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Abstract

Percutaneous coronary intervention (PCI) of chronic total occlusions (CTO) in coronary bifurcation le-
sions (CBL) is undergoing substantial technical progress and standardization, paralleling the evolution
of dedicated devices, tools, and techniques. A standard consensus to classify CTO-CBL might be instru-
mental to homogenize data collection and description of procedures for scientific and educational purposes.
The Medina-CTO classification replicates the classical three digits in Medina classification for bifurca-
tions, representing the proximal main vessel, distal main vessel, and side branch, respectively. Each digit
can take a value of 1 if it concerns atherosclerosis and is anatomically stenosed, or 0 if it is not. In addi-
tion, the occluded segment(s) of the bifurcation are noted by a subscript, which describes key interventional
features of the cap: t (tapered), b (blunt), or a (ambiguous). This approach results in 56 basic categories
that can be grouped by means of different elements, depending on the specific needs of each study.
Medina-CTO classification, consisting of adding a subscript describing the basic cap characteristics
to the totally occluded segment(s) of the standard Medina triplet, might be a useful methodological tool
to standardize percutaneous intervention of bifurcational CTO lesions, with interesting scientific and
educational applications. (Cardiol ] 2023; 30, 1: 6-11)

Key words: percutaneous coronary intervention, coronary heart disease, chronic total
occlusion, bifurcation lesion

Address for correspondence: OFA Prof. Juan Luis Gutiérrez-Chico, MD, PhD, FESC, FACC, Head of Interventional
Cardiology, Bundeswehrzentralkrankenhaus, Riibenacherstrafie 170, 56072 — Koblenz, Germany, tel: +49 (0) 26128121610,
+34 615 319370, e-mail: JuanGutierrezChico@bundeswehr.org; Juanluis.gutierrezchico@ictra.es

Received: 28.05.2022 Accepted: 19.10.2022 Early publication date: 7.12.2022

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to download
articles and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.

6 www.cardiologyjournal.org


https://orcid.org/0000-0002-0812-7925
https://orcid.org/0000-0002-9332-4236
https://orcid.org/0000-0002-2316-3107
https://orcid.org/0000-0002-8740-4862
https://orcid.org/0000-0003-2630-5016
https://orcid.org/0000-0003-2958-361X
https://orcid.org/0000-0002-2311-1024
https://orcid.org/0000-0001-7844-9447
https://orcid.org/0000-0001-8955-0081
https://orcid.org/0000-0002-1924-5804
https://orcid.org/0000-0001-8119-8941

Introduction

Percutaneous coronary intervention (PCI) of
chronic total occlusions (CTO) has recently under-
gone substantial technical progress and standardi-
zation, improving safety and procedural success
rates [1]. Nonetheless, some specific anatomic
scenarios, like coronary bifurcations lesions (CBL),
still pose an additional challenge for CTO-PCI
[2, 3]. Several groups of experts are currently
undertaking a remarkable academic effort to stand-
ardize the procedures and to generate scientific
evidence on this complex topic, which combines
all the methodological nuisances of both frontiers
in coronary interventions: CBL and CTO. This
endeavor would certainly benefit from a standard
consensus to classify CTO-CBL in order to homog-
enize the collection of data and the description of
procedures for scientific and educational purposes.

The European Bifurcation Club (EBC) adopted
the Medina classification [4] for bifurcation le-
sions in 2008 [5], which became a cornerstone in
most studies and workshops about bifurcations
worldwide. Although this pragmatic classification
has proven to be methodologically convenient and
successful to sort out and to characterize conven-
tional CBL, it entails substantial limitations for
CTO-CBL, thus losing meaning and utility in this
specific anatomic subset. A modified Medina clas-
sification is hereby proposed to properly categorize
CTO-CBL in a meaningful and pragmatic way for
scientific and didactic purposes. This Medina-CTO
classification stems from the consensus between
selected experts from the EBC and EuroCTO club.

Methods

Explanation of the Medina-CTO
classification

Bifurcation is defined according to the con-
sensus of the EBC and the Academic Research
Consortium as a significant division of a major epi-
cardial coronary artery, with a relevant side branch
(SB) [5-7]. A relevant SB is operationally defined
as a vessel that the operator wants to preserve.
Likewise, the operator can appoint the arteries as
main vessel (MV) or SB according to anatomical or
functional criteria [5, 6]. The Medina classification
consists of three digits, which represent the athero-
sclerotic involvement of the proximal main vessel
(PMV), distal main vessel (DMV), and the SB, in
this sequence [4]. Each number can dichotomously
take two possible values: 0 if not involved, or 1 if in-
volved [4]. A CTO at a CBL is considered whenever
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a totally occluded vessel, for > 3 months, is located
within 5 mm of the carina of the bifurcation [8].
The Medina-CTO classification adds a subscript
to the digit/s representing the segment/s that is/
/are totally occluded. These subscripts describe
the CTO cap from an interventional perspective
and can take the following values:

— t — tapered;

— b —blunt;

— a— ambiguous.

The cap is defined as the portion of the athero-
sclerotic plaque where the occlusion begins, consid-
ered either in an antegrade or retrograde direction [8].
A tapered cap is defined as a clearly locatable cap in an-
giography, with the presence of any funnel, dimple, or
channel indicating the direction of the true lumen [8].
A blunt cap is defined as a clearly locatable cap with-
out presence of any funnel, dimple, or channel [8]. An
ambiguous cap is defined as a cap perfectly levelled
at the carina, so it is not possible to identify its exact
location in angiography [8].

Directionality for the cap description

The subscripts will always describe the cap in
an antegrade direction (proximal cap), except in the
case of occlusion of the 3 segments of the bifurca-
tion (trisegmentary occlusion); in this case, the
subscript corresponding to the PMV will describe
the cap in an antegrade direction (proximal cap),
while the subscripts of the other segments will de-
scribe the cap in a retrograde direction (distal caps).

Additional nomenclature for scientific studies
For scientific studies, the classification might

modify the notation to facilitate the grouping of

lesions according to the investigational goals:

— Digits can be substituted by X, meaning that
lesions coded as 0 or 1 in that specific segment
can be grouped together in the category;

— Subscripts can be substituted by x, meaning
that all types of cap, coded as t, b, or a, can be
grouped together in the category.

Number of basic categories

Basic categories are those in which each
segment is fully described, while the rest can be
considered grouping categories. According to this
definition, each digit of the Medina triplet can
take 5 possible values in basic categories, namely
0,1, 1, 1,, and 1,. This might mathematically result
in a total number of categories corresponding to varia-
tions with repetition of 5 elements grouped by 3 (VR:):

VR =5 =125
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Figure 1. Medina-chronic total occlusion classification,
basic categories, monosegmentary lesions (only 1 seg-
ment of the bifurcation occluded).

To minimize the number of basic categories,
some pragmatic and empiric rules were defined:
1. Categories containing no CTO, corresponding

to the original Medina classification, or without

atherosclerosis (000) are disregarded for the
current Medina-CTO classification;

2. No ambiguous cap can be reported at the
proximal MV (first digit);

3. If2segments are totally occluded and the PMV
is one of them, this is by definition a CTO
involving the 3 segments of the bifurcation,
and it must be reported as such.

4. Occlusion of 2 segments is only possible if
these segments are the DMV and the SB. In
this circumstance, an ambiguous cap can be
only reported in 1 segment;

5. If the 3 segments of the bifurcation are oc-
cluded, then no ambiguous cap can be reported
in any segment.

Figure 2. Medina-chronic total occlusion classifica-
tion, basic categories, bisegmentary (2 segments of
the bifurcation occluded), and trisegmentary lesions (all
3 segments of the bifurcation occluded).

Following these rules, the total number of
basic categories of the classification is 56, dis-
tributed as 32 monosegmentary lesions, 16 bi-
segmentary lesions, and 8 trisegmentary lesions
(Figs. 1, 2). Some examples of CTO-CBL classi-
fied according to Medina-CTO are presented in
Figure 3.

Double, triple, and multiple CTO
bifurcation lesions

High-volume CTO operators are often con-
fronted with CTO extending between 2 or more
bifurcations (Fig. 4). In such cases, the correct
way of classifying the lesion would be to describe
the bifurcations from proximal to distal, linked by
central dashes (Fig. 3). The Medina-CTO descrip-
tion includes sufficient detailed information to infer
whether each bifurcation is proximal, central, or
distal to the CTO.
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Figure 3. Examples of chronic total occlusion (CTO) bifurcations classified after Medina-CTO. A. CTO of the postero-
lateral stem, with a blunt stump (001,); B, B’. CTO of the proximal right coronary artery, extending beyond the crux
cordis, with blunt stump antegradely, blunt stump in the posterior descending artery retrogradely, and tapered stump
retrogradely in the posterolateral (1,1,1,); C. CTO of the proximal left anterior descending with ambiguous cap (01,0);
D. CTO of the proximal left circumflex with ambiguous cap (001,); E. CTO of the distal left circumflex with tapered

stump and atherosclerotic disease in all segments (11,1).

In multiple CTO bifurcations, the digit cor-
responding to the occluded segment of the first
bifurcation CTO must be the same as the first digit
of the next bifurcation of the sequence, because the
occluded segment of the first bifurcation becomes
the PMYV of the subsequent one in the series. The
only exception happens if the proximal bifurcation
contains an ambiguous cap (i.e. X1,X or XX1,); be-
cause the categories 1, XX do not exist, the cap of
the distal CTO-CBL should be described as 1, XX if
needed (i.e. X1,X-1,XX or XX1,-1,XX; Fig. 4C, D).

Discussion

Interest in CBL in the setting of CTO is
progressively growing among interventional car-
diologists, paralleling the evolution of dedicated
devices, tools, and techniques. Previous studies
have classified CTO-CBL into three categories:
bifurcation at the proximal part of the CTO, in the
middle part of the CTO, or at the distal part of the
CTO [9, 10]. This approach, dubbed trichotomous
classification, has been instrumental in initiating

some systematization in this challenging field.
Its appealing simplicity confers the trichotomous
classification an advantage for a wide acceptance;
however, it might disregard a lot of crucial details
that are important in planning the initial strategy or
to select lesions for specific studies, thus appearing
as insufficient to accommodate current specializa-
tion and diversification of interventionism in this
specific topic.

The Medina-CTO classification is intended
to overcome these limitations and further refine
the standardization of PCI in CTO bifurcations. It
1s compatible with the trichotomous classification
(proximal-middle-distal) of previous studies [9, 10],
while adding information about the atherosclerotic in-
volvement of the different bifurcation segments, plus
some relevant features to decide the initial strategy.
In this way, a detailed pragmatic description can be
provided, while keeping a discrete limited number
of categories, which is important for data analysis.

The classification also enables an escalating
thoroughness of the description, adjusting to the
specific requirements of the study, by means of the
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Figure 4. Examples of double chronic total occlusion (CTO) bifurcation lesions. The CTO (yellow dotted line) ex-
tends from a bifurcation at the proximal cap (white arrow) to another bifurcation at the distal cap (red arrow). In
these cases, the lesion should be labelled as double CTO-coronary bifurcation lesion (CBL), describing the proximal
CBL, followed by the distal CBL linked with a central dash: A. (01,0-1,00); B. (01,0-1,00). Notice that the digit cor-
responding to the occluded segment of the proximal bifuraction should be the same as the first digit of the distal
bifurcation because the occluded segment of the former becomes the proximal main vessel of the latter (A, B).
The only exception occurs in the presence of an ambiguous cap in the proximal bifurcation (C, D): in this case, the
first digit of the second bifurcation will be labelled as 1, because the categories 1,XX do not exist: C. (001,-1,00);

D. (01,0-1,00).

grouping elements, namely the X digit (i.e., mean-
ing that the segment can indistinctively take the
value 0 or 1) and the subscript x (i.e., meaning that
the subscript can indistinctively take the values
t, b, or a). These elements allow us to group differ-
ent types of lesions according to different criteria
in a highly versatile way. From a statistical point
of view, these elements are easy to implement
into a structured database and subsequently ease
the analysis of large registries and studies. For
instance, a study about a double-lumen catheter

that is useful for multisegmentary CTO lesions
with proximal blunt stump will specifically recruit
1,1,1, lesions if the investigators consider that the
retrograde cap in distal segments plays no role.
However, if the investigators describe a hybrid
ante-retrograde technique requiring tapered cap in
all segments, then the study should recruit 1,11,
lesions. Likewise, a device considered useful for
lesions with blunt proximal cap, irrespective of
the involvement of other segments, should recruit
1, XX, 1,1,1,, X1.X, X1,1,, XX1,, and X1,1, lesions.
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Limitations of the study

As compared with the classical Medina clas-
sification for bifurcation lesions [4], the number
of categories in the Medina-CTO classification is
substantially higher (8 vs. 56, respectively). Future
prevalence studies might eventually help to improve
and simplify this initial proposal. In that case, the
versatility of Medina-CTO with its grouping elements
will grant a gentle transition between future updates.

Calcification is also acknowledged as a relevant
prognostic feature, exerting a powerful influence
on the choice of the material and the specific inter-
ventional technique. The authors have extensively
debated the convenience of adding calcium as an
additional feature of this Medina-CTO, and finally
decided not to incorporate it into this classification,
in order to keep a reasonable number of categories.
However, it can be used as an optional descriptor
for clinical or interventional purposes which, com-
bined with the anatomical Medina-CTO depiction,
might help to estimate the likelihood of success or
the prognosis.

Both Medina [4] and Medina-CTO classifica-
tions rely on the vague concept of atherosclerotic
“involvement” of the different segments of the
bifurcation. This approach entails a considerable
component of subjectivity and hence variability in
the assessment. Some studies have even highlighted
the discrepancy between angiography and other
intravascular imaging modalities in typifying bifur-
cations, thus proposing concepts like the “optical
Medina” classification [11]. These drawbacks are
common to other consolidated systems, which have
however proven to be instrumental for scientific and
didactic purposes in non-CTO bifurcations [5, 6].

Conclusions

The Medina-CTO classification, consisting of
adding a subscript describing the basic character-
istics of the cap to the totally occluded segment/s
in the standard Medina triplet might be a useful
methodological tool to standardize percutaneous
intervention of bifurcational CTO lesions, with
interesting scientific and educational applications.
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