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ABSTRACT

Background: There is controversy concerning the optimal stenting strategy in
distal unprotected left main coronary artery (ULMCA) stenosis.

Aim of The Work: To compare provisional stenting (PS), double kissing
(DK) crush, and T and protrusion (TAP) stenting techniques in distal ULMCA
stenosis.

Patients and Methods: This cohort study enrolled 150 patients scheduled for
percutaneous coronary intervention (PCI) and stenting with PS, TAP, and DK
crush techniques. Quantitative coronary angiography (QCA) assessment was
done for distal left main (LM), left circumflex (LCX), and left anterior
descending (LAD) arteries pre-PCl, post-PCl, and during follow-up.

Results: Post-PCI QCA revealed a significantly higher median percentage of
in-stent residual stenosis in PS compared to TAP and DK crush groups in the
distant LM (3.2% vs. 2 and 2.1%, p=0.001) and proximal LAD (2.5% vs. 1.8
and 2.4%, p=0.022, respectively), but not in LCX (p=0.185). Twelve-months
later, no significant differences of in-stent restenosis percentage in distant LM
and proximal LAD were observed, while the PS group had a significantly
higher in-stent restenosis percentage of proximal LCX (21.5 vs. 12 and 11%,
respectively, p<0.001). The time to revascularization was significantly shorter
in PS than TAP and DK groups (p=0.008).

Conclusion: TAP and DK crush techniques are recommended over PS in
proximal LCX. PS or two-stent techniques can be used in distal LM and
proximal LAD without significant differences in restenosis. Further studies are
needed to confirm the superiority of two-stent techniques over the PS in
individual vessels.

Keywords: provisional stenting; left main coronary artery; two-stenting
technique; percutaneous coronary intervention; quantitative coronary
angiography.
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INTRODUCTION

compare PS, TAP, and DK crush in distal ULMCA
stenting.

Cardiology

The left main coronary artery (LMCA) arises from
the left coronary sinus and gives off two main
branches in most individuals: the left anterior
descending (LAD) and left circumflex (LCX)
arteries. Unprotected LMCA (ULMCA) disease is a
condition of significant LMCA stenosis without
earlier coronary artery bypass surgery (CABG) or
patent bypass grafts of the LAD or LCX arteries.”

The optimal strategy of stenting is a major issue in
treating distal ULMCA stenosis. A small number of
studies addressed this issue. They compared the
available treatment approaches and reported
controversial results> ° For most coronary
bifurcation lesions, the provisional stenting (PS)
technique is recommended. However, the two-stent
techniques could be a better choice for lesions with
diseased large side branch (SB).* The most used two-
stent strategies are T-stenting, T and protrusion
(TAP), culotte, double kissing (DK) crush, and
classic crush techniques.® The present study aimed to
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PATIENTS AND METHODS

The study protocol obtained approval from the Ethics
Committees of both the Faculty of Medicine, Al
Azhar University, Egypt and Kuwait Heart Center,
Chest Disease Hospital, Kuwait. Written consents
were obtained from all participants after receiving
full information about the study. Patients’
confidentiality was maintained by assigning specific
codes to patients and keeping the records
anonymous.

This cohort study included 150 patients who were
enrolled from the chest hospital (Kuwait Heart
Center, a tertiary care referral center for
interventional  cardiology) and Al —Salam
International Hospital in Kuwait from the 1% of May
2018 to the 31 of October 2020.

Patients with distal LM bifurcation lesion were
referred for coronary angiography due to stable or
unstable angina (UA) or non-ST-segment elevation
myocardial infarction (NSTEMI).
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We excluded patients who had cardiogenic shock,
acute STEMI, isolated ostial and midshaft LMCA
stenting, or severely calcified LMCA lesions
requiring atherectomy. Patients who had any
condition preventing compliance to therapy or
prolonged follow-up were also excluded.

for secondary prevention. The patients were
followed-up during their visits to the outpatient clinic
or at ER at 1, 6, and 12 months. For all patients,
follow-up with coronary angiography was scheduled
at 12-months following the index procedure.
Angiograms were obtained in multiple views using

visual analysis and offline quantitative coronary
angiography (QCA) by an expert operator. The usage
of IVUS was according to the operator decision.
Angiography assessed the following: a) lesion length;
b) minimal lumen diameter (MLD); ¢) MB reference
diameter; d) SB reference diameter; and ) MB and
SB TIMI flow before and after the procedure.

We used the SPSS software (v. 26). We used the
Shapiro-Wilk test to assess normality of quantitative
data. We presented the normally distributed data as
mean and standard deviation (SD) and compared
them with one-way analysis of variance test, then
with the post-hoc Tukey’s test if found significant.
Data that were not normally distributed were
presented as median and interquartile range (IQR)
and were compared with the Kruskal-Wallis test,
then by Dunn-Bonferroni test if found significant.
Qualitative data were presented as frequencies, and
group comparison was tested with the Pearson’s Chi-
square or Fisher-Freeman-Halton Exact tests.
Kaplan-Meier analysis was used to assess the effect
of stent technique on time to revascularization.
Significance was adopted at p-value < 0.05.

The patients were divided into two main groups: one
stent group done for 50 patients with PS technique
and two stent groups subdivided into 50 patients with
TAP technique and 50 patients with DK-crush
technique. For both one- and two-stent strategies, we
used the proximal optimization technique (POT) for
all LMCA stents, and post-dilation of all stents with
non-compliant balloons at/or more than 18
atmospheric pressure.

All patients underwent history taking and received
standard PCI periprocedural care according to the
guidelines.

The radial or femoral artery was accessed using the
modified Seldinger technique and a 6F sheath over a
guidewire. Left and right coronary angiography was
carried out. Eligible patients were assigned to PS,
TAP, or DK crush strategy based on the lesion
characteristics and according to the standard
guidelines. Using the intravascular ultrasound
(IVUS) was determined based on the operator
standpoint.

Based on the recent guidelines, all patients received
dual antiplatelet drugs with additional medications

RESULTS

The three groups were comparable regarding patients’ age, sex, and body mass index (all p>0.05). Hypertension
and smoking were significantly less prevalent in the TAP group compared to the PS and DK crush groups
(p=0.004 and 0.009, respectively). Diabetes mellitus (DM) and chronic obstructive pulmonary disease (COPD)
were significantly more prevalent in the DK crush group compared to PS and TAP groups (p=0.010 and 0.009,
respectively). The ejection fraction (EF) was not significantly different among the studied groups (p=0.976). The
most frequent clinical presentation was UA (p=0.127). A significantly greater percentage of patients in the DK
crush group had an SYNTEX | score >32 (60% vs. 20% and 40% in PS and TAP groups, respectively, p<0.001).

The radial approach was used in most patients (p=0.109). Ticagrelor was the most prescribed antiplatelet
medication (p=0.123). No complications were reported in any group. The percentages of stent covered ostial LM
and the use of IVUS did not show significant differences across the groups (p=0.353; Figure 1).

The procedure showed significantly lower success in the PS group when compared to either the TAP or the DK
crush groups as regards the distant LM (97 vs. 97.9 and 98, respectively, p=0.001), and was lower than the TAP
regarding proximal LAD (96.9 vs. 98, p=0.003). We observed no significant difference in procedure success
among the three groups in proximal LCX (p=0.215, Figure 2).

The mean length of MB and SB was significantly shorter in the PS group (p=0.016 and p<0.001, respectively).
The bifurcation angle before PCI was significantly narrower in the DK crush group compared to PS and TAP
groups (p<0.001). The mean pre-PClI MLD and stenosis percentage of distal LM was not significantly different
among the three groups (all p>0.05). Post-procedure, the PS group showed a non-significantly lower mean acute
gain but a significantly greater percentage of in-stent residual stenosis compared to the TAP and DK crush groups
(p=0.002 and p=0.001, respectively; Table 2). Follow-up QCA was not significantly different among the three
groups regarding the net gain or in-stent restenosis (p>0.05).

The mean pre-PCI MLD and stenosis percentage of LAD did not significantly differ across the groups (p>0.05).
Post-procedure, the PS group had a significantly lower mean acute gain (p=0.034) and a higher percentage of in-
stent residual stenosis (p=0.022) than the TAP group. On follow-up, the three groups were comparable regarding
net gain and in-stent restenosis percentage (p>0.05; Table 3).

Before PCI, the PS group showed a significantly higher mean MLD and lower stenosis percentage (p<0.001). Post-
procedure, the mean acute gain was significantly lowest in the PS group, followed by the DK crush, then the TAP
group (p<0.001). We did not observe any significant difference in post-dilatation residual stenosis (p=0.185).
Follow-up revealed that the PS group had a significantly less net gain (p<0.001) as well as a significantly higher
median in-stent restenosis percentage (p<0.001; Table 4) than the two-stent groups which both were comparable.
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Most patients did not experience cardiovascular complaints. However, a slightly higher percentage in the PS group
presented with NSTEMI and UA compared to the other two groups (p=0.233). The use of IVUS was significantly
greater in the PS group (24% vs 8% and 10%, respectively, p=0.043). Target lesion failure (TLF) showed a
significantly greater incidence in the PS group (28% vs. 12 and 8%, respectively, p=0.016). The revascularization
time was shorter in the PS group compared to the TAP and DK groups (p=0.008; table 5). A finding that was
demonstrated also by the Kaplan-Meier time-to-revascularization curves (Figure 3).

Provisional TAP DK crush Test p
(n =50) (n=50) (n=50) statistic
Age (years) Mean = SD 625%7.5 61.5%6.5 60.5+8.4 F =0.908 0.405
(Min-Max) (44.0 - 78.0) (45.0 - 72.0) (42.0 - 78.0)
Gender Female 8 16.0% 5 10.0% 5 10.0% X?=1.136 0.567
Male 42 84.0% 45 90.0% 45 90.0%
BMI Mean = SD 284126 29.1+3.0 28.0+2.2 F=2.275 0.106
(Kg/m?) (Min-Max) (23.7 - 34.3) (23.6 - 35.6) (22.7 - 33.0)
Medical  Dyslipedemic 37 74.0% 26 52.0% 28 56.0% X?=5.755 0.056
history  Hypertension 44 88.0% 30 60.0%$ 39 78.0% X2 = 0.004*
10.835
DM 13 26.0% 14 28.0% 26 52.0%$ X?=9.162 0.010*
Smoker 26 52.0% 16 32.0%$ 31 62.0% X?=9.340 0.009*
PVD 6 12.0% 8 16.0% 8 16.0% X?=0.426 0.808
Prior stroke 3 6.0% 6 12.0% 4 8.0% X?=1.150 0.672
Prior Ml 12 24.0% 11 22.0% 9 18.0% X?=0.556 0.757
Prior PCI 12 24.0% 14 28.0% 9 18.0% X?=1.416 0.493
Prior CABG 0 0.0% 0 0.0% 0 0.0% NA NA
CKD 6 12.0% 6 12.0% 9 18.0% X?=0.997 0.608
COPD/BA 2 4.0% 5 10.0% 12 24.0%$ X?=9.522 0.009*
EF (%) Mean = SD 61.0+9.5 61.0 £15.0 60.6 £11.0 F =0.025 0.976
(Min-Max) (25.0 - 72.0) (25.0 - 78.0) (29.0-72.0)
Clinical NSTEMI 9 18.0% 14 28.0% 17 34.0% X?=7.181 0.127
presentation SA 15 30.0% 14 28.0% 6 12.0%
UA 26 52.0% 22 44.0% 27 54.0%
SYNTEX | <32 40 80.0% 30 60.0% 20 40.0% X? = <0.001*
$ $ 16.667
>32 10 20.0% 20 40.0% 30 60.0%
$ $
Table 1: Baseline characteristics of the studied groups (total n = 150)
a: significant difference from provisional group; b: significant difference from TAP group; c: significant difference
from DK crush group; CABG: coronary artery bypass graft; CKD: chronic kidney disease; COPD: chronic
obstructive pulmonary disease; DM: diabetes mellitus; EF: ejection fraction; F: One-way ANOVA,; IQR:
Interquartile range; Max: maximum; MI: myocardial infarction; Min: minimum; n: number; PCI: percutaneous
coronary intervention; PVD: peripheral vascular disease; SD: standard deviation; X2: Pearson’s Chi-square test/
Fisher-Freeman-Halton exact test; Z: Kruskal-Wallis test; * significant at p<0.05; $: significant difference from the
other groups.
Provisional TAP DK crush Test statistic p
(n =50) (n =50) (n =50)
Pre-PCI Main vessel length 146+51b 17.7+53a 16.1+£54 F=4.278 0.016*
Mean = SD (Min — Max) (8.0-33.0) (8.0-34.0) (7.0-27.0)
Pre-PCI SB lesion length 80+4.0b.c 147+39a 13.4+42a F =37.935 <0.001*
Mean * SD (Min — Max) (4.0 - 16.0) (8.0-23.0) (7.0 - 26.0)
Main Vessel stent length 21.1+£58 21.7+£5.2 19.9+58 F=1.424 0.244
Mean + SD (Min — Max) (12.0 - 38.0) (15.0 - 38.0) (12.0 - 32.0)
Main Vessel. stent diameter 3302 34+0.2 33+0.2 F=2112 0.125
Mean * SD (Min — Max) (3.0-3.5) (3.0-35) (3.0-35)
SB stent length . 156+4.2 16.1+43 F =0.404 0.527
Mean = SD (Min — Max) (8.0 - 23.0) (12.0 - 28.0)
SB stent diameter 29+0.2 2802 F=3.047 0.084
Mean + SD (Min — Max) (25-3.3) (25-3.3)
Bifurcation angle (degrees)
Pre-procedure 82.0c [77.0-90.0] 79.0 ¢ [75.0 - 82.0] 59.5 a,b [55.0 - 66.0] Z =100.276 <0.001*
Median [IQR] (Min — Max) (66.0 - 105.0) (72.0 - 90.0) (49.0 - 69.0)
Post-procedure 79.0 ¢ [74.0 - 87.0] 76.0 ¢ [72.0 - 80.0] 57.0 a,b [53.0 - 64.0] Z =98.624 <0.001*
Median [IQR] (Min — Max) (64.0 - 103.0) (67.0 - 88.0) (47.0 - 68.0)
DISTAL LM
RD 3.8+0.2b,c 39+0.2a 39+0.2a F =3.457 0.034*
Mean £ SD (Min — Max) (3.3-4.2) (3.4-43) (3.5-4.3)
MLD (mm)
Pre-PCI 0.8+0.4 09+0.3 09+0.3 F =1.658 0.196
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Mean + SD (Min — Max) 0.4-1.6) 0.4-1.5) (0.4-15)
Post-PCl 3.7+0.2bc 38+02a 38+02a F=6.620 0.002*
Mean + SD (Min — Max) (3.2-4.0) (3.3-4.3) (3.4-4.3)
Acute gain 28+03 28+0.3 28+0.3 F=0.190 0.827
Mean + SD (Min — Max) (2.0-3.4) (2.4-3.6) (2.4-3.4)
Follow-up 3.1+06 3.2+0.6 3.2+05 F=0.467 0.628
Mean + SD (Min — Max) (1.0-3.8) (0.8-3.9) (1.1-4.0)
Late loss 0.4[0.3-0.6] 0.5[0.3-0.7] 0.4[0.3-0.6] Z=2.833 0.243
Median [IQR] (Min — Max) 0.1-24) (0.2-2.8) 0.2-2.4)
Net gain 2.3+0.6 22%0.6 23%05 F=0.187 0.830
Mean + SD (Min — Max) (0.3-3.0) 0.1-3.4) (0.2-3.0)
Stenosis (%)
Pre-PCI 77.8+9.0 754+6.4 75.6+6.2 F=1.308 0.275
Mean + SD (Min — Max) (60.0 - 89.0) (65.0 - 90.0) (65.0 - 90.0)
Post-PClI 32bc[1.7-41] 2.0a[1.1-31] 21a[1.2-26] Z=13.105 0.001*
Median [IQR] (Min — Max) (0.5-7.8) (0.5-5.2) (0.5-3.9)
Follow-up (in-stent restenosis) 13.0[9.0 - 20.0] 14.0 [11.0 - 20.0] 13.0[11.0-19.0] Z=0.583 0.747
Median [IQR] (Min — Max) (5.0 - 70.0) (7.0-77.0) (5.0 - 70.0)

Table 2: QCA assessment of lesion length (main branch and side branch), bifurcation angle and distal LM (total n
=150)

a: significant difference from provisional group; b: significant difference from TAP group; c: significant difference
from DK crush group; F: One-way ANOVA; IQR: Interquartile range; LAD: left anterior descending; LCX: left
circumflex; LM: left main; Max: maximum; Min: minimum; MLD: minimal lumen diameter; n: number; RD:

reference diameter; SB: side branch; SD: standard deviation; Z: Kruskal-Wallis test; * significant at p<0.05.

Provisional TAP DK crush Test p
(n =50) (n =50) (n =50) statistic
Proximal LAD
RD 33+0.2 3402 3.3+0.2 F=2.804 0.064
Mean + SD (Min — Max) (2.8-3.7) (3.0-3.7) (3.0-3.6)
MLD (mm)
Pre-PCI 0.7+0.2 0.7+0.3 0.6+0.2 F=1.997 0.141
Mean + SD (Min — Max) (0.3-1.1) 0.2-1.1) (0.3-1.1)
Post-PCl 32+0.2b 33+02a 32+0.3 F=4.176 0.017*
Mean * SD (Min — Max) (2.7-3.6) (2.9-3.6) (2.8-3.6)
Acute gain 25x0.2b 26+03a 26+03 F=3474 0.034*
Mean + SD (Min — Max) (2.1-3.0) (2.0-3.2) (1.9-3.1)
Follow-up 2.7+0.6 28%0.5 27+05 F = 0.256 0.775
Mean + SD (Min — Max) (0.8-3.3) (0.7-3.2) (1.1-3.3)
Late loss 0.4[0.2 - 0.6] 0.4[0.3-0.6] 0.4[0.3-0.6] Z=3135 0.209
Median [IQR] (Min — Max) (0.1-2.5) 0.2-2.6) (0.1-1.8)
Net gain 20+05 20+05 21+05 F=0.620 0.540
Mean + SD (Min — Max) (0.2-25) (0.0-2.9) (0.3-2.8)
Stenosis (%) 78.3+6.2 78972 80.4+54 F=1378 0.255
(67.0 - 90.0) (68.0 - 95.0) (67.0 - 90.0)
Pre-PCI 78.3+6.2 78972 80.4+54 F=1.378 0.255
Mean * SD (Min — Max) (67.0 - 90.0) (68.0 - 95.0) (67.0 - 90.0)
Post-PCI 25b[1.6-43] 18a[l1.1-2.8] 24[12-4.0] Z=7.598 0.022*
Median [IQR] (Min — Max) (0.3-10.3) (0.3-4.6) (0.3-7.0)
Follow-up (in-stent restenosis) 14.0 [10.0 - 20.0] 14.0 [12.0 - 20.0] 15.0 [12.0 - 20.0] Z=1.133 0.568
Median [IQR] (Min — Max) (6.0 - 77.0) (8.0 - 80.0) (5.0 - 65.0)

Table (3): QCA assessment of proximal LAD (total n = 150)

a: significant difference from provisional group; b: significant difference from TAP group; c: significant difference
from DK crush group; F: One-way ANOVA; IQR: Interquartile range; LAD: left anterior descending; LCX: left
circumflex; LM: left main; Max: maximum; Min: minimum; MLD: minimal lumen diameter; n: number; SD:

standard deviation; Z: Kruskal-Wallis test; * significant at p<0.05.

Provisional TAP DK crush Test p
(n =50) (n =50) (n =50) statistic
Proximal LCX
RD 28+0.2b 29+0.2ac 28+0.2b F =6.989 0.001*
Mean = SD (Min — Max) (25-3.2) (25-3.3) (25-3.3)
MLD (mm)
Pre-PCI 1.4+05b,c 0.7+0.2a 0.7+02a F=49.170 <0.001*
Mean = SD (Min — Max) (0.3-2.0) (0.3-1.1) (0.3-1.1)
Post-PClI 27+0.2b 28+0.2ac 27+0.2b F =8.402 <0.001*
Mean % SD (Min — Max) (24-31) (25-3.2) (24-3.2)
Acute gain 14+05b,c 22024, 21+034ab F =66.103 <0.001*
Mean = SD (Min — Max) (0.6 - 2.3) (1.6 - 2.8) 1.7-27)
Follow-up 1.8+0.8b,c 23+06a 24+04a F=11.238 <0.001*
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Mean = SD (Min — Max) (0.0-2.8) (0.6 - 3.0)

Late loss 0.5b,c[0.3-2.0] 0.3a[0.2-0.6]
Median [IQR] (Min — Max) (0.1-2.5) (0.0-24)

Net gain 0.6b,c[-0.1-1.1] 1.8a[1.5-2.0]
Mean £ SD (Min — Max) (-1.4-1.6) (-0.3-2.4)
Stenosis (%)

Pre-PCI 51.3+16.3b,c 77.3+£6.7a
Mean + SD (Min — Max) (27.0 - 90.0) (65.0 - 91.0)

Post-PClI 2.0[15-2.9] 1.5[1.1-2.9]
Median [IQR] (Min — Max) (0.7-7.0) (0.6 -5.7)

Follow-up (in-stent 215 bc [120 - 12.0a[9.0 - 21.0]
restenosis) 75.0] (4.0 - 80.0)
Median [IQR] (Min — Max) (6.0 - 100.0)

(0.8-3.1)
0.3a[0.1-0.4] Z =24.204
(0.0 - 1.9)

1.7a[l5-2.0] Z=71.926
(-0.1- 2.6)

754+78a F = 54.464
(65.0 - 90.0)

24[1.1-39] Z=3.379
(0.4 - 7.0)

11.0a[8.0 - 17.0] Z=26.178
(4.0 - 70.0)

<0.001*

<0.001*

<0.001*

0.185

<0.001*

Table 4: QCA assessment of proximal LCX (total n = 150)

a: significant difference from provisional group; b: significant difference from TAP group; c: significant difference
from DK crush group; F: One-way ANOVA; IQR: Interquartile range; LAD: left anterior descending; LCX: left
circumflex; LM: left main; Max: maximum; Min: minimum; MLD: minimal lumen diameter; n: number; RD:
reference diameter; SB: side branch; SD: standard deviation; Z: Kruskal-Wallis test; * significant at p<0.05.

Provisional TAP DK crush Test
(n =50) (n =50) (n =50) statistic
Clinical Follow-up 33 66.0% 42 84.0% 43 86.0% X?=9.592 0.233
presentation NSTEMI 5 10.0% 1 2.0% 1 2.0%
SA 6 12.0% 4 8.0% 4 8.0%
STEMI 1 2.0% 0 0.0% 1 2.0%
UA 5 10.0% 3 6.0% 1 2.0%
Method of lesion QCA 50 100.0% 50 100.0% 50 100.0%
assessment
IVUS use during follow-up 12 24.0%$ 4 8.0% 5 10.0% X2 =  0.043*
6.312
Target lesion failure 14 28.0%$ 6 12.0% 4 8.0% X2 = 0.016*
8.333
Non-related lesion No 48 96.0% 48 96.0% 47 94.0% X2 =0.429 1.000
Yes 2 4.0% 2 4.0% 3 6.0%
Revascularization Median 12.0 b,c 12.0a 12.0a Z=9.622  0.008*
time (months) [IQR] [9.0 - 12.0] [12.0 - 12.0] [12.0 - 12.0]
(Min- (3.0-12.0) (6.0-12.0) (6.0-12.0)
Max)

Table 5: Clinical presentation and assessment on follow-up

a: significant difference from provisional group; b: significant difference from TAP group; c: significant difference
from DK crush group; IQR: Interquartile range; IVUS: intravascular ultrasound; n: number; X2: Pearson’s Chi-
square test/Fisher/Freeman-Halton exact test; Z: Kruskal-Wallis test; * significant at p <0.05; $: significant

difference from other groups.

Post-procedure manag it and
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Fig. 1: Post-procedure management and assessment (total n = 150). IVUS: intravascular ultrasound.
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Procedure success %

PS TAP DK crush PS TAP DK crush PS TAP DK crush
Distal LM Prox.LAD Prox.LCX
Fig. 2: Success rate of the procedure in the studied groups (total n = 150).
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Fig. 3: Kaplan-Meier curve for time-to-revascularization (X2: Log-rank test).

DISCUSSION

Clinical trials comparing QCA of PCI techniques
reported mixed results.> * Currently, PS is
recommended for most cases of bifurcation lesions.
The DK-crush technique was superior to a PS
strategy in LM bifurcation lesions,” and it was
therefore included in the European myocardial
revascularization guidelines for LM bifurcation
lesions.®

We found no significant differences regarding most
of the baseline characteristics. This agrees with
findings reported by previous studies.>** However,
hypertension and smoking — which are conventional
risk factors of ULMCA® — were significantly less
prevalent among the TAP group compared to the PS
and DK crush groups. Furthermore, DM was more
prevalent in the DK crush group compared to PS and
TAP groups.

We found a higher percentage of patients in the DK
crush group with an SYNTEX | score>32. This
finding agrees with Chen et al.” who found that
patients with a score>32 were treated with the DK
crush technique and showed better clinical outcomes.
SYNTAX score>32 represents the complexity of
ULMCA lesions. Hence, DK crush could be superior
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to PS stenting for complex as well as high-risk
bifurcation lesions. Meanwhile, recommendations
from recent guidelines recognize PS for patients with
LMCA stenosis and low (<22) SYNTAX scores.®
The planned two-stent technique was found to be
better than the PS technique in patients with distal
LM bifurcation complex lesions, but in the presence
of small SBs and for simple lesions with the plaque
involving predominantly the MB, the PS approach
may be desirable.’

In this study, the bifurcation angle in the DK crush
group was lower than that in the PS and TAP groups.
The TAP technique is suited for 90° bifurcation
angles. Our result coincides with Chen et al.” who
concluded that PS and TAP techniques are preferable
for wide bifurcation angles while DK crush is
suitable for narrow angles.

In this study, the vessel length before the procedure
was shorter in the PS group compared to the TAP
group. The mean length of SB lesion was
significantly longer in TAP and DK groups than in
the PS group. However, no significant difference was
observed post-procedure in the mean MB stent length
and diameter nor the SB stent length and diameter.
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No complications were reported in any of the three
groups. Likewise, the percentage of stent-covered
ostial LM was not significantly different. The most
common site for in-stent restenosis during ULMCA
stenting is the circumflex ostium. The DK crush
technique provides better stent expansion and ensures
coverage of the SB ostium.** Meanwhile, during the
TAP technique the SB stent is implanted with a slight
protrusion into the main vessel. Added to its
technical simplicity, the TAP technique combines
optimal SB coverage with little anatomical distortion
throughout the entire bifurcation.™

After PCI in the present study, QCA showed that the
MLD of distal LM, proximal LAD, and proximal
LCX improved than the pre-procedure values in the
three groups. The PS group had a less acute gain at
distal LM (though not statistically significant) as well
as proximal LAD and LCX (which was statistically
significant). The TAP technique showed a
significantly higher acute gain at proximal LCX than
the DK group. The median percentages of residual
stenosis for distal LM and proximal LAD in the TAP
group were better than both DK and PS groups, while
no difference was detected in proximal LCX. These
findings coincide with Ruiz-Salmerén et al.® who
found that T-stenting lacked clinical and
angiographic advantages compared to the simple
strategy.

In the present study, the procedure success was
significantly lower in the PS group compared to TAP
and DK crush groups as regards the distant LM and
was lower compared to TAP regarding proximal
LAD. Meanwhile, procedure success did not
significantly vary in proximal LCX across the three
groups. This finding partially agrees with Yamashita
et al.X® who found that the stenting both vessels had
no advantage over stenting only the parent vessel
regarding the procedural success and late outcome.
Meanwhile, Chen et al.” showed no difference
regarding the procedure success between PS and DK
techniques. Success is influenced by several factors
including not only the operator experience but also
the availability of dedicated equipment.*’

Our result showed a greater incidence of TLF in the
PS group compared with both the TAP stenting
strategy and DK crush. These results correspond to
findings of a randomized clinical trial on non-LM
coronary bifurcation lesions where the planned DK
crush two-stent strategy was associated with lesser
rates of TLR compared with the PS procedure.® This
also agrees with Aldujeli et al.®® who found that at
two-years follow-up, the planned TAP stenting
technique was associated with a lower rate of TLF
compared with the DK crush strategy. Chen et al.”
found that TLF may bear a relation to the distal LM
segment anatomy. Compared with non-LM
bifurcation lesions, the true distal LM bifurcation
lesions usually affect larger blood vessels and have a
wider bifurcation angle. In addition, they commonly
involve 3 vessel segments.?> 2 Meanwhile, the PS
technique may entail crossover to a second stent in a
large percentage of cases, besides a reported failure
of second stent delivery in about 9% of patients.
Furthermore, during treatment of complex coronary
bifurcations, the PS technique was reported to have
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greater rates of clinical recurrence compared to the
two-stent strategy.”

In the current study, QCA at 12 months showed
similar rates of in-stent restenosis among the three
stenting techniques in distal LM and proximal LAD.
However, the rate of restenosis of proximal LCX was
higher in PS compared to TAP and DK crush groups.
On the other hand, a multicenter study reported that
PCl of true distal lesions of the LM bifurcation
performed with a planned DK technique had a lower
TLF rate at one year compared to a PS strategy.?
The DKCRUSH-II study that was conducted on
unselected patients with coronary bifurcation lesions
indicated that the DK crush technique was associated
with reduced MB and SB restenosis and lowered
TLR.” Ye et al?® reported a significant TLR
reduction with the DK-Crush technique compared to
the PS strategy. The DK-Crush is associated with
higher rates of FKB inflation, which allow for a
greater acute gain and lowered late loss of SB
fractional flow reserve.

Previous studies showed that the different two-stent
strategies (T-stenting, V-stenting, and crush stenting)
provided comparable outcomes, without significant
differences in terms of mortality, cardiac mortality,
MI, TLR, and restenosis. Therefore, there seems to
be no basis to prefer one two-stenting technique
rather than another.?* This accords with our findings
where TAP and DK crush strategies were
comparable regarding restenosis of distal LM and
proximal LAD, as well as TLR.

Deciding to wuse a particular technique for
management of distal ULMCA stenosis is a
challenge. Several factors should be considered
including the bifurcation angle, the degree of the
lesion, and the disease extension in the LM carina.
Also, the involvement and the diameter of the LCX
as well as the relation between the diameter of the
LM and the diameter of the stemming arteries need
to be taken into account in this decision making.*

CONCLUSION

The use of TAP or DK techniques is recommended
over the PS in the case of proximal LCX, as both
techniques showed comparable results. However, in
cases of distal LM and proximal LAD, PS or two-
stent techniques can be used without significant
differences in terms of restenosis. The interpretation
requires caution because this is not a randomized
trial. Therefore, the outcomes may have been
impacted by complexity of the lesion. However, the
importance of this study emerges from revealing that
the strategy of stenting should be carefully
considered when deciding the policy of
revascularization or assessing the outcome
differences between various PCI stenting techniques.
Future randomized clinical trials need to be
conducted to verify the superiority of two-stent
techniques relative to PS in individual vessels.
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