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Purpose: Sex differences in the clinical course of coronary artery disease (CAD) particularly in Acute Coronary Syndrome (ACS), have 
been extensively hypothesized. Although coronary bifurcations account for approximately 20% of ACS cases, data concerning potential sex 
disparities in the outcomes of percutaneous interventions (PCI) remain scarce. Several data suggest the double kiss (DK) Culotte may 
provide advantages in bifurcation PCI. Therefore, we evaluate potential sex differences in relation to the Culotte technique.
Patients and Methods: This study retrospectively analyzes sex disparities following PCI interventions in ACS patients using the 
DK-Culotte or Culotte technique for bifurcation lesions. The primary endpoint was Target Lesion Failure (TLF), a composite of 
cardiovascular death, target vessel myocardial infarction, or clinically driven target lesion revascularization (TLR). The secondary 
endpoint included major adverse cardiac events MACE (myocardial infarction, cardiac death, and target lesion revascularization).
Results: There were no significant differences between sexes regarding TLF (DK-Culotte: Females 10.3% vs Males 5.7%; p=0.401; 
Culotte: Females 16.2% vs Males 11.8%; p=0.481) or MACE (DK-Culotte: Females 13.8% vs Males 12.5%; p=0.771; Culotte: 
Females 24.3% vs Males 17.6%; p=0.370) after a 1-year follow-up for both bifurcation techniques.
Conclusion: The study found no significant differences in clinical outcomes between sexes following PCI for bifurcation lesions in 
the ACS cohort, regardless of whether the two-stent techniques (DK- Culotte or Culotte) were used.
Keywords: sex differences, gender differences, acute coronary syndrome, coronary bifurcation, double-kiss culotte, culotte technique, 
percutaneous coronary intervention

Introduction
The average age of patients undergoing cardiac revascularization during an acute coronary syndrome (ACS) event is on 
the rise. This is in line with a broader demographic shift in modern societies. As a result, patients undergoing 
percutaneous coronary intervention (PCI) for ACS are more likely to have an increased prevalence of independent 
adverse events prognostic factors (diabetes and renal insufficiency) after percutaneous revascularization.1–3 Furthermore, 
both phenomena have been demonstrated to increase the probability of the occurrence of complex lesions, which 
emphasizes the necessity to pay close attention to the most appropriate PCI technique.

Interestingly, these demographic changes have erased the traditional differences between sexes in the prevalence of 
coronary artery disease.4 However, females still tend to be underrepresented in many contemporary clinical trials and are 
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more likely to receive conservative therapy in the course of acute coronary syndrome.5 Furthermore, even if they receive 
percutaneous revascularization, the comprehensiveness of treatment along with long-term outcomes is less favorable in 
comparison to males.6,7 The precise mechanisms underlying these discrepancies remain elusive, despite the undeniable 
advancements in interventional techniques and armamentarium observed in recent times in the field of percutaneous 
revascularization.

Coronary bifurcation lesions are a prevalent phenomenon, representing approximately 20%8 of percutaneous coronary 
intervention (PCI) cases, and continuing to present a significant challenge for interventional cardiologists, particularly in 
the context of acute coronary syndrome (ACS) conditions. Although the recently presented expert consensus considers 
the provisional single-stent technique to be the most convenient for the majority of bifurcation lesions9 Nevertheless, in 
select cases, including those with significant anatomical complexity where diseases affect critical side branches, two-stent 
techniques may offer clinical advantages when compared with other options.10

An increasing body of evidence indicates that the double kiss (DK)-crush technique may offer benefits in the context of left 
main bifurcation, particularly in comparison with the classic crush technique.11 A minor modification to the conventional 
crush methodology, which involved the incorporation of an additional kissing balloon (KB), led to a notable enhancement in 
the long-term outcomes of the DK crush.12 On the other hand, since the introduction of the Culotte technique into clinical 
practice,13 this bifurcation stenting technique has become one of the most commonly used procedures. It has been demon
strated to be safe and efficient14 and its use is now widespread. A review of recent pre-clinical trials and a small number of pilot 
studies suggests that additional kissing dilatation before main branch (MB) stenting may improve the culotte technique in 
a manner similar to what was observed in the context of the crush technique.15–17

In light of the data presented, this study was designed to evaluate the difference between sexes in the short-term 
clinical outcome (one year) in ACS patients with culprit true bifurcation lesions treated with one of two stent techniques 
(Culotte vs DK-Culotte).

Materials and Methods
Study Population
The complete trial design, along with a full list of inclusion and exclusion criteria, was previously reported (the study was 
registered in ClinicalTrials.gov: NCT06284057).18 In brief, the study population is constituted by all subjects included in the 
Lower Silesia Culotte Bifurcation Registry (LSCBR). This registry comprises clinical data from two cooperating high-volume 
cardiac centers of subjects with ACS who underwent percutaneous coronary intervention (PCI) of a culprit bifurcation lesion 
using two different two-stent techniques, the DK Culotte and the Culotte. The decision to perform PCI was based on clinical 
indications, in accordance with the European Society of Cardiology recommendations. The decision to perform PCI with the 
selected two-stent technique was left to the discretion of the operators. All PCI procedures were preformed with second- 
generation drug-eluting stents - Orsiro (Biotronik, Berlin, Germany), Xience (Abbott Chicago, USA), Onyx (Medtronic, 
Dublin, Republic of Ireland) Cruz (SMT, Mumbai, India) Biofreedom (Biosensor, Singapore), Synergy (Boston Scientific, 
Marlborough, USA). Prior to undergoing percutaneous coronary intervention (PCI), all patients were provided with compre
hensive information regarding the procedure and its associated risks. This information was presented in a written consent 
form, which the patient was required to sign before the procedure could be performed. The Bioethics Committee of the Lower 
Silesian Medical Association (Poland), which oversees research centers in accordance with local legal restrictions, has 
approved this study (01/BO/2023). Furthermore, the study is in accordance with the Helsinki Declaration.

Study Endpoints
The study’s main points and clinical outcomes were in line with general consensus19 The study had composed of Primary 
Endpoint- Target Lesion Failure (TLF)), which consisted of cardiovascular death (CVD), target vessel myocardial 
infarction (TV-MI), or clinically driven target lesion revascularization (TLR). Furthermore, the study revealed the 
prevalence of several secondary endpoints, including major adverse cardiac events (MACE), which encompasses 
myocardial infarction, cardiac death, and target lesion revascularization (TLR), along with TLR, overall mortality, and 
selected procedural factors (radiation dose and contrast use).
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Statistical Analysis
Continuous variables were evaluated using nonparametric two-sample Mann–Whitney U-tests, whereas categorical variables 
were analyzed using Fisher’s exact tests. Kaplan-Meier curves were employed to illustrate the cumulative one-year rates of target 
lesion failure, major adverse cardiovascular events, all-cause death, and target lesion revascularization in the study groups. Log 
rank tests were used to assess the significance of the observed differences. The statistical cutoff point for significance was 
established at 0.05. The statistical analyses were conducted by an experienced medical statistician, who used the R programming 
language to perform analysis.

Results
Patient Characteristic
The Culotte cohort comprised 85 males and 37 females, thus the DK-Culotte arm consisted of 88 males and 29 females. 
With regard to the basic clinical characteristics of the Culotte cohort, a significantly lower mean age was observed in the 
male group compared to the female group (64.6 ± 8.7 vs 70.7 ± 8.7; p = 0.006). Furthermore, a lower prevalence of type 2 
diabetes mellitus was observed in the male subjects compared to the female subjects (35 (41.2%) vs 23 (62.2%), p=0.048). 
Conversely, the initial creatinine levels were found to be significantly higher in the male subjects of this study arm 
compared to the female subjects (88.4 [75–102.5] vs 79.1 [63.6–90]; p=0.013). On the other hand, except for a similar trend 
in creatinine levels in the DK-Culotte group (83.2 [72.2–99.8] vs 73 [63.5–92.4]; p=0.033), no significant differences in 
terms of basic clinical features were observed. All basic clinical and demographic data are summarized in Table 1.

Lesions and Procedural Features
In terms of anatomical and procedural characteristics in the Culotte arm we could observe statistically lower anatomical complexity 
of CAD measured by Syntax I Score in the male cohort compared to females (15 [12–22] vs 18 [14–29]; p=0.046). At the same time 
in DK - Culotte group males compared to females were more prone to receive radial access point during index PCI (89.8% vs 69%; 
p=0.015). On the other hand, men in this arm received higher contrast (235.6 ± 75.4 vs 205.3 ± 63.5; p=0.039) and radiation doses 
(1950.5 [1324.2–3016.5] vs 1604 [693–2658]; p=0.027). Table 2 contains all lesions and procedural features.

Table 1 Baseline Clinical Characteristics of Both Study Arms

Culotte Group DK Culotte Group

Male N-85 Female N-37 p-value Male N-88 Female N-29 p-value

Age [years] 64.6 ± 8.7 70.7 ± 8.7 p = 0.006 67.4 ± 9.0 65.4 ± 10.5 p = 0.377
Unstable angina 33 (38.8%) 10 (27%) p = 0.010 43 (48.9%) 13 (44.8%) p = 0.958

NSTEMI 31 (36.5%) 24 (64.9%) p = 0.010 30 (34.1%) 11 (37.9%) p = 0.958

STEMI 21 (24.7%) 3 (8.1%) p = 0.010 15 (17%) 5 (17.2%) p = 0.958
Diabetes mellitus type 2 35 (41.2%) 23 (62.2%) p = 0.048 25 (28.4%) 11 (37.9%) p = 0.359

Oral anti-diabetic treatment 30 (35.3%) 16 (43.2%) p = 0.043 20 (22.7%) 11 (37.9%) p = 0.117

Insulin 5 (5.9%) 7 (18.9%) p = 0.043 5 (5.7%) 5 (17.2%) p = 0.117

Hypertension 70 (82.4%) 33 (89.2%) p = 0.423 70 (79.5%) 24 (82.8%) p = 0.793

Hyperlipidemia 59 (69.4%) 32 (86.5%) p = 0.069 75 (85.2%) 23 (79.3%) p = 0.561
Atrial Fibrillation 19 (22.4%) 8 (21.6%) p = 1 10 (11.4%) 3 (10.3%) p = 1

Post PCI status 25 (29.4%) 17 (45.9%) p = 0.098 28 (31.8%) 9 (31%) p = 1

Primary Diagnosis of MI 19 (22.4%) 11 (29.7%) p = 0.493 24 (27.3%) 10 (34.5%) p = 0.485
LVEF 55 [43–60] 45 [35–60] p = 0.193 58 [45–63] 55 [50–60] p = 0.514

Total Cholesterol (mmol/L) 5 ± 1.6 4.8 ± 1.4 p = 0.579 4.7 ± 1.3 4.5 ± 0.9 p = 0.490

LDL (mmol/L) 2.5 [1.9–3.6] 2.8 [1.9–3.6] p = 0.923 2.7 ± 1.2 2.6 ± 0.9 p = 0.573
HDL (mmol/L) 1.2 [1–1.5] 1.3 [1.1–1.6] p = 1 1.2 [1–1.4] 1.3 [1.1–1.8] p = 0.08

Creatine (µmol/l) 88.4 [75–102.5] 79.1 [63.6–90] p =0.013 83.2 [72.2–99.8] 73 [63.5–92.4] p = 0.033

Maximal TnI peak 186.1 [62–1359.5] 431 [108.8–1363.8] p = 0.342 155.1 [33.2–1067.6] 354.1 [113.9–702.6] p = 0.295

Abbreviations: NSTEMI, no ST-Elevation Myocardial Infarction; STEMI ST-Elevation Myocardial Infarction; PCI, percutaneous coronary intervention; MI, Myocardial 
Infarction; LVEF, Left ventricle ejection fraction.
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Clinical Outcome
The one-year study results revealed no statistically significant differences between the two sexes in the two primary study 
outcomes at the one-year follow-up and the index procedure. However, a noticeable unfavorable trend for female subjects in 
terms of higher rates of primary outcome was observed in both study groups (Culotte 16.2% vs 11.8%; p=0.481; DK-Culotte 
10.3% vs 5.7%; p=0.401). It is also noteworthy that women in the DK-Culotte arm suffered from restenosis in the target lesion 
more often than men (10.3% vs 1.1%; p=0.018). Clinical outcomes were presented in Table 3. Moreover, Figure 1 (TLF) and 
Figure 2 (MACE) demonstrate Kaplan–Meier curves, indicating 12-month survival rates for both study cohorts, respectively.

The data presented in Table 4 indicates that there were no statistically significant differences between the female 
Culotte and DK Culotte arms in terms of TLF and MACE. However, the female Culotte group exhibited higher rates of 
target lesion failures and major adverse cardiac events (MACE) compared to the DK Culotte group (primary outcome: 
16.2% vs 10.3%, p = 0.401; and principal secondary outcome: 24.3% vs 13.8%, p = 0.114). The 1-year Survival-Free 
Kaplan-Meier curves for both composite outcomes are presented in Figure 3.

Table 2 Procedural Characteristics of Both Study Arms

Procedural Characteristic Culotte Group DK Culotte Group

Male N-85 Female N-37 p-value Male N-88 Female N-29 p-value

SYNTAX Score I 15 [12–22] 18 [14–29] p = 0.046 15.5 [11.8–22.2] 13 [9–16] p = 0.107

Logistic SYNTAX Score 3.1 [1.4–9.6] 7.1 [3–23.2] p = 0.004 2.9 [1.4–5.9] 2.9 [2.1–5.2] p = 0.682

PCI SYNTAX Score II 31.3 ± 13 43.4 ± 14.5 p <0.001 28.5 [21.8–37.4] 33.1 [24.6–43.7] p = 0.233

Bifurcation location: LM 29 (34.1%) 12 (32.4%) p = 1 35 (39.8%) 12 (41.4%) p = 1

Non-LM (LAD/D) 28 (32.9%) 15 (40.5%) p = 0.419 32 (36.4%) 16 (55.2%) p = 0.085

Non-LM (Cx/OM) 24 (28.2%) 7 (18.9%) p = 0.367 16 (18.2%) 1 (3.4%) p = 0.067

Non-LM (RCA/PLA/PDA) 4 (4.7%) 3 (8.1%) p = 0.432 5 (5.7%) 0 (0%) p = 0.331

Femoral access 10 (11.8%) 10 (27%) p = 0.060 9 (10.2%) 9 (31%) p = 0.015

Radial access 74 (87.1%) 28 (75.7%) p = 0.182 79 (89.8%) 20 (69%) p = 0.015

Bail out two stent strategy 7 (8.2%) 2 (5.4%) p = 0.721 7 (8%) 2 (6.9%) p = 1

Side branch stent diameter, mm 3 [2.5–3.5] 2.8 [2.5–3.5] p = 0.173 3 [2.8–3.5] 2.8 [2.5–3] p = 0.062

Side branch stent length, mm 22 [18–28] 22 [18–26] p = 0.849 20 [18–26] 18 [18–22] p = 0.303

Main branch stent diameter, mm 3.5 [3–3.5] 3 [3–3.5] p = 0.232 3.5 [3–3.5] 3.5 [3–3.5] p = 0.386

Main branch stent length, mm 26 [18–30] 26 [18–28] p = 0.418 26 [18–34.2] 18 [18–26] p = 0.006

Stent to the side branch first 72 (84.7%) 31 (83.8%) p = 1 74 (84.1%) 25 (86.2%) p = 1

Side branch predilatation 0 (0%) 0 (0%) p = 1 88 (100%) 29 (100%) p = 1

Main branch predilatation 75 (88.2%) 31 (83.8%) p = 0.563 63 (71.6%) 22 (75.9%) p = 0.811

Pre POT 38 (44.7%) 17 (45.9%) p = 1 78 (88.6%) 27 (93.1%) p = 0.727

KB after the first stent implantation 0 (0%) 0 (0%) p = 1 88 (100%) 29 (100%) p =1

KB after the second stent implantation 83 (97.6%) 36 (97.3%) p = 1 88 (100%) 29 (100%) p = 1

Final POT 70 (82.4%) 28 (75.7%) p = 0.459 83 (94.3%) 28 (96.6%) p = 1

IVUS/OCT imaging 6 (7.1%) 0 (0%) p = 0.176 14 (15.9%) 3 (10.3%) p = 0.558

Rotational Atherectomy 4 (4.7%) 2 (5.4%) p = 1 3 (3.4%) 2 (6.9%) p = 0.596

Intravascular lithotripsy 0 (0%) 1 (2.7%) p = 0.303 2 (2.3%) 0 (0%) p = 1

GP IIb/IIIa use 8 (9.4%) 3 (8.1%) p = 1 2 (2.3%) 0 (0%) p = 1

Radiation dose (mGy) 2212 [1459–3330] 1771 [1108–2752] p = 0.061 1950.5 [1324.2–3016.5] 1604 [693–2658] p = 0.027

Contrast media amount (mL) 240 [200–270] 220 [180–270] p = 0.263 235.6 ± 75.4 205.3 ± 63.5 p = 0.039

ASA 85 (100%) 37 (100%) p =1 88 (100%) 29 (100%) p = 1

Clopidorel 55 (64.7%) 28 (75.7%) p = 0.293 50 (56.8%) 18 (62.1%) p = 0.669

Ticagrelor 29 (34.1%) 9 (24.3%) p = 0.395 33 (37.5%) 10 (34.5%) p = 0.827

Prasugrel 0 (0%) 0 (0%) p = 1 4 (4.5%) 0 (0%) p = 0.571

Abbreviations: LM, Left main; OCT, optical coherence tomography; PCI, percutaneous coronary intervention; ASA, acetylsalicylic acid.
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Discussion
To the best of our knowledge presented study is among the first to examine the effect of sex on the results of percutaneous 
coronary intervention (PCI) of bifurcation lesions treated with the novel two-stent technique – DK Culotte– in the ACS subset 
in routine clinical practice.

The study results demonstrated that there was no statistically significant difference between the two genders in terms 
of the one-year follow-up outcomes of the two investigated two-stent techniques. However, a trend towards a lower 
incidence of one-year TLF and MACEs was observed in male subjects when the two investigated bifurcation techniques 
were considered. Furthermore, a similar reduction in composite outcomes was observed in the DK culotte group 
compared with the classic culotte group in both genders, although this did not reach statistical significance.

There are well-established sex differences with respect to the pathophysiology, clinical presentation, and prognosis of 
CAD. Although women are less likely to have extensive CAD and more favorable plaque characteristics than men,20,21 

the long-term prognosis and outcomes of revascularization, particularly percutaneous, remain less favorable in females. 
Several factors have been postulated to be involved in phenomena. Females due to slower progression of CAD tend to be 
older and have more comorbid conditions at the time of initial diagnosis. Furthermore, the less typical clinical 
manifestations of the disease result in longer delays in diagnosis and treatment, particularly with regard to revasculariza
tion procedures in the acute subset.22,23 The present study’s findings offer partial confirmation of the hypothesis that the 

Table 3 Clinical Outcomes in Both Study Arms

Clinical outcomes Culotte Group DK Culotte Group

Male 
N-85

Female 
N-37

p-value Male 
N-88

Female 
N-29

p-value

1-Year Follow up

Primary outcome: Target lesion failure (cardiac death, target vessel myocardial 
infarct, target lesion revascularisation)

10 (11.8%) 6 (16.2%) p = 0.481 5 (5.7%) 3 (10.3%) p = 0.401

Principal secondary outcome: MACE (myocardial infarct, cardiac death, target 
lesion revascularization)

15 (17.6%) 9 (24.3%) p = 0.370 11 (12.5%) 4 (13.8%) p = 0.771

Target lesion-revascularisation 8 (9.4%) 3 (8.1%) p = 0.878 3 (3.4%) 3 (10.3%) p = 0.149

All - cause mortality 4 (4.7%) 5 (13.5%) p = 0.090 4 (4.5%) 2 (6.9%) p = 0.632

Stent thrombosis 4 (4.7%) 1 (2.7%) p = 0.620 3 (3.4%) 0 (0%) p = 0.318

Stent restenosis 6 (7.1%) 2 (5.4%) p = 0.792 1 (1.1%) 3 (10.3%) p = 0.018

Abbreviation: MACE, major adverse cardiac events.

Figure 1 Target lesion failure 1-year Survival-Free Kaplan–Meier curves. 
Abbreviations: F, Female; M, Male; DK, Double Kiss.
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female population who undergo PCI are generally of more advanced age. A statistically significant disparity in age 
between males and females was identified in the Culotte cohort, with the female population exhibiting a higher mean age 
than their male counterparts (70.7 ± 8.7 vs 64.6 ± 8.7; p = 0.006). Still, this observation was not confirmed in the DK- 
Culotte arm, and a reverse trend was observed, noteworthy without statistical significance. We can generally confirm the 
findings of previous studies regarding a higher burden of comorbidities at the time of hospital admission for primary 
PCI,24,25 although women undergoing coronary intervention in our study cohort only had a statistically higher prevalence 
of diabetes mellitus (DM) type 2, still notable trend was observed for other cardiovascular risk factors.

Despite the underrepresentation of females in studies conducted so far, the available evidence suggests that the 
clinical outcomes following PCI are less favorable, particularly concerning an increased incidence of periprocedural 
complications, predominantly related to an elevated risk of bleeding,5,26,27 yet outcomes are not focused on patients with 
bifurcation lesions.

Generally, it can be assumed that the technical and clinical complexities associated with bifurcation lesions have led to less 
favorable outcomes following PCI than those observed in non-bifurcation lesions. Furthermore, women with ACS are less 
likely to receive evidence-based therapies and undergo cardiac catheterization and complete revascularization.28,29 

Notwithstanding the fact that, in accordance with good clinical practice, all physicians involved in the therapeutic process 
in our study were encouraged to achieve complete revascularization, this aspect of CAD management was not addressed at the 

Figure 2 MACE 1-year Survival-Free Kaplan–Meier curves. 
Abbreviations: F, Female; M Male.

Table 4 Clinical Outcomes in the Female Subgroup in Both Study Arms

Clinical outcomes Culotte Female 
(n=37)

DK-Culotte 
Female (n=29)

p-value

1 Year Follow up

Primary outcome: Target lesion failure (cardiac death, target vessel myocardial infarct, 

target lesion revascularisation)

6 (16.2%) 3 (10.3%) p = 0.401

Principal secondary outcome: MACE (myocardial infarct, cardiac death, target lesion 

revascularization)

9 (24.3%) 4 (13.8%) p = 0.114

Target lesion-revascularisation 3 (8.1%) 3 (10.3%) p = 0.932
All - cause mortality 5 (13.5%) 2 (6.9%) p = 0.343

Stent thrombosis 1 (2.7%) 0 (0%) p = 0.341
Stent restenosis 2 (5.4%) 3 (10.3%) p = 0.578

Abbreviation: MACE, major adverse cardiac events.
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time of discharge. This appears to be a significant study limitation, given the potential prognostic significance in terms of 
future unfavorable clinical outcomes.

Despite, data on potential sex differences between different two-stent bifurcation techniques are limited surprisingly 
the vast majority of available studies suggest no significant differences in clinical outcomes.30–32 The results of the 
current study did not demonstrate significant disparities between males and females in the clinical outcomes of the 
investigated bifurcation stenting technique. However, the increased rate of composite unfavorable outcomes was notable 
and is partially consistent with the few studies published to date.33,34 Surprisingly, despite the lower complexity of CAD 
progression as measured by the Syntax Score in our study cohort, we observed a trend towards a higher rate of stent 
thrombosis in men compared to women. Although this trend did not reach statistical significance, potential mechanisms 
underling under this observation remain unclear. In the present study, all subjects were treated with novel second- 
generation drug-eluting stents (DES). No significant differences were observed in terms of dual antiplatelet therapy 
(DAPT) agents between sexes still, females tend to more often receive clopidogrel instead of novel antiplatelet agents 
(ticagrelor/prasugrel). Furthermore, females tended to have a lower average stent diameter implanted in the main and side 
branches. In the theoretical domain, considering the fact that females tend to have lower compliance in terms of 
pharmacological treatment after PCI35,36 this should result in a higher probability of thrombotic events in the female 
cohort. Surprisingly, the opposite relationship was observed in our study. It is even more confusing when we analyze the 
basic demographic characteristics between the study cohorts, women in both study arms had higher rates of diabetes, 
hypertension, and lower Left ventricular ejection fraction (LVEF). Conversely, no substantial disparities were observed 
between the sexes with regard to peak TnI levels. This marker has been documented as a well-established independent 
risk factor for future cardiovascular incidents.37

Although the above observation did not reach statistical significance, it was observed in both study arms (Culotte and 
DK-Cullote) and further large scale studies are needed to fully evaluate this issue.

It is interesting to note that, despite the growing body of evidence supporting the mandatory use of proximal 
optimalization technique (POT) and kissing balloons inflation (KBI) in terms of bifurcation lesions, the numbers reported 
for these two optimization techniques from everyday clinical practice still show utility of approximately 20–40% of all 
bifurcation PCI performed, with this figure rising to 60–70% in two-stent techniques.30,38 In this context, data from our 
real-life cohort (POT: 76%-97%, final KBI: 97%-100%) demonstrates good compliance with the recommendations of the 
best medical practices, thereby confirming the high value of the preceding data and the relatively low prevalence of 
intravascular imaging in the study population.

Despite the fact that data focused on the impact of KBI on clinical outcomes might be inconsistent39,40 Previous 
reports from bench tests15,41 suggest a potential significant role for additional KBI during the performance of the classic 

Figure 3 Females cohort 1-year Survival-Free Kaplan–Meier curves of Primary and Principal secondary Outcome. 
Abbreviations: DK, Double Kiss.
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Culotte technique. Nevertheless, the data from the study cohort did not confirm a significant impact on one-year 
outcomes. Nonetheless, a favorable trend has been observed in terms of the clinical outcomes of the ‘Double Kiss- 
Culotte’ technique in comparison to ‘classical’ Culotte techniques for both sexes. Furthermore, this observation has been 
already recently postulated.16,18,42–44

Limitations
This study has several limitations. Firstly, data were collected retrospectively with a relatively brief observation period 
(1-year follow-up). Secondly, the relatively small group size resulted in the underrepresentation of females in both study 
cohorts. Thirdly, prevalence of IVUS/OCT imaging use is low in the study cohort, and might have an impact on clinical 
outcomes. Although all operators were encouraged to achieve complete revascularisation, particularly concerning multi- 
vessel disease, no data were collected on residual syntax score at discharge. Finally, it should be noted that data from 
angiography had not been subject to external core lab evaluation, particularly in the case of quantitative coronary 
angiography.

Conclusion
The present study has revealed no significant differences in clinical outcomes between ganders in terms of percutaneous 
coronary intervention in bifurcation lesions in the ACS cohort after utilization of two different two-stent techniques 
(Culotte and DK Culotte). Still future randomized, large-scale studies are necessary to fully evaluate potential sex 
disappearance in clinical outcomes of both stenting techniques.

Data Sharing Statement
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Disclosure
Prof. Dr. Maciej Lesiak reports personal fees from Abbott Vascular, Boston Scientific, Medtronic, and Terumo Medical, 
outside the submitted work. The authors report no other conflicts of interest in this work.

References
1. Jarrah M, Alrabadi N, Al-Nusair N, et al.. clinical outcomes and cardiovascular-related events in young diabetic patients with acute coronary 

syndrome. Vasc Health Risk Manag. 2022;18:55–60. doi:10.2147/VHRM.S349209
2. Jankowski P, Topór-Mądry R, Gąsior M, et al.. Management and predictors of clinical events in 75 686 patients with acute myocardial infarction. 

Kardiol Pol. 2022;80(4):468–475. doi:10.33963/KP.a2022.0058
3. Li L, Li G, Chen H, et al.. Role of diabetes mellitus in acute coronary syndrome patients with heart failure and midrange ejection fraction who have 

undergone percutaneous coronary intervention: a 3-year case-series follow-up retrospective study. Diabetes Metab Syndr Obes. 
2021;14:4931–4944. doi:10.2147/DMSO.S339209

4. Satish P, Avenatti E, Patel J, Agarwala A. Understanding the spectrum of cardiovascular risk in women - A primer for prevention. Prog Cardiovasc 
Dis. 2024;66:1–6. doi:10.1016/j.pcad.2024.05.003

5. Alder MR, Adamek KE, Lowenstern A, Raj LM, Lindley KJ, Sutton NR. Acute coronary syndrome in women: an update. Curr Cardiol Rep. 
2024;26(5):293–301. doi:10.1007/s11886-024-02033-6

6. Iwańczyk S, Dit Al Hakim SA, Skrzypińska M, et al.. Sex-based differences in complex percutaneous coronary intervention: insights from the 
COMPLEX registry. Hellenic J Cardiol. 2024;65:1–8. doi:10.1016/j.hjc.2024.04.005

7. Yagel O, Shadafny N, Eliaz R, et al.. Long-term prognosis in young patients with acute coronary syndrome treated with percutaneous coronary 
intervention. Vasc Health Risk Manag. 2021;17:153–159. doi:10.2147/VHRM.S298436

8. Finch W, Lee MS. Percutaneous coronary intervention for coronary bifurcation lesions. Rev Cardiovasc Med. 2017;18(2):59–66. doi:10.3909/ 
ricm0868

9. Burzotta F, Louvard Y, Lassen JF, et al. Percutaneous coronary intervention for bifurcation coronary lesions using optimized angiographic 
guidance: the 18th consensus document from the European bifurcation club. EuroIntervention. 2024;19:1–8. doi:10.4244/EIJ-D-24-00160

10. Zhang JJ, Ye F, Xu K, et al.. Multicenter, randomized comparison of two-stent and provisional stenting techniques in patients with complex 
coronary bifurcation lesions: the DEFINITION II trial. Eur Heart J. 2020;41(27):2523–2536. doi:10.1093/eurheartj/ehaa543

11. Chen SL, Zhang JJ, Han Y, et al. Double kissing crush versus provisional stenting for left main distal bifurcation lesions: DKCRUSH-V randomized 
trial. J Am Coll Cardiol. 2017;70(21):2605–2617. doi:10.1016/j.jacc.2017.09.1066

https://doi.org/10.2147/VHRM.S513926                                                                                                                                                                                                                                                                                                                                                                                                                                            Vascular Health and Risk Management 2025:21 368

Włodarczak et al                                                                                                                                                                   

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.2147/VHRM.S349209
https://doi.org/10.33963/KP.a2022.0058
https://doi.org/10.2147/DMSO.S339209
https://doi.org/10.1016/j.pcad.2024.05.003
https://doi.org/10.1007/s11886-024-02033-6
https://doi.org/10.1016/j.hjc.2024.04.005
https://doi.org/10.2147/VHRM.S298436
https://doi.org/10.3909/ricm0868
https://doi.org/10.3909/ricm0868
https://doi.org/10.4244/EIJ-D-24-00160
https://doi.org/10.1093/eurheartj/ehaa543
https://doi.org/10.1016/j.jacc.2017.09.1066


12. Bujak K, Verardi FM, Arevalos V, et al. Clinical outcomes following different stenting techniques for coronary bifurcation lesions: a systematic 
review and network meta-analysis of randomized controlled trials. EuroIntervention. 2023;19(8):664–675. doi:10.4244/EIJ-D-23-00013

13. Chevalier B, Glatt B, Royer T, Guyon P. Placement of coronary stents in bifurcation lesions by the “culotte” technique. Am J Cardiol. 1998;82 
(8):943–949. doi:10.1016/s0002-9149(98)00510-4

14. Ferenc M, Gick M, Comberg T, et al.. Culotte stenting vs. TAP stenting for treatment of de novo coronary bifurcation lesions with the need for 
side-branch stenting: the Bifurcations Bad Krozingen (BBK) II angiographic trial. Eur Heart J. 2016;37(45):3399–3405. doi:10.1093/eurheartj/ 
ehw345

15. Toth GG, Sasi V, Franco D, et al.. Double-kissing culotte technique for coronary bifurcation. EuroIntervention. 2020;16:e724–e733. doi:10.4244/ 
EIJ-D-20-00130

16. Tu S, Zhang L, Tian Q, Hu F, Wang Y, Chen L. Five-year outcomes of double kissing mini-culotte stenting vs mini-culotte stenting using drug-eluting 
stents for the treatment of true coronary bifurcation lesions. Front Cardiovasc Med. 2024;11:1336750. doi:10.3389/fcvm.2024.1336750

17. Barycki M, Włodarczak A, Rola P, Włodarczak S, Jatrzębski A, Lesiak M. Left main calcified lesion treated with orbital atherectomy and two-stent 
double-kissing Culotte technique in a very elderly patient with frailty syndrome. Postepy Kardiol Interwencyjnej. 2023;19(4):380–381. doi:10.5114/ 
aic.2023.133253

18. Barycki M, Włodarczak A, Włodarczak S, et al.. Comparative short-term outcomes of double-kissing culotte and culotte techniques in acute 
coronary syndrome from the lower silesia culotte bifurcation registry. J Clin Med. 2024;13(23):7392. doi:10.3390/jcm13237392

19. Garcia-Garcia HM, McFadden EP, Farb A, et al. Standardized end point definitions for coronary intervention trials: the academic research 
consortium-2 consensus document. Eur Heart J. 2018;39(23):2192–2207. doi:10.1093/eurheartj/ehy223

20. Ten Haaf ME, Rijndertse M, Cheng JM, et al. Sex differences in plaque characteristics by intravascular imaging in patients with coronary artery 
disease. EuroIntervention. 2017;13:320–328. doi:10.4244/EIJ-D-16-00361

21. Song BY, Chen C, Xu WH, et al. Gender differences in the correlations between immune cells and organ damage indexes of acute myocardial 
infarction patients. Vasc Health Risk Manag. 2022;18:839–850. doi:10.2147/VHRM.S374157

22. Park S, Ahn JM, Park H, et al.. Comparison of long-term outcomes following coronary revascularization in men vs women with unprotected left 
main disease. Am J Cardiol. 2021;153:9–19. doi:10.1016/j.amjcard.2021.05

23. Sakkers TR, Mokry M, Civelek M, et al.. Sex differences in the genetic and molecular mechanisms of coronary artery disease. Atherosclerosis. 
2023;384:117279. doi:10.1016/j.atherosclerosis.2023.117279

24. Birkemeyer R, Schneider H, Rillig A, et al.. Do gender differences in primary PCI mortality represent a different adherence to guideline 
recommended therapy? A multicenter observation. BMC Cardiovasc Disord. 2014;14:71. doi:10.1186/1471-2261-14-71

25. Fu WX, Zhou TN, Wang XZ, et al.. Sex-related differences in short- and long-term outcomes among young and middle-aged patients with 
ST-segment elevation myocardial infarction who underwent percutaneous coronary intervention. Chin Med J. 2018;131(12):1420–1429. 
doi:10.4103/0366-6999.233965

26. Pham P, Pham PT, Pham P, et al.. Implications of bleeding in acute coronary syndrome and percutaneous coronary intervention. Vasc Health Risk 
Manag. 2011;7:551–567. doi:10.2147/VHRM.S23862

27. Sabatowski K, Malinowski KP, Siudak Z, et al.. Sex-related differences and rotational atherectomy: analysis of 5177 percutaneous coronary 
interventions based on a large national registry from 2014 to 2020. Kardiol Pol. 2021;79(12):1320–1327. doi:10.33963/KP.a2021.0131

28. Akhter N, Milford-Beland S, Roe MT, et al.. Gender differences among patients with acute coronary syndromes undergoing percutaneous coronary 
intervention in the American College of Cardiology-National Cardiovascular Data Registry (ACC-NCDR). Am Heart J. 2009;157(1):141–148. 
doi:10.1016/j.ahj.2008.08.012

29. Epps K, Goel R, Mehran R, et al.. Influence of race/ethnicity and sex on coronary stent outcomes in diabetic patients. J Soc Cardiovasc Angiogr 
Interv. 2023;2(5):101053. doi:10.1016/j.jscai.2023.101053

30. Doolub G, Iannaccone M, Rab T, et al.. Sex-based treatment and outcomes for coronary bifurcation stenting: a report from the e-ULTIMASTER 
registry. Catheter Cardiovasc Interv. 2023;102(3):430–439. doi:10.1002/ccd.30770

31. Ahn HJ, Bruno F, Kang J, et al.. Sex differences in procedural characteristics and clinical outcomes among patients undergoing bifurcation PCI. 
Korean Circ J. 2024. doi:10.4070/kcj.2024.0172

32. Hosseinpour A, Attar A, Agrawal A, et al.. Sex-specific differences in clinical outcomes in patients with coronary bifurcation lesions. Cardiol Rev. 
2023. doi:10.1097/CRD.0000000000000629

33. Osman M, Ghaffar YA, Osman K, et al.. Gender-based outcomes of coronary bifurcation stenting: a report from the national readmission database. 
Catheter Cardiovasc Interv. 2022;99(2):433–439. doi:10.1002/ccd.29704

34. Schamroth Pravda N, Perl L, Greenberg G, et al. Impact of sex on outcomes of bifurcation lesion percutaneous coronary intervention: results from a 
single-center prospective registry. Coron Artery Dis. 2022;31(1):31–36. doi:10.1097/MCA.0000000000001039

35. Iftikhar MF, Rana MOR, Naeem A, et al.. Sex disparity of DAPT noncompliance in patients with left main stem PCI with DES. Medicine. 2024;103 
(26):e38724. doi:10.1097/MD.0000000000038724

36. Malik AH, Yandrapalli S, Shetty SS, Aronow WS, Cooper HA, Panza JA. Meta-analysis of dual antiplatelet therapy versus monotherapy with 
P2Y12 inhibitors in patients after percutaneous coronary intervention. Am J Cardiol. 2020;127:25–29. doi:10.1016/j.amjcard.2020.04.027

37. Jia X, Sun W, Hoogeveen RC, et al.. High-sensitivity troponin i and incident coronary events, stroke, heart failure hospitalization, and mortality in 
the ARIC study. Circulation. 2019;139(23):2642–2653. doi:10.1161/CIRCULATIONAHA.118.038772

38. Lee JM, Lee SH, Kim J, et al.. Ten-year trends in coronary bifurcation percutaneous coronary intervention: prognostic effects of patient and lesion 
characteristics, devices, and techniques. J Am Heart Assoc. 2021;10(18):e021632. doi:10.1161/JAHA.121.021632

39. Kini AS, Dangas GD, Baber U, et al.. Influence of final kissing balloon inflation on long-term outcomes after PCI of distal left main bifurcation 
lesions in the EXCEL trial. EuroIntervention. 2020;16(3):218–224. doi:10.4244/EIJ-D-19-00851

40. Liu G, Ke X, Huang ZB, et al.. Final kissing balloon inflation for coronary bifurcation lesions treated with single-stent technique: a meta-analysis. 
Herz. 2019;44(4):354–362. doi:10.1007/s00059-017-4647-1

41. Hu F, Tu S, Cai W, et al.. Double kissing mini-culotte versus mini-culotte stenting: insights from micro-computed tomographic imaging of bench 
testing. EuroIntervention. 2019;15(5):465–472. doi:10.4244/EIJ-D-18-00688

42. Barycki M, Rola P, Włodarczak A, et al.. Evaluation of small vessel bifurcation stenting using the double-kissing culotte and culotte technique in 
acute coronary syndrome: 12-month clinical outcomes. Clin Cardiol. 2024;47(11):e70043. doi:10.1002/clc.70043

Vascular Health and Risk Management 2025:21                                                                                https://doi.org/10.2147/VHRM.S513926                                                                                                                                                                                                                                                                                                                                                                                                    369

Włodarczak et al

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.4244/EIJ-D-23-00013
https://doi.org/10.1016/s0002-9149(98)00510-4
https://doi.org/10.1093/eurheartj/ehw345
https://doi.org/10.1093/eurheartj/ehw345
https://doi.org/10.4244/EIJ-D-20-00130
https://doi.org/10.4244/EIJ-D-20-00130
https://doi.org/10.3389/fcvm.2024.1336750
https://doi.org/10.5114/aic.2023.133253
https://doi.org/10.5114/aic.2023.133253
https://doi.org/10.3390/jcm13237392
https://doi.org/10.1093/eurheartj/ehy223
https://doi.org/10.4244/EIJ-D-16-00361
https://doi.org/10.2147/VHRM.S374157
https://doi.org/10.1016/j.amjcard.2021.05
https://doi.org/10.1016/j.atherosclerosis.2023.117279
https://doi.org/10.1186/1471-2261-14-71
https://doi.org/10.4103/0366-6999.233965
https://doi.org/10.2147/VHRM.S23862
https://doi.org/10.33963/KP.a2021.0131
https://doi.org/10.1016/j.ahj.2008.08.012
https://doi.org/10.1016/j.jscai.2023.101053
https://doi.org/10.1002/ccd.30770
https://doi.org/10.4070/kcj.2024.0172
https://doi.org/10.1097/CRD.0000000000000629
https://doi.org/10.1002/ccd.29704
https://doi.org/10.1097/MCA.0000000000001039
https://doi.org/10.1097/MD.0000000000038724
https://doi.org/10.1016/j.amjcard.2020.04.027
https://doi.org/10.1161/CIRCULATIONAHA.118.038772
https://doi.org/10.1161/JAHA.121.021632
https://doi.org/10.4244/EIJ-D-19-00851
https://doi.org/10.1007/s00059-017-4647-1
https://doi.org/10.4244/EIJ-D-18-00688
https://doi.org/10.1002/clc.70043


43. Fan L, Chen L, Luo Y, et al.. DK mini-culotte stenting in the treatment of true coronary bifurcation lesions: a propensity score matching comparison 
with T-provisional stenting. Heart Vessels. 2016;31(3):308–321. doi:10.1007/s00380-014-0611-7

44. Barycki M, Rola P, Włodarczak A, et al.. One-year comparative outcomes of DK culotte and culotte techniques in left main bifurcation in acute 
coronary syndrome: sub-study of lower silesia culotte bifurcation registry. Kardiol Pol. 2024;82(10):999–1002. doi:10.33963/v.phj.102075

Vascular Health and Risk Management                                                                                       

Publish your work in this journal 
Vascular Health and Risk Management is an international, peer-reviewed journal of therapeutics and risk management, focusing on concise rapid 
reporting of clinical studies on the processes involved in the maintenance of vascular health; the monitoring, prevention and treatment of vascular 
disease and its sequelae; and the involvement of metabolic disorders, particularly diabetes. This journal is indexed on PubMed Central and 
MedLine. The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to 
use. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/vascular-health-and-risk-management-journal

Vascular Health and Risk Management 2025:21 370

Włodarczak et al                                                                                                                                                                   

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1007/s00380-014-0611-7
https://doi.org/10.33963/v.phj.102075
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Materials and Methods
	Study Population
	Study Endpoints
	Statistical Analysis

	Results
	Patient Characteristic
	Lesions and Procedural Features
	Clinical Outcome

	Discussion
	Limitations
	Conclusion
	Data Sharing Statement
	Disclosure

