statistical Analysis: Continuous variables are 
documented as mean ± standard deviation. The 
categorical variables were noted with frequency 
percentage. Comparison of continuous variables was 
done with student’s t-test and frequencies with Chi-
squares. Statistically significant p-value was less than 
0.05. We report crude and multivariable results with the 
corresponding 95% confidence interval (CI). 

Results  
Mean age of study population was 50.2 ± 12.8 (range 35-
70). 35(70%) patients were male and 15(30%) were 
female. (Table I) 18(36%) were hypertensive, diabetes 
was present in 20(40), 22(44%) were obese and 
hyperlipidemia was documented in 21(42%) patients. 
(Table I)  

Table I: Demographic characteristics and risk factors of 
study population. (n= 50) 
Clinical characteristics Number Percentage 
Age Mean (years) 50.2±12.8 
Gender: 
Men (%) 
Women (%) 

 
35 
15 

 
70% 
30% 

LV Ejection Fraction % 
Mean(50±10) 

  

Risk factors 
Dyslipidemia 21 42% 
Obesity 22 44% 
Hypertension 18 36% 
Smoking history (%) 12 24% 
Diabetes Mellitus 20 40% 
F/H of IHD 11 22% 

 

Most 21(42%) of the patients had type D bifurcation 
lesion followed by type B lesion patients 13(26%). 
39(78%) had disease in LAD and diagonal followed by 
LCX and OM 10(20%). 36(72%) patients had stenosis 
>80% and in 34(68%) patients disease segment was 20 
mm in length. (Table II) 

Table II. Distribution of patients according to vessel 
involvement with lesion  characteristics (n=50) 
Characteristics Number Percentage 

Lesion Type 
A 

 
4 

 
8 % 

B 13 26 % 
C 8 16 % 
D 21 42 % 
E 0 0 
F 4 8 % 

Lesion Location 
LAD/DIAG 39 78 % 
LCX/OM 10 20 % 
PDA/PLB 1 2 % 
Lesion Length 
Length <20mm 16 32 % 
Length >20mm 34 68 % 
Main Vessel Stenosis 
≤ 80 % stenosis 
with evidence of   
Ischemia 
≥ 80% stenosis 

14 
 

36 

28 % 
 

72% 

LAD= Left anterior descending; DIAG= Diagonal; LCX= Left 
Circumflex; OM=Obtuse Marginal; PDA= Posterior 
Descending Artery; PLB= Posterior Lateral Branch 
 
Side branch compromise (SBC) was observed in 22(44%) 
patients and 28(56%) had no side branch compromise.14 
(40%) male patients had SBC and only 5(33.3) female 
patient got SBC during bifurcation intervention. Most of 
the patient who got SBC during intervention were 
suffering from type D lesion 14(63.6%). (Table III)  

Table III: Side Branch Compromise With Predictors 
Characteristics SBC n=22(44%) Without SBC 

n=28(56%) 
Basic characteristics of patients 
Age 55 + 10 years 48 + 12 years 
Gender         
Male 14, (40 %) 21, (60 %) 
Female 5, (33.3 %) 10, (66.7 %) 
Diabetes 13, (65 %) 7, (35 %) 
Hypertension 11, (61.1 %) 7, (38.9 %) 
Smoking  7, (58.3 %) 5, (41.7 %) 
Hyperlipidemia 13, (61.9 %) 8, (38.1 %) 

Lesion Type 
A 

1, (4.5 %) 3, (10.7 %) 

B 1, (4.5 %) 12, (42.8 %) 
C 4, (18.1 %) 4, (14.2 %) 
D 14, (63.6 %) 7, (25 %) 
E 0 0 
F 2, (9.09 %) 2, (7.1 %) 

Lesion Location 
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LAD/DIAG 16, (72.7 %) 23, (82.1 %) 
LCX/OM 5, (22.7 %) 5, (17.8 %) 
PDA/PLB 0 1, (3.5 %) 
Lesion Length 
Length ≤20mm 4, (18.1 %) 14, (50 %) 
Length >20mm 18, (81.8 %) 14, (50 %) 
Main Vessel Stenosis 
≤80 % with 
evidence of 
ischemia 

0 14, (50 %) 

>More than 80 % 22, (100 %) 14, (50 %) 
 
Only 1(4.5%) patient with type A had SBC. 18(81.8%) of 
the patient who got SBC had lesion length >20mm. With 
SBC 10(45.5%) had complaint of chest pain, 2(9.09%) 
got Non-Q wave MI. There was no mortality of any 
patient having SBC. Table IV. 
Table IV: Clinical Complication 

 With SBC Without SBC 
Chest Pain 10 (45.5%)  4 (14.2%) 
Non-Q wave MI  2 (9.09%) 1 (3.5%) 
Q wave MI 0 0 
Death 0 0 

 

Discussion 
Side branch occlusion is one of the major complications 
of PCI. Previously, bifurcation lesion was considered 
contraindicated for PCI. However In current practice, 
about 15% of PCI include such lesions.9  
The frequency of side branch occlusion is reported 
approximately 35% in different studies.7, 12, 15, 16, 17 In our 
study there is higher frequency of SBO i.e 44%. In most 
of the coronary bifurcation lesions, now a day the 
provisional stenting strategy is the preferred PCI 
technique. It has been found in 5 years clinical follow-up 
that provisional stenting technique is not inferior to 
double stenting technique. 18 However, abrupt closure of 
the SB may occur after MV stent implantation and due to 
this complication the utilization of this technique has 
been used in limited cases. The predictors of SB 
occlusion can help the interventionist to select the 
optimal intervention strategy. It has been documented in 
many previous studies that SB ostial disease and RVD of 
the SB are major predictors of SB occlusion. Similarly 
origin of side branch from the diseased segment of 
coronary artery is a risk factor for complications during 
PCI.17 There are various clinical and angiographic 
characteristics that determine the SB occlusion. 
In our study, the major predictors were diameter of 
stenosis and TIMI flow grade of SB as well as bifurcation 
angle and left ventricular EF. Before MV stenting, SB 

diameter can reflect the lesion severity and plaque 
burden. Vessels with thrombus or other complex lesions 
are more likely to have SB occlusion. Several 
mechanisms are involved in occlusion of side branches 
during PCI of coronary arteries. These includes snow 
plow effect, thromboembolism, coronary artery spasm, 
ostial recoil, coronary artery dissection, covering of the 
side branch ostium by stent materials and endothelial 
dysfunction.7,10,12,19,20 SB occlusions are determined by 
many risk factors including the clinical and angiographic 
characteristics. In our study, SBO mostly occurred in 
patients with type D lesion in which ostium of side 
branch was also involved and diffuse disease with greater 
than 80% stenosis of main artery. This reflects the real 
plaque burden in these lesions. These findings are similar 
to other studies.21-26 The incidence of clinical 
complications including myocardial infarction was low in 
our study. These results are comparable with other 
studies.27 Regarding the clinical profile of patients, 
frequency of SBO were more in elderly, male and 
diabetic patients in our study. However these factors are 
variable in different studies.  
In previous studies, it has been reported that pre-stenting 
TIMI Grade≤ 2 flow in SB was a predictive factor for SB 
occlusion.28 Our results coincides with Boxt study in 
which he found that with the increased of ratio of the 
diameter between MV/SB the chances of SBC 
increased.24 Increased ratio between MV/SB diameters 
indicates larger plaque volume of SB. In our study 
periprocedural MI was more in patients with LVEF 
<50% however, Hahn et al. in his study on multivariable 
analysis failed to detect LVEF as an independent 
predictor of SB occlusion.25 Effect of bifurcation angle 
on the rate of SBO is controversial. Previously, it was 
reported that smaller angle in coronary bifurcation is 
associated with restenosis and major adverse cardiac 
events (MACE). 29 But Yoshitaka Goto et al. reported 
that there is no association between SB compromise and 
bifurcation angle. Dzavik et al. found that after 
bifurcation crush stenting, bifurcation angle >50° is an 
independent predictor of MACE. 30  
Risk of SB occlusion increases with plaque volume in 
bifurcation core. In our study other potential factors for 
SBC were jailed wire in SB and predilatation of SB and 
these results were consistent with previous studies.25  

Conclusion 
Coronary arteries with severe (> 80% stenosis) and 
diffuse (lesion length > 20 mm) lesions are mostly 
associated with side branch occlusion during PCI. LVEF, 
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bifurcation angle, TIMI flow grade of SB before PCI 
were major predictors for SBC. Similarly elderly, male 
and diabetics are more prone to side branch occlusion.  
LIMITATIONS OF THE STUDY  
1) Due to the low incidence of major SB occlusion, only 50 cases 

were included in the present study so there is a possibility of 
statistical over fit which could limit reproducibility of this model in 
other populations.  

2) It was non–randomized single center study. In this study no 
comparison of different treatment approaches of bifurcation 
lesion was done.  

3) In our study there was lack of follow up of patients. However this 
study fulfills the objective i.e. predictors of SBO to reduce PCI 
related complications. 

List of Abbreviations 
SB       Side Branch,  SBO    Side branch occlusion 
PCI      Percutaneous coronary intervention    
SBC    Side branch compromise 
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