
IJMS 
Vol 33, No 4, December 2008 

Iran J Med Sci December 2008; Vol 33 No 4 187 

 
 

Coronary Artery Bifurcation Lesions;  
A Review and a Guide for Specific  
Interventional Techniques 
 
 

 
Abstract 
Percutaneous coronary intervention in the setting of coronary 
bifurcation lesions is associated with increased risk for com-
plications. The goal of this manuscript is to review the cur-
rently available classifications for coronary artery bifurcation 
lesions with a guide to the use of specific coronary bifurcation 
techniques based on lesion characteristics. 
Iran J Med Sci 2008; 33(4): 187-194. 
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Background 

oronary bifurcation lesions are among the most chal-
lenging lesions with high risk for complications.1 For 
this reason, based on the American College of Cardi-

ology Task Force, bifurcation lesions are categorized simple 
bifurcation lesions as type B and type C lesions.2 Despite the 
availability of drug eluting stents, the restenosis rate of coro-
nary artery bifurcation lesions remains high,3-5 with increased 
risk for subacute and late stent thrombosis.3,6-11 Currently, 
there is no guideline to address the choice of particular inter-
ventional technique in regards to the specific anatomy of a 
given bifurcation lesion. In order to use specific technique for a 
given coronary bifurcation lesion, it is important to have a user 
friendly and applicable classification. 
 
Coronary artery bifurcation classifications 
 
Currently, there are six major bifurcation lesion classifications 
published in the literature. Of these, four classifications were 
published in the era of bare metal stents.9,12-14 There are very 
similarity in describing a given coronary bifurcation lesion. 
Different lesion types are named using numbers or alphabet 
with lack of association between the given name and the le-
sion characteristics. For instance, similar lesion types in 
Sanborn, Duke, and other classifications describe many de-
tails of these lesions without clinical relevance. On the other 
hand, they failed to describe other important features of a 
bifurcation lesion such as proximal segment or bifurcation 
angle.14 Sanborn’s Type II and Type IV lesions (figure 1) de-
scribe two bifurcation lesions as two different types with the 
same technical relevance that only main branch has disease. 
On the other hand, this classification does not categorize techni-
cally important features of bifurcation lesions such as angulation 
between the two branches or the size of the proximal 
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healthy segment (important features for kissing 
stent technique). Duke classification,12 also 
fails to describe bifurcation angle and proximal 
healthy segment. Again, there are redundan-
cies in these classifications. For example, 
Duke type A, type B, and type C lesions are 
similar in regards to technical decision making 
(figure 1). The same redundancy in separating 
bifurcation lesions into different types without 
technical relevance can be seen in all the 
Safian and Lefevre types,13 (figure 1). Again, in 
those classifications, there is no description 
about proximal segment or angulation between 
the two branches missing important technical 
information. Furthermore, there is no connec-
tion between the lesion types and the lesion’s 
names making it very hard to remember. 
These are the reasons why these classifica-
tions not being used clinically.  

Recently, two new bifurcation classifications 
were published in order to improve some of the 
limitations of the previous classifications. First 
attempt to simplify these classifications for better 
memorization was made by Medina et al.15 
(figure 1). Their group divided bifurcation le-
sions into three segments: proximal segment of 
the main branch, side branch ostia, and distal 

segment of the main branch. Any involvement 
of each segment is assigned suffix 1, other-
wise suffix 0 was given from left to right. For 
example, lesion 1,0,1 means that proximal 
segment and distal part of the main branch has 
disease but side branch ostia are free of dis-
ease (figure 1). This classification is easier to 
remember in comparison to older classifica-
tions. However, the Medina classification com-
pletely fails to include two extremely important 
features of bifurcation lesions: angulation and 
the size of the proximal healthy segment. This 
classification has redundancy as can be seen 
in the other classifications. For example, le-
sions 1,1,1 and 0,1,1 and 1,1,0 (figure 1) de-
scribe three types of lesions with involvement 
of the main and side branch ostia. Therefore, 
these lesions are anatomically very similar with 
little differences in regards to technical deci-
sion making. 
 
Newest simplified classification of bifurca-
tion lesions that can be easily remembered 
and relevant to interventional techniques 
 
In order to overcome the limitations and short-
comings of the above mentioned classifications, 

 
Figure 1: Summery of currently published major coronary bifurcation classifications (Movahed MR. Coronary artery bifurcation 
lesion classifications, interventional techniques and clinical outcome (With permission from Expert Rev Cardiovasc Ther 
2008:6:261-74). 
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a new classification (Movahed classification) 
was recently published eliminating the redun-
dancy and including other technically important 
features of a given bifurcation lesion.16 This 
classification is based on a system that is 
composed of a single prefix to which up to four 
different suffixes can be added (figures 1 and 
2). The description of this classification begins 
with the prefix B (for Bifurcation lesion) to 
which four different suffixes are added to ob-
tain the final description of the lesion or only 
one or more suffixes can be used for simplicity. 
The nomenclature for true bifurcation lesions 
involves only two main subgroups for each of 
the four suffixes. Each suffix describes techni-
cally important feature of a bifurcation lesion in 
the context of technical decision making. Using 
suffixes that are directly related to the impor-
tant features of a bifurcation lesion makes this 
classification very easy to memorize. This 
classification is complete and includes two 
other important technical features of bifurcation 
lesions that are not described in any other ma-
jor classifications: the proximal healthy seg-
ment and the angle of bifurcation branches. 
 
Detailed features of nomenclature in  

Movahed classification 
 
Large proximal segment is a very important 
requirement for kissing stent technique that is 
included in this classification. For kissing stent 
technique, it is required to have a proximal 
healthy segment that is at least as large as 2/3 
of the sum of the diameter of both branch ves-
sels in order to accommodate two stents.5 The 
first suffix of this classification addresses this 
feature. If the proximal segment is large 
enough L is given for the first suffix (L for large 
proximal segment). On the other hand if the 
proximal segment is small (less than 2/3 of the 
sum of the diameters of both branch vessels) 
suffix of S (for small proximal segment) is 
used. Therefore, BS lesions are not suitable for 
kissing stent technique.5 

The second suffix in this classification de-
scribes one of the most important features of 
coronary bifurcation lesions describing the in-
volvement of branches. If both ostia of bifurca-
tion branches are diseased, the suffix number 
2 is used. It is known that significant ostial dis-
ease of main and side branch dramatically in-
creases the risk of side branch occlusion dur-
ing stenting of the main branch. In one large 

 
Figure 2: Detail structural description of the Movahed’s coronary bifurcation classification with modification of the 4th suffix  
(reprint with permission from The Journal of Invasive Cardiology). 
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study, atherosclerotic involvement of both 
branch ostia was associated with 40% occur-
rence of myocardial infarction whereas if only 
main branch was diseased, myocardial infarc-
tion occurred in only 4.7%. 17 Furthermore, side 
branch closure occurred in 65% of lesions if 
both ostia were diseased versus 4% in lesions 
without side branch involvement.18 In Movahed 
classification, if only the main branch is dis-
eased regardless of proximal or distal segment 
involvement, suffix 1m will be used. If only the 
side branch has disease (or anatomically less 
important branch), suffix 1s will be used. This 
distinction is important for technical decision 
making, which is discussed later. 

The third important suffix in this classifica-
tion describes the angulation of bifurcation 
branches, which had not been mentioned in 
other classifications. Lesions with steep angu-
lations have major disadvantage that the side 
branch access can be very difficult after main 
branch stenting. It is also associated with in-
crease in the long term mortality if crush stent 
technique is utilized.19 Furthermore, steep an-
gle is significantly associated with the risk of 
abrupt vessel closure,20 or side branch occlu-
sion.18 Therefore, it is important to incorporate 
this anatomical feature into a classification. 
The suffix V is given for shallow angles < 70 
degree (which looks like a V) and suffix T is 
given for a bifurcation with steep angle of > 70 
degree (which looks like a T). For example a 
BL2V lesion is a bifurcation lesion (B for bifur-
cation) that has a large proximal segment (L 
for large that is suitable for kissing stent tech-
nique) with involvement of 2 ostia (2 for both 
ostia) in the disease process with a shallow 
angulation (V for shallow angulation looks like 
a V) of the branches. For simplicity, only one 
feature can be used to describe a given (B2, 
B1m, BV, BT, BL etc. lesions).  

This classification includes optional suffixes 
for other high risk features at the end of the 
classification symbols (in this classification LM 
was used for left main and CA for calcium). 
However, an expansion of this classification 
can be done easily by adding an abbreviation 
of other high risk features to the end of the le-
sion description such as TO for total occlusion 
or TR for thrombus containing lesion, etc. A 
summary of currently available classifications 
can be seen in figure 1. Detailed structural ex-
planation of the newest comprehensive simpli-
fied classification can be seen in figure 2. 
 
Technical details of major interventional 

techniques for the treatment of bifurcation 
lesions 
 
Several techniques have been used and de-
scribed in the treatment of bifurcation lesions. 
There is a considerable confusion in the de-
scription of bifurcational techniques in the 
past.9,12,14,21-25 For example, ‘V’ stenting if proxi-
mal overlap of both stents is too short is used for 
the kissing stent technique.5,22 Recently, European 
Bifurcation Club has divided bifurcation interven-
tions in categories based on the location and tim-
ing of the first stent implantation. If the first stent is 
utilized in the main branch, they call it M (M for 
Main branch). If it crosses the bifurcation, it is 
called A (A for Across) and if the side branch is 
stented first, they call it S (S for Side branch).26 
The major problem with this nomenclature is the 
fact that it does not describe technical aspects of 
important interventional techniques in regards to 
using one or two stents. For simplification, the 
most common bifurcation techniques for stenting 
have been recently classified by Movahed et al. 
into 6 categories;16 1) OST= One Stent Tech-
nique, 2) SBT= Stent with Balloon Technique, 3) 
KST=Kissing Stent Technique, 4) TST=T Stent 
Technique, 5) CRT= Crush Stent Technique , and 
6) CUT= CUllotte stent Technique (figure 3). 

The first rule is to use one stent if the lesion 
morphology is not a high risk for side branch 
occlusion. The simplest technique is using one 
stent technique with provisional side branch 
stenting in lesions at low risk for side branch 
occlusion (OST or SBT). The long term out-
come of using one stent technique has been 
similar or even better than two stent tech-
niques. Even in the era of drug eluting stents, 
two stent techniques did not improve resteno-
sis rate in most trials with the higher risk for 
subacute stent thrombosis.3,27-29 On the other 
hand, provisional side branch stenting in B2 
lesions (both ostia are diseased) poses a high 
risk for side branch occlusion and complica-
tion. The risk of side branch occlusion in B2 
lesions that can be as high as 65% depend on 
the side branch angle.17,18 There is a general 
consensus that if a bifurcation lesion is not a B2 
lesion, using one stent techniques (OST or SBT) 
with provisional side branch stenting is the pre-
ferred technique with acceptable risk unless the 
side branch is very important and large branch 
with a lot of myocardium in jeopardy. In B2 le-
sions, two stent techniques offer safer access to 
both diseased branches. Usually, for easier ad-
vancement of two stents in the bifurcation le-
sions, balloon predilation is recommended. 
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Indications and technical features of stent 
techniques (OST, SBT) 
 
The OST and SBT techniques are based on a 
simple technique using one stent. This is the 
best technique in bifurcation lesions with a small 
side branch that can be ignored or in lesions 
without significant side branch ostial involve-
ment. Therefore, these techniques are best 
suitable for BC (close to bifurcation) and BN 
(not a significant side branch) lesions or B1m 
lesions when the side branch ostia are not in-
volved (as the risk of side branch occlusion is 
small when side branch is not diseased).18 After 
initial stenting of the main vessel, the side 
branch will be left alone or in the case of side 
branch plaque shift, the side branch ostia will be 
ballooned if the side branch is large. 
 
Indications and technical features of two 
stents techniques 
 
We will start with the KST technique that re-
quires simultaneous advancement of two 
stents which are positioned side by side into 
each bifurcation branch with the creation of a 
new carina in the main branch. This technique 
is also known as V stenting.5,15,30 The major 
advantage of this technique is the ability to 
maintain access to both branches at all times. 
However, the occurrence of an edge dissection 
can be problematic. Based on two recently 
reported studies,5,31 subacute stent thrombosis 
rate is acceptable. For this technique large 

proximal segment is required. Therefore, BL 
lesions with the proximal healthy segment of at 
least 2/3 of the sum of the diameters of both 
bifurcation branches are best suitable for this 
technique. Steep angulations may cause diffi-
culty in advancing two stents simultaneously 
make BT lesions more risky. The sequence of 
this technique is as following: First both stents 
will be implanted at low pressure (6-8 atmos-
pheres) simultaneously. Next, both stent bal-
loons are deflated and each balloon is inflated 
sequentially to high pressure inflations (14-16 
atmospheres) with final inflation of both stent 
balloons at low pressure.  

The TST technique requires positioning of 
two stents in a ‘T’ fashion in both branches. 
This technique has many other names.22,24,25,32 
The easiest approach is a pullback technique 
where a stent is placed in the side branch and 
a balloon in the main branch, which is inflated 
to low pressure during side branch stenting in 
order to avoid significant side branch stent pro-
tuberating into the main branch with a risk of 
main branch compromise. A different approach 
is also described as mini crush. In this ap-
proach, after initial balloon predilatation, two 
stents are positioned simultaneously in both 
branches. Next the side branch stent is inflated 
with minimal stent overlap in the main branch. 
After the removal of the side branch stent bal-
loon, main branch stenting is performed. 

The loss of direct side branch access after 
main branch stenting is a main drawback of this 
technique in comparison with the KSK technique. 

 
Figure 3: Schematic description of interventional bifurcation techniques: OST=One stent technique, SBT= Stent with balloon 
technique, KST=Kissing stent technique, TST= ”T” stent technique, CRT= Crush stent technique, CUT= Cullotte stent tech-
nique. (Movahed MR. Coronary artery bifurcation lesion classifications, interventional techniques and clinical outcome (With 
permission from Expert Rev Cardiovasc Ther 2008;6: 261-74) 
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This technique can be best utilized in bifurcation 
lesions with small proximal segment, which are 
not suitable for the kissing stent technique. 

The CRT technique, pioneered by Colombo 
et al.24 lost initial enthusiasm due to high rate of 
subacute thrombosis and difficulty to rewire the 
side branch. It consists of advancing two stents 
simultaneously into both bifurcation branches. 
The proximal segment of side branch is deployed 
in the main branch and then is crushed to the 
main branch wall with stenting of the main 
branch.11,33 At the end of the procedure, the final 
simultaneous kissing balloon inflation is then per-
formed. Although this technique can be utilized 
for most bifurcation lesions, steep angulations 
such as “T” lesions can make rewiring of the side 
branch difficult. Furthermore, subacute stent 
thrombosis and side branch restenosis rates 
have been high.7,8,11 

The CUT technique is also described as 
‘trouser legs’.22,32,34 This technique is gaining 
popularity again in the era of drug eluting 
stents. Recent trials have shown encouraging 
low restenosis rate in the era of DES.35,36 This 
technique is best useful as a bailout technique. 
In case of unsatisfactory side branch result 
after main branch stenting, the CUT technique 
can be utilized to resolve the problem. With 
this technique, the operator should first stent 
the less angulated or most diseased branch 
vessel, and then rewires the other branch 
through the stent struts. It is important that side 

and main branch have similar size in order to 
use this technique. After the first stent, the 
second stent is positioned across the second 
branch with positioning of the proximal stent 
segment in the proximal part of the previously 
stented segment. Final simultaneous kissing 
balloon should be performed for better stent 
struts expansion. This technique is suitable for 
T or V lesions when both ostia are diseased. 
 
Algorithmic approach to the treatment of 
bifurcation lesions based on the lesion 
characteristics 
 
A recent algorithmic approach based on the 
anatomical features of coronary bifurcation 
lesions defined in the Movahed classification 
was published in order to guide interventional-
ists to bifurcation interventions (figure 4).37 

First, it is important to visualize the bifurca-
tion branches and assess if a lesion is a true 
bifurcation. If there is a small space between 
the main and side branch, the lesion will be 
categorized as BC lesion (close to bifurcation), 
which is not a true bifurcation. In such a sce-
nario, simple main branch stenting should be 
the easiest technique.  

If the lesion is a true bifurcation lesion, then 
the next question is the importance of the side 
branch vessel. If the side branch vessel is 
small or supplies small territory, the lesion 
should be classified as BN (non significant  

 
Figure 4: An algorithmic approach for the treatment of coronary artery bifurcation lesions based on the lesion type (Movahed 
MR. Coronary artery bifurcation lesion classifications, interventional techniques and clinical outcome. (With permission from 
Expert Rev Cardiovasc Ther. 2008;6:261-74) See Figure 2 and 3 for abbreviations). 
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bifurcation). In this case, the side branch can 
be ignored and stenting of the main vessel 
should be enough.  

Next, when the side branch is found to be 
important, the operator needs to evaluate the 
involvement of the main and side branch ostia. 
If the main branch is not involved, the operator 
should reconsider intervening on the side 
branch with a potential risk of compromising the 
main branch with little benefit. Otherwise, a one 
stent technique with pullback protection of the 
main branch is the safest approach. If only main 
branch ostia is involved in, using one stent 
(OST technique) is also the preferred technique 
as the risk of side branch occlusion is low.  

In the case of significant disease of both 
branch ostia, one stent techniques possess a 
high risk for side branch occlusion with one 
stent technique. The choice of two stent tech-
niques depends on the operator’s expertise and 
preference. Based on simplicity and good long 
term outcome, the kissing stent technique can 
be used in BL lesions with the advantage that 
access to the both branches maintained at all 
time during the procedure. Therefore, the 
proximal segment of a bifurcation lesion needs 
to be assessed. If the proximal segment is large 
enough to accommodate two stents in BL le-
sions, the kissing stent technique can be util-
ized. However, if the proximal healthy segment 
is small, other techniques should be considered.  

If the branch angle is steep (over 70 de-
gree), advancement of two stents into the side 
branch could be difficult. Furthermore, CRT is 
technically more challenging in angulated le-
sions and is associated with increased adverse 
outcome in these lesions.19 Therefore, the op-
erator should avoid the CRT technique in 
angulated BT lesions. If the branch angulation 
is less than 70 degree, the TST technique runs 
the risk of missing the side branch ostium dur-
ing main branch stenting. Therefore, the cul-
lotte stent technique or CRT should be initially 
considered in shallow lesions. If the TST tech-
nique is used, the pullback technique is the 
preferred choice in order to avoid missing the 
side branch ostium. Figure 4 shows an over-
view of this suggested algorithmic approach to 
bifurcation stenting based on the lesion char-
acteristics. 
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