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Strength and limitations of this study

 ► This is the first study comparing the effect of a new 
two- stent technique called reverse T and Protrusion 
with the standard treatment (double kissing crush) 
for bifurcation coronary lesions.

 ► Allocation is performed in a randomised fashion.
 ► Angiographic assessment is implemented by post-
stenting optical coherence tomographic (OCT) imag-
ing to maximally optimise the final result.

 ► This is a small study with an insufficient sample size 
to address clinical end points, such as mortality and 
myocardial infarction.

 ► Blinding at the time of treatment is not feasible; 
however, OCT imaging will be analysed by blinded 
personnel.

AbStrACt
Introduction To assess the impact of ‘reverse T and 
Protrusion’ (TAP) technique on the outcome after stenting 
of true bifurcation lesions of the left main (LM) or proximal 
epicardial vessels as compared with double kissing (DK)- 
crush technique.
Methods and analysis 50 consecutive patients with 
true coronary bifurcation lesion (Medina 1,1,1 or 0,1,1) 
of the LM or the proximal main vessels, requiring a two- 
stent technique as first- line strategy at University Medical 
Center Mainz, are randomised in a 1:1 ratio to reverse 
TAP or DK- crush stenting. As recommended by best 
clinical practice, final angiographic result is evaluated 
and optical coherence tomographic (OCT) intracoronary 
imaging is performed to assess and optimise the final 
result. The primary end point is defined as the percentage 
of stent expansion in the side branch. Secondary end 
points consist of angiographic and procedural success 
(assessed until patient’s discharge), procedural parameters 
(procedural time, fluoroscopy time, use of devices, X- ray 
dose) and OCT parameters expressing expansion of the 
stents. Safety parameters include all adverse events up 
to 6 months after discharge. A clinical, angiographic and 
intracoronary imaging control at 6 months is planned.
Ethics and dissemination The protocol complies with 
good clinical practice and the ethical principles described 
in the Declaration of Helsinki and is approved by the 
local ethics committee. The results of the trial will be 
published as original article(s) in medical journals and/or 
as presentation at congresses.
trial registration number  ClinicalTrials. gov Registry 
(NCT03714750)

bACkground
Coronary bifurcations are a typical challenge 
of percutaneous coronary interventions 
(PCI).

With the introduction of drug eluting 
stents, the long- term outcome of these inter-
ventions has dramatically improved, justi-
fying also the use of double- stent techniques, 
which in the era of bare metal stents were 

prone to an unacceptably high risk of rest-
enosis.1–3 An important role in bifurcation 
treatment is played by the technique used for 
implanting the stents. Provisional stenting 
(PS) is the simplest and most adopted 
technique for bifurcations, and it can be 
described as stenting in the main branch 
(MB) and only balloon angioplasty (percu-
taneous coronary angioplasty (PTCA)) of 
the side branch (SB). In this approach, SB 
stenting is performed only if the result at the 
ostium is suboptimal after PTCA, as defined 
by thrombolysis in myocardial infarction 
flow <3 or greater than type B dissection 
or a higher grade residual stenosis. In the 
EXCEL (Evaluation of XIENCE versus Coro-
nary Artery Bypass Surgery for Effectiveness 
of Left Main Revascularization) trial, which 
randomised 1905 patients with unprotected 
left main (LM) disease and low or interme-
diate SYNTAX (Synergy Between Percuta-
neous Coronary Intervention With Taxus 
and Cardiac Surgery) scores to PCI with a 
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second- generation everolimus- eluting stents versus 
coronary artery bypass grafting (CABG), most patients 
were treated with PS.4 The results showed that PCI with 
everolimus- eluting stents was non- inferior to CABG with 
respect to the composite end point of death, stroke or 
myocardial infarction at 3 years, superior with regards to 
major events (eg, arrhythmias and bleeding) but inferior 
in terms of ischaemia- driven revascularisation during 
follow- up (in 12.6% vs 7.5% of the patients, p<0.001), 
which was probably due to the stenting technique used. 
Moreover, PS appears to be not effective when the SB is 
>2.5 mm, with >50% stenosis extending >5 mm beyond 
the ostium. In this case, a two- stent technique is usually 
considered. Two- stent techniques are more complex, and 
the literature offers a wide range of theoretical options 
as summarised by the Main, Across, Distal, Side classifica-
tion.5 Of these, the one with the most promising results 
appear to be the so- called double kissing (DK)- crush 
technique, which consists of the following steps: stenting 
the SB (with 1–2 mm protrusion in the MB), SB stent 
balloon crush (with a balloon placed in the MB), prox-
imal rewiring of SB access through the crushed stent, 
first kissing balloon inflation (KBI), MB stenting across 
the SB after SB wire is removed, proximal optimising 
technique (POT), second SB rewiring (through the MB 
stent), second KBI and final re- POT.6 7 In the DK- crush V 
trial, compared with PS, DK crush was superior in terms 
of target lesion failure (TLF) (HR: 0.42; 95% CI: 0.21 to 
0.85; p=0.02), target vessel myocardial infarction (2.9% vs 
0.4%; p=0.03) and definite or probable stent thrombosis 
(ST) (3.3% vs 0.4%; p=0.02).8

For non- LM lesions, PS has been shown to be non- 
inferior or even superior to a planned two- stent approach 
consisting of T- stenting, crush or culotte stenting in most 
randomised trials.9 10 In contrast, the DK crush (also 
double- stent, but resulting in better lesion coverage) 
resulted in lower rates of target lesion revascularisation 
(TLR) compared with PS in non- LM coronary bifurcation 
lesions.11 In the DK crush II study, at 5 years, the major 
adverse cardiac event rate (23.8%) in the PS group was 
insignificantly different to that of the DK- crush group 
(15.7%; p=0.051). However, the difference in the TLR 
rate between two groups was sustained through the 5- year 
follow- up (16.2% vs 8.6%; p=0.027).12 As compared with 
traditional two- stent techniques, DK crush is superior 
in terms of ST and composite major adverse cardiac 
events.13 14 Moreover, particular attention has to be 
focused on unprotected LM bifurcation lesions, since 
these patients present a significantly higher daily risk 
of events after PCI,15 and an optimal stenting strategy is 
crucial to guarantee the best clinical result.

Based on the above evidence, although a trial comparing 
DK crush with CABG has not yet been performed, DK 
crush is considered to be the gold standard for bifurca-
tion stenting. DK crush has however important limita-
tions: first, it requires two rewiring procedures. This 
procedure can be complex, may require time and mate-
rials, involves elevated X- ray exposure and potentially 

exposes the patient to the complications associated with 
prolonged manipulation, including a risk of intraproce-
dural thrombosis, vessel dissection and a higher dose of 
contrast medium. Second, it still involves crushing of the 
SB stent, resulting in three layers of metal at the level of 
the bifurcation. To date, no data on the reverse T and 
Protrusion (TAP) technique (a modified two- stent tech-
nique) are available in literature.

The study being proposed therefore will assess the 
impact of a modified stenting technique (called reverse 
TAP) on the outcome after stenting of true bifurcation 
lesions (Medina type 1,1,1 or 0,1,1) of the LM or prox-
imal epicardial vessels. Patients enrolled are randomly 
allocated to either a DK- crush or modified reverse TAP 
strategy.

Aim of the study
The aim of this study is to assess the impact of reverse 
TAP on the outcome after stenting of true bifurcation 
lesions (Medina type 1,1,1 or 0,1,1) of the LM or prox-
imal epicardial vessels (left anterior descending coronary 
artery (LAD) of left circumflex artery (LCX)). Results are 
compared with the standard technique for bifurcation 
treatment, namely DK crush. These findings may provide 
new recommendation on which two- stent technique is 
associated with the best result.

MEthodS/dESIgn
This study is a single- centre, randomised equivalence trial 
to compare two- stent strategies for the treatment of coro-
nary bifurcation lesions, conducted in the catheterisation 
laboratory of the Kardiologie I, University Medical Center 
Mainz, Germany. Expansion to two other laboratories is 
planned.

Fifty consecutive patients with LM or LAD/LCX coro-
nary bifurcation lesions with an indication to percu-
taneous revascularisation (both acute and elective 
presentations) are assigned in a 1:1 ratio to one of the 
two two- stent technique described below.

Patients must meet all of the inclusion criteria: age ≥18; 
ability to give informed consent, documented heart team 
(as per guidelines) decision for revascularisation via PCI; 
planned PCI for a bifurcation stenosis with both branches 
>2.5 mm, but ≤5.0 mm, and with a stenosis >50% and 
indication to revascularisation including ischaemic symp-
toms, positive non- invasive imaging for ischaemia or posi-
tive fractional flow reserve (FFR) <0.8 or minimal lumpen 
area <6 mm² for the LM or <4 mm² for epicardial vessels; 
true bifurcation lesion Medina type 1,1,1 or 0,1,1.

Patients will be excluded if any of the following criteria 
applies: cardiogenic shock as clinical presentation; trifur-
cation if all vessels are ≥2.75 mm diameter; either bifurca-
tion vessel not suitable for stenting; history of stenting in 
target bifurcation lesion; participation in another inves-
tigational drug or device study; women of childbearing 
potential or lactating and patient unable to give informed 
consent.
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Figure 1 Steps of reverse TAP technique. (A) SB and MB 
wiring; (B–D) SB stenting; (E) sequential balloon inflation in 
SB and MB; (F, G) MB stenting; (H) SB wire removal; (I) MB 
POT; (J) SB rewiring; (K) KBI; (L) final POT and (M) final result. 
The main differences compared with DK crush are highlighted 
with red boxes and consist of the minimal protrusion of SB 
stent in MB, avoiding a double layer of struts in the proximal 
MB (in C), sequential balloon inflation in SB and MB (in E) 
instead of the first KBI in DK crush and the possibility to 
keep in position the SB wire while MB stenting (in G) with the 
need of only one SB rewire during the entire procedure (in G) 
compared with the two SB rewiring requested in DK crush. 
DK, double kissing; KBI, kissing balloon inflation; MB, main 
branch; POT, proximal optimising technique; reverse TAP, 
reverse T and Protrusion; SB, side branch;

After stenting of MB and SB, final result is assessed by 
optical coherence tomography (OCT) imaging.

All end points that are relevant for this study are 
collected at the time of the procedure and at the time of 
patient’s discharge. As per clinical routine, most patients 
undergo a clinical visit and angiography, including intra-
coronary imaging, at 6 months after stenting. These data 
will be collected as additional information on the occur-
rence of complications after the procedure only for the 
purpose of safety.

The SPIRIT checklist16 for reporting a clinical trial was 
used. Data acquisition started in October 2018. The dura-
tion of this study is expected to be 18 months.

reverse tAP technique
A scheme of the reverse TAP is shown in figure 1 with 
the most relevant differences as compared with DK crush 
emphasised with red boxes.

Reverse TAP technique adopted in this study requires 
in sequence the following steps:
1. Wiring of both SB and MB (figure 1A).
2. SB stenting with minimal protrusion of the stent in 

the MB (figure 1B–D). As such, the amount of crush 
is minimised (avoiding crush of the entire SB stent on 
the lateral wall of the MB proximal to the bifurcation). 
This limits the amount of protruding metal, a potential 
source of ST. Also, the absence of complete crushing 
allows continuing the procedure without having to 
perform an additional wiring. This could be anoth-
er advantage of the technique since rewiring may be 
sometimes complicated (or impossible), translating in 
increased need of contrast medium, procedural time 
and materials.17

3. Sequential balloon inflation in SB and MB with final 
minimal crush of SB stent (figure 1E). The sequential 

balloon inflations allow the homogeneous distribution 
of the struts along the circumference of the ostium, 
which again limits the amount of metal in the MB. 
Also, the sequential dilation reduces the chance that 
the MB stent remains trapped in the SB stent when 
being advanced.17 The absence of complete crush also 
allows maintaining the SB wire until after implantation 
of the MB stent. This improves the chance of patency 
of the SB.

4. MB stenting, without removing the SB wire (fig-
ure 1F,G).

5. SB wire removal and POT of MB (figure 1H,I).
6. SB rewiring and KBI (figure 1J,K).
7. Final POT (figure 1L).

dk-crush technique
As previously described (see the Background section).

Study setting
The University Medical Center Mainz is a high- volume 
tertiary clinic. Experienced interventional cardiologists 
perform invasive exams. OCT images are assessed by 
experienced cardiologists and fellows.

Study intervention
Investigation medical product
Patients will be randomised to one of two groups:
1. Reverse TAP technique (experimental group).
2. DK- crush technique (control group).

All patients will undergo OCT imaging after bifurca-
tion stenting.

A scheme of this study is presented in figure 2.
For this study, the following two- stent types will be used 

exclusively, both having a CE mark:
1. XIENCE PRO Everolimus- eluting Coronary and 

Peripheral Stent Systems, Abbott Vascular, Santa Clara 
California, CE no 632 827.

2. CoroflexISAR and CoroflexISAR Neo by B. Braun 
Melsungen AG, Melsungen, Germany, CE no 39.05.657.

OCT catheter used is OPTIS DragonFly Abbott Vascular, 
Santa Clara, USA.

Study end points
Primary end point
1. The primary end point is the percentage of stent ex-

pansion in the SB as assessed by OCT. Stent expansion 
is described as the ratio of the minimum stent area of 
the SB and the maximum stent area of the SB. Ostial 
SB is defined as the proximal 3 mm segment of the 
vessel.

Since OCT analysis will be performed offline, the 
primary end point per se will not be a reason for further 
treatment during the index procedure.

Secondary end points
Secondary outcomes include:
1. Fluoroscopy and procedural time.
2. Number of coronary wires used.
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Figure 2 Overview of the study. DK, double kissing; FFR, fractional flow reserve; OCT, optical coherence tomography; PCI, 
percutaneous coronary interventions; reverse TAP, reverse T and Protrusion.

3. Protocol success (defined if intervention is performed 
according to the protocol, including final KBI).

4. Minimum lumen diameter and percentage of stenosis 
diameter in the MB and the SB, assessed at quantitative 
coronary angiography (QCA) analysis.

5. Procedural success as defined by angiographic success 
(no residual stenosis >20% at the end of the interven-
tion) and no periprocedural complications including 
ST elevation myocardial infarction, new Q- wave myo-
cardial infarction, death, ST, CABG or periprocedural 
cardiac biomarker release at discharge.

6. OCT end points (all measured in the MB and SB): av-
erage Stent Eccentricity Index, calculated as the ratio 
of the minimum to maximum stent diameter; mini-
mum and mean lumen diameter; minimum and mean 
lumen area.

Analysis of oCt data
OCT data are analysed offline using QCU- CMS V.4-69 
(Leiden University Medical Center in cooperation with 
MEDIS, Leiden). Stented segments each with 0.5 mm 
through the entire length are assessed, measuring manu-
ally diameters and areas.

randomisation
Consecutive patients are randomised. Randomisation is 
done in a 1:1 ratio using blocks (each block 10 exams) 
without stratification. Randomisation is done by using 
a computer- generated random sequence (Medcalc, 
Mariakerke, Belgium). Randomisation is performed 
during interventional procedure, after wiring both MB 
and SB. In case bifurcation treatment is not feasible at 
all or according to randomisation indicated technique, 

patient is excluded from this study and is considered a 
screening failure.

Selection and withdrawal
Recruitment
Patient recruitment is performed within the patients 
treated at the Kardiologie I of the Universitätsmedizin 
Mainz. Patients planned (based on clinical indication and 
current guidelines, including a documented heart team 
consensus) for PCI of the LM or an LM- equivalent lesion 
will be asked for interest in study participation. Consent 
will be obtained by study physicians before beginning of 
the procedure.

Withdrawal criteria
Patients can withdraw from this study at any time.

In case bifurcation treatment is not feasible with one or 
both of the study techniques, the patient is excluded from 
this study and is considered a screening failure.

Informed consent
All patients will sign a consent in which the nature of the 
experimental and control groups is clearly explained. 
All patient data are pseudonymised and collected by 
this study team. Since all procedures belong to clinical 
standards, there are no additional risks/implications 
connected with the participation in this study.

Statistics
Statistical analysis will be performed with R and Medcalc 
(Mariakerke, Belgium).

OCT and QCA parameters will be compared after final 
kissing balloon using analysis of covariance using the 
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absolute vessel diameter as covariate. Significance will 
be determined after multiple pairwise comparisons with 
the Bonferroni post- hoc test. Data will be presented as 
mean±SD or median (IQR); a p value <0.05 will be consid-
ered statistically significant for the primary end point.

For the secondary procedural end points, the Mann- 
Whitney U test will be used. All secondary end points 
will be analysed by descriptive statistics and appropriate 
exploratory p values.

Power calculation
The power calculation is based on the data of comparing 
traditional crush with DK crush.18 Primary end point of 
this study is percentage of stent expansion in the SB. 
The study by Shan et al18 reported a 72% expansion in 
the DK crush as compared with 53% in the traditional 
crush group with SD expansion rates of 11.5% and 
13.5%, respectively. Our study is designed as a continuous 
outcome equivalence trial assuming an SD of 11% and 
equivalence limit of 11%, that is, 50% of the advantage of 
DK crush versus traditional crush. If there is no difference 
between the standard (DK crush) and experimental arm, 
then 44 patients would be required for a power of 90% to 
exclude a difference in means of more than 11%, given 
a two- sided CI of 90%. Assuming an attrition (including 
impossibility to cross the bifurcation with the OCT cath-
eter) of ~15%, we planned to recruit 50 patients.

Analysis populations
All procedures that are assigned a randomisation number 
are considered as enrolled/randomised procedures.

This study, which is not designed or powered to test 
clinical end points, has an OCT end point as primary end 
point. The following events will however be recorded, as 
they represent the standard clinical end points that are 
assessed to determine the safety and outcome after inter-
ventional procedures. All clinical data will be collected at 
discharge from hospital and at the 6- month clinical visit, 
which is recommended to all patients who underwent 
intervention of complex lesions and a standard proce-
dure in patients undergoing LM or complex bifurcation 
stenting.

Efficacy analyses
The primary analysis will be on the per- protocol principle 
(ie, including all patients who are not protocol violators). 
A separate analysis will be performed on an intention- to- 
treat basis (ie, all randomised patients randomised to a 
treatment arm).

Safety analyses
The procedures related to this study do not interfere with 
normal routine in the catheterisation laboratory. Risks 
are linked with any of the two intracoronary procedures 
and a difference between the two groups is not expected.

Periprocedural cardiac biomarker release is defined 
as19:
1. In patients undergoing PCI with normal (≤99th 

percentile URL) baseline cardiac troponin (cTn) 

concentrations, elevations of cTn >5 times the 99th 
percentile URL occurring within 48 hours of the 
procedure.

2. In patients undergoing PCI with elevated baseline, cTn 
values and two measures are available showing stable 
or falling values, a rise of >20% after PCI.

3. In patients with elevated cTn levels before PCI and 
raising cTn or only one cTn value available, this end 
point cannot be evaluated.

Other safety end points to be analysed at discharge and 
at 6 months (standard planned clinical interview):
1. TLF, defined as a composite of cardiovascular death, 

target- vessel myocardial infarction.
2. TLR: any (including attempted) repeat revasculari-

sation with either balloon angioplasty or stenting, or 
CABG, within the previous treated vessel segment in-
cluding the 5 mm proximal or distal. Where there is 
doubt about the need for reintervention, physicians 
are strongly recommended to use FFR of invasive im-
aging to ascertain whether reintervention is required.

3. Death: cause of death should be recorded. Cause of 
death will be considered cardiac unless specified oth-
erwise. In the primary analysis, all deaths will be com-
pared. The coordinating site must be notified of a pa-
tient’s death within 3 days of its knowledge. Data relat-
ed to the patient’s death should be recorded. A copy 
of the death certificate with anonymised study identi-
fication number but with the patient’s name removed 
should be sent to the coordinating site within 3 weeks 
of the patient’s death. Postmortem results if available 
should be followed as soon as possible.

4. Cardiac death: any death due to proximate cardiac 
cause (eg, myocardial infarction, low- output failure, 
fatal arrhythmia), unwitnessed death and death of un-
known cause and all procedure- related deaths, includ-
ing those related to concomitant treatment.

5. Vascular death: death caused by non- coronary vascu-
lar causes, such as cerebrovascular disease, pulmonary 
embolism, ruptured aortic aneurysm, dissecting aneu-
rysm or other vascular diseases.

6. Non- cardiovascular death: any death not covered by 
the above definitions, such as death caused by infec-
tion, malignancy, sepsis, pulmonary causes, accident, 
suicide or trauma.

7. Clinically relevant myocardial infarction. The Universal 
definition of Myocardial Infarction (Revision 2013) 
will be used to define clinically relevant myocardial in-
farction in this study.20

Periprocedural myocardial infarction is defined as: in 
patients with normal baseline creatinin- phosphokinase 
(CK- MB), the peak CK- MB measured within 48 hours 
of the procedure rises to ≥10 times the local laboratory 
upper limit of normality (ULN), or to ≥5 times ULN with 
new pathological Q- waves in ≥2 contiguous leads or new 
persistent left bundle branch block (LBBB), or in the 
absence of CK- MB measurements and a normal baseline 
cTn, a cTn (I or T) level measured within 48 hours of the 
PCI rises to ≥70 times the local laboratory ULN, or ≥35 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2019-034264 on 16 June 2020. D

ow
nloaded from

 

http://bmjopen.bmj.com/


6 Rakhimov K, et al. BMJ Open 2020;10:e034264. doi:10.1136/bmjopen-2019-034264

Open access 

times ULN with new pathologic Q- waves in ≥2 contiguous 
leads or new persistent LBBB; in patients with elevated 
baseline CK- MB (or cTn) in whom the biomarker levels 
are stable or falling, the CK- MB (or cTn) rises by an abso-
lute increment equal to those levels recommended above 
from the most recent preprocedure level and in patients 
with elevated CK- MB (or cTn) in whom the biomarker 
levels have not been shown to be stable or falling, the 
CK- MB (or cTn) rises by an absolute increment equal to 
those levels recommended above plus new ST- segment 
elevation or depression plus signs consistent with a clin-
ically relevant myocardial infarction (MI), such as new 
onset, worsening heart failure or sustained hypotension.

Confidentiality
Patient data will be pseudonymised and collected by this 
study team. Pseudonymised patient data will be stored 
digitally on an external hard drive not connected to the 
clinical intranet and accessible only to the members of 
this study team. After 10 years of storage, data will be 
destroyed. It is not intended to give study participants’ 
data to a third party. All data will be analysed after the 
last patient is discharged from index hospitalisation. 
No interim analysis is intended. However, a Data Safety 
Monitoring Board consisting of two physicians not affili-
ated with this study will monitor the safety of the subjects 
throughout this study. In case a study participant with-
draws consent after having his data collected from him, 
the patient’s data will be anonymised.

Patient and public involvement
No patient involved in the design of this study.

Ethics and dissemination
The protocol was approved by the ethics committee of 
the local Landesärztekammer (2018-13441- KliFo). The 
procedures set out in this trial protocol, pertaining to the 
conduct, evaluation and documentation of this trial, are 
designed to ensure that all persons involved in the trial 
abide by good clinical practice (GCP) and the ethical prin-
ciples described in the Declaration of Helsinki. The trial 
is carried out in keeping with local legal and regulatory 
requirements. The requirements of the Arzneimittelge-
setz, the GCP regulation and the Federal Data Protection 
Law are kept.

Publication resulting from this study will require the 
approval of the co- authors. The results of the trial will be 
published as original article(s) in medical journals and/or 
as presentation at congresses. The principal investigator 
is senior author of this article. He or his delegates will 
present the data at appropriate congresses. The choice 
of the journal for the publication will be made by the 
principal investigator in agreement with the co- authors. 
Besides the principal investigator, a substantial contribu-
tion to the recruitment of subjects, to interpretation of 
the data and/or to drafting the article or revising it quali-
fies for authorship. Source data will be made available on 
justified request.

Audit
Competent authorities and sponsor authorised persons 
(auditor) may request access to all source documents, 
CRF and other trial documentation in case of an inspec-
tion or audit. Direct access to these documents will be 
guaranteed by the principal investigator who will provide 
support at all times for these activities. Source data docu-
ments can be copied during inspection or audit after the 
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