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Myocardial bridge (MB) is the most frequent inborn coronary artery variant in which a 
portion of the myocardium overlies an epicardial coronary artery segment. Although 
MB has long been considered a benign entity, a growing body of evidence has sug-
gested its association with angina and adverse cardiac events. However, to date, 
no data on long-term prognosis are available, nor on therapies improving cardiovas-
cular outcomes. We are currently conducting an ambispective, observational, multi-
centre, study in which we enrol patients with a clinical indication to undergo 
coronary angiography (CA) and evidence of MB, aiming to describe the incidence 
of symptoms and cardiovascular events at baseline and at long-term follow-up 
(FUP). The role of invasive full-physiology assessment in modifying the discharge 
therapy and eventually the perceived quality of life and the incidence of major car-
diovascular events will be analysed. Basal clinical-instrumental data of eligible and 
consenting patients have been acquired after CA; FUP was performed 6, 12, and 
24 months after the angiographic diagnosis of MB. The primary endpoint of the study 
is the incidence of major adverse cardiovascular events (MACE), defined as the com-
posite of cardiac death, myocardial infarction, cardiac hospitalization, and target 
vessel revascularization; the secondary endpoints are the rate of patients with 
Seattle Angina Questionnaire (SAQ) summary score <70 and the incidence of MACE  
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in patients undergoing invasive intracoronary assessment. Among patients undergone 
FUP visits, we recorded 31 MACE at 6 months (11.6%), 16 MACE at 12 months (6.5%), 
and 26 MACE at 24 months (13.5%). The rate of patients with SAQ <70 is 18.8% at 6 
months, 20.6% at 12 months, and 21.8% at 24 months. To evaluate the prognostic role 
of invasive intracoronary assessment, we compared MB patients who underwent only 
angiographic evaluation (Angio group) to those who underwent acetylcholine (ACH) 
provocative test with indication to calcium-channel blockers (CCBs) at discharge 
(Angio + ACH + CCBs group) and those who underwent functional assessment with 
fractional flow reserve (FFR) with indication to beta-blockers (BBs) at discharge 
(Angio + FFR + BBs group). After 2 years of FUP, the rate of MACE was significantly re-
duced in both Angio + ACH + CCBs group (6 vs. 25%, P = 0.029) and Angio + FFR + BBs 
group (3 vs. 25%, P = 0.005) compared with Angio group. The preliminary results of 
our study showed that MB may be a cause of angina and adverse cardiac events in 
patients referred to CA for suspected coronary artery disease (CAD). Full-physiology 
assessment unmasking MB-related ischaemia mechanisms, allowed to guide the 
treatment, personalizing the clinical management, improving the quality of life, 
and cardiovascular outcomes in patients with MB.

Introduction

Myocardial bridge (MB) is the most frequent congenital 
coronary anomaly in which a portion of the myocardium 
overlies an epicardial coronary artery segment, most fre-
quently (70–98%) the left anterior descending (LAD).1,2

This tunnelled artery is compressed during systole, re-
sulting in the so-called ‘milking effect’ at coronary angi-
ography (CA).3 However, coronary blood flow occurs 
primarily during diastole, so the clinical and haemo-
dynamic relevance of MB is still a matter of debate.4

Although most patients affected by MB are asymptomat-
ic, some of them may experience anginal symptoms, 
angina-equivalents, and, less frequently, acute coronary 
syndromes (ACS) and arrhythmias.5 Moreover, a growing 
body of evidence suggested that MB may coexist with 
concomitant coronary artery disease (CAD), coronary ar-
tery spasm (CAS), and coronary microvascular dysfunc-
tion (CMD).2,6

Since CA does not provide any information on the 
haemodynamic significance of MB, nor on functional dis-
orders related to it, the advent of invasive intracoronary 
assessment tools has strongly improved the understand-
ing of MB pathophysiology.2,7 Imaging tools, such as op-
tical coherence tomography (OCT) and intravascular 
ultrasound (IVUS), have allowed to better distinguish 
the morphological features of MB,8–10 and detect the fre-
quent association with native or neo-atherosclerotic pla-
que.11,12 In addition, invasive pressure wire-based 
techniques, such as fractional flow reserve (FFR), con-
trast FFR (cFFR), and instantaneous wave-free ratio 
(iFR), can be used in the cardiac catheterization labora-
tory to physiologically describe the relevance of MB with 
or without concomitant epicardial CAD.2,5,13

Lastly, vasomotor disorders and microvascular dys-
function may represent two further pathophysiological 
hallmarks of MB-related ischaemia. In fact, previous 
studies demonstrated that CAS and microvascular 

dysfunction are more common in patients with than in 
those without MB.14–20

Our RIALTO (Myocardial Bridge Evaluation Towards 
Personalized Medicine) registry, by setting up a database 
of patients affected by MB, has the aim to describe the 
main clinical and anatomical characteristics of MB pa-
tients and the risk of future cardiovascular events. 
Furthermore, since the poor therapeutic evidence and 
the lack of agreement on a proposed comprehensive in-
vasive assessment, we sought to evaluate the role of a 
full-physiology evaluation together with intracoronary 
imaging and provocative tests in detecting pathophysio-
logical MB endotypes.

At the end of enrolment, the expected results might 
provide real-world evidence of data-driven decision- 
making to help patients with MB by modifying the current 
diagnostic and therapeutic algorithm.

Methods

‘RIALTO’ is an ambispective and observational multicen-
tre registry (ClinicalTrials.gov Identifier: NCT05111418) 
that currently involves five centres in Italy: 

• Fondazione policlinico universitario agostino gemelli 
IRCSS, Roma, ITALIA

• Policlinico s. Martino IRCSS, Università di Genova, 
Genova, ITALIA

• Centro cardiologico monzino IRCSS, milano, ITALIA
• Arcispedale s. Anna, Azienda Ospedaliero-Università 

di Ferrara, Ferrara, ITALIA
• Fondazione policlinico tor vergata, roma, ITALIA

The inclusion criteria are: 

• patients referred to undergo invasive CA (for elective 
or urgent indications) for suspected CAD, found to 
have MB with or without other coronary lesions;

• age above 18 years old;
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• ability to provide Informed Consent.

Criteria for exclusion from the study are: 

• patients with life expectancy <12 months;
• patients with severe valvular heart disease.

The endpoints of this study are:
PRIMARY ENDPOINT: 

• Incidence of major adverse cardiovascular events 
(MACE), defined as the composite of cardiac death, 
myocardial infarction, cardiac hospitalization, and 
target vessel revascularization.

SECONDARY ENDPOINT: 

• Rate of patients with Seattle Angina Questionnaire 
(SAQ) <70;

• The incidence of MACE in patients undergoing inva-
sive intracoronary assessment.

Study procedure
Coronary angiography with or without revascularization 
and invasive intracoronary assessment are performed ac-
cording to standard practice and are not part of the pre-
sent study protocol. After ascertaining the presence of 
MB on diagnostic CA, clinical-instrumental and labora-
tory data of eligible and consenting patients are acquired 
by the principal investigator or his delegates. No indica-
tion is given to the operator on how to characterize the 
significance of the MB: the use of intracoronary imaging 
and/or the decision to perform a full-physiology assess-
ment and/or provocative test is left to operator’s deci-
sion. Clinical-instrumental and laboratory data include: 
complete demographics assessment; past medical his-
tory; cardiovascular risk profile; pharmacological anam-
nesis with specific data about dosage and time from 
initiation of beta-blockers (BBs) or calcium-channel 
blockers (CCBs); present cardiac complaints; cardiac 
examination; electrocardiogram (ECG); comprehensive 
echocardiographic evaluation; data about non-invasive 
evidence of inducible ischaemia (including stress ECG, 
SPECT, positron emission tomography, magnetic reson-
ance imaging, stress-Echo); coronary CT scan data (in-
cluding position, length, depth, number of collaterals, 
angle of entrance, number of curves of the bridged seg-
ment); invasive coronary data including results of func-
tional tests (FFR; iFR; cFFR), assessment of coronary 
microcirculation (coronary flow reserve, CFR; index of 
microcirculatory resistance, IMR), provocative tests 
(acetylcholine, ACH), with details on any drugs adminis-
tered during the assessments, and intracoronary imaging 
(OCT and IVUS). Patients are contacted 6, 12, and 24 
months after the angiographic diagnosis of MB for a tele-
phone interview or for a clinical visit. The data obtained 
in the follow-up (FUP) visit are included in the study, 
without adding treatments other than those envisaged 
in normal clinical practice. The main data collected at 
the FUP are: pre-specified adverse cardiac events (an-
gina, death for all cause, cardiovascular death, myocar-
dial infarction, cardiac hospitalization, and target lesion 
revascularization) with the date of occurrence; and SAQ.

Sample size
Since this is an observational study, the sample size is 
fixed, and no minimum required population is calcu-
lated. Some expectations about the final size of the 
registry can however be made. The incidence of the myo-
cardial bridge in the general population is widely de-
bated with autopsy studies showing this condition in up 
to 50% of patients while angiographic studies reported 
rate of detection ranging from 0.5 up to even 16% of pa-
tients.1 Considering an average incidence of 10% on 
around 1500 angiography per year, and accounting for a 
dropout rate of 30% year due to underreporting of the 
condition, impossible data retrievement, denial of con-
sent, or exclusion criteria, the final registry size would 
be around 500 patients.

Statistical analysis
Baseline characteristics are summarized as means and 
standard and deviations or medians and interquartile 
ranges according to normality verified by the 
Kolmogorov-Smirnov test. Difference between categor-
ical variables is compared using the χ2 test or the 
Mann–Whitney test (if not normal), difference between 
means will be compared with ANOVA or Kruskal Wallis 
test according to normality. Time to event data was eval-
uated using the log-rank test and Kaplan–Meier and with 
Cox proportional hazard model to identify the significant 
contributing factors. All analysis is performed on SPSS 
v23 (IBM Inc.).

Results

We analysed CA performed between June 2015 and 
March 2022, using the the dedicated software specific 
for each centre included in the study. After the screening 
phase, 405 eligible and consenting patients (estimated 
incidence of 2%) were included in the study so far. The 
mean age of patients was 66 ± 14.6 years. All the demo-
graphic and clinical characteristics of MB patients are 
summarized in Table 1. MBs were more frequent among 
men (291; 72%) than women (114; 28%). We also assessed 
the prevalence of cardiovascular risk factors and co-
morbidities, as well as clinical data such as previous per-
cutaneous coronary intervention (PCI) and previous 
coronary artery bypass graft (Table 1) in patients with 
MB. Hypertension (62%) and dyslipidaemia (53.8%) were 
the most prevalent cardiovascular risk factors, found in 
more than 50% of patients (Table 1). The most frequent 
location of MB was the LAD coronary artery (96.8% of 
the study group); other relatively rare locations were 
the circumflex artery (1.5%), the right coronary artery 
(0.5%), the posterior interventricular artery (0.5%), the 
first diagonal artery (0.5%), and the first septal artery 
(0.2%) (Table 1). Figures 1–3 show that MBs were more 
frequent in patients with a chronic clinical presentation 
(62%) than those with acute clinical presentations. 
Interestingly, a big proportion (154; 38%) of our patients 
was found to have MB during the occurrence of an ACS 
(Figure 2). In this acute setting, unstable angina (UA) 
was the most frequent clinical presentation (52; 
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33.8%), following by ST-segment elevation myocardial in-
farction (STEMI) (31; 20.1%); non-STEMI (NSTEMI) (24; 
15.6%); myocardial infarction with non-obstructive cor-
onary arteries (MINOCA) (12; 7.8%); and Tako-Tsubo 
Syndrome (7; 4.5%) (Figure 2). Moreover, 28 patients 
(18.2%; ‘Others group’) were found to have MB during 
the occurrence of an atypical clinical presentation, 
such as arrhythmia, myocarditis, syncope, or stroke 
(Figure 2). Among patients with chronic clinical presen-
tation, stable CAD was the most frequently detected en-
tity (182; 72.5%) (Figure 3). Provocative test with 
intracoronary incremental dose of ACH was performed 
in 72 patients (17.8%) (Figure 4) in order to unmask the 
presence of CAS, in patients with a clinical presentation 
suggestive of vasospastic angina (VSA). In 39 of them 
(54%), ACH test resulted diagnostic for VSA according 
to the occurrence of usual chest pain, transient ECG 
ST-segment modifications, and the evidence of transient 
epicardial CAS.7,21 Among patients with chronic clinical 
presentation, 22 of them (8.8%) were hospitalized due 
to clinical symptoms and signs of heart failure (HF) 
(Figure 3), and they underwent CA to rule out an ischae-
mic aetiology underlying HF. However, CA did not show 
obstructive CAD. Finally, a minority of patients (3.2%) 
were found to have a specific endotype of microvascular 
angina (Figure 3). In particular, the use of invasive index, 
such as CFR and IMR, unmasked a structural endotype of 
microvascular angina when CFR <2 and IMR >25; while 
the occurrence of typical angina and the development 
of ischaemic ST-segment changes during ACH test, in 
the absence of an epicardial coronary diameter reduc-
tion ≥90%, were diagnostic for the functional endotype 
of microvascular angina (microvascular CAS).7

Sixty-four patients underwent invasive physiology evalu-
ation with pressure wire-based techniques in order to as-
sess the haemodynamic significance of MB and proximal 
stenosis (Figure 4). Fractional flow reserve was assessed 
in conditions of hyperaemia mediated by intravenous or 

Table 1 Baseline characteristics of the patients (N = 405)

Demographics
Age—mean years ± SD 66 ± 14.6
Female sex—n (%) 114 (28.1) 

8/26 (30.8)
Body mass index—mean ± SD 26.3 ± 3.9
Risk factors and medical history  

[n. (% on total number)]
Hypertension 251 (62.0) 

20/26 (76.92)
Diabetes mellitus 55 (13.6) 

0/26 (0)
Dyslipidaemia 218 (53.8) 

1/26 (3.85)
Former smoker 109 (26.9) 

23/26 (88.46)
Active smoker 70 (15.6) 

1/26 (3.85)
Previous stroke 10 (2.6) 

1/26 (3.85)
Previous MI 33 (8.1) 

10/26 (38.46)
Previous CABG 2 (0.5) 

8/26 (30.77)
Previous PCI 58 (14.3) 

21/26 (80.77)
Myocardial bridge site [n./total n. (%)]
Left anterior descending artery 392/405 (96.8) 

1/26 (3.9)
Left circumflex artery 6/405 (1.5) 

11/26 (42.3)
Right coronary artery 2/405 (0.5)
Posterior descending artery 2/405 (0.5) 

0/26 (0)
First diagonal branch of LAD 2/405 (0.5)
First septal branch of LAD 1/405 (0.2)

MI, myocardial infarction; CABG, coronary artery bypass graft; PCI, 
percutaneous coronary intervention; LAD, left anterior descending 
artery; n., number; SD, standard deviation.

Figure 1 Clinical presentation: all patients.
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intracoronary administration of adenosine, or by intra-
coronary administration of contrast (cFFR); iFR was as-
sessed baseline and after inotropic or chronotropic 

stimulation (respectively with dobutamine and atro-
pine), to enhance the haemodynamic relevance of 
MB.13 Finally, 15 patients underwent CA with invasive 

Figure 2 Clinical presentation: acute setting.

Figure 3 Clinical presentation: chronic setting.

Figure 4 Invasive intracoronary assessment. FFR, fractional flow reserve assessment; iFR, instantaneous wave-free ratio; OCT, optical coherence tom-
ography; IVUS, intravascular ultrasound.
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intracoronary imaging (OCT) to explore the morphologic-
al and anatomical characteristics of MB and the quantita-
tive and qualitative features of the atherosclerotic 
burden detected proximal to MB (Figure 4). In our study, 
OCT highlighted the presence of a heterogeneous fusi-
form band with sharp borders and low/ 
intermediate-intensity signal, similar to tunica media, 
surrounding the vessel adventitia (Figure 5).

Among patients who have already undergone FUP visit 
at 6 months (266; 66%), 12 months (247; 61%), and 24 
months (193; 48%), we recorded 31 MACE (11.7%) at 6 
months, 16 MACE, at 12 months (6.5%) and 26 MACE 
(13.5%) at 24 months (Table 2). The rate of patients 
with SAQ Angina Summary Score <70, which represents 
an angina affecting patient’s quality of life, is 18.8% 

(50 patients) at 6 months, 20.6% (51 patients) at 12 
months, and 21.8% (42 patients) at 24 months (Table 2).

To evaluate the prognostic impact of invasive intracor-
onary assessment, we arbitrarily divided the patients 
undergone FUP visits into three subgroups, based on 
the invasive intracoronary assessments performed dur-
ing CA. In particular, we defined the following groups: 

• ‘Angio group’, composed of patients undergone only 
angiographic evaluation, and not functional or pro-
vocative tests;

• ‘Angio + ACH group’, characterized by patients 
undergone ACH provocative test during CA;

• ‘Angio+FFRgroup’, characterized by patients under-
gone functional tests with FFR, iFR, or cFFR during CA.

We found no significant differences between the three 
groups in cardiovascular risk profile, except for the 
prevalence of female sex in the Angio + ACH group 
(Table 3). After 2 years of FUP, considering all the MACE 
occurred during the three FUP intervals (0–6 months; 
6–12 months; and 12–24 months), the rate of MACE was 
higher in Angio group (25% of MACE) compared with 
Angio + ACH group and Angio + FFR group (both with 20% 
of MACE), but it did not differ significantly (Figure 6). 
Nevertheless, the three groups significantly differed in 
discharge therapy (Table 3). Therefore, in order to evalu-
ate the role of invasive assessment and of discharge ther-
apy in modifying cardiovascular outcomes, we define two 
new subgroups: 

Figure 5 Role of optical coherence tomography in myocardial bridge-assessment. OCT, optical coherence tomography; MB, myocardial bridge; CAD, cor-
onary artery disease; PCI, percutaneous coronary intervention; DES, drug eluting stent.

Table 2 MACE and SAQ at follow-up

Follow-up time 0–6 
months

6–12 
months

12–24 
months

Number of 
patients

266 247 193

MACE—n. (%) 31 (11.7) 16 (6.5) 26 (13.5)
SAQ < 70—n. (%) 50 (18.8) 51 (20.6) 42 (21.8)

MACE, major adverse cardiovascular events; SAQ, Seattle Angina 
Questionnaire.
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• ‘Angio + ACH + CCBs group’, characterized by pa-
tients undergone ACH provocative test during CA 
with indication to CCBs at discharge;

• ‘Angio + FFR + BBs group’, characterized by patients 
undergone functional tests with FFR, iFR, or cFFR 
during CA with indication to BBs at discharge.

Among these subgroups, after 2 years of FUP, the rate 
of MACE was significantly reduced in both Angio + ACH + 
CCBs group (6 vs. 25%, P = 0.029) and Angio + FFR + BBs 
group (3 vs. 25%, P = 0.005) compared with Angio group 
(Figure 6).

Discussion

Myocardial bridge has been typically considered a by-
stander since most patients are asymptomatic and only 
a minority of them undergo CA.1 Nevertheless, recent 
evidence has suggested its correlation with myocardial 
ischaemia and cardiac complications.2 The early results 
of our study confirmed that MB may be associated with 
angina and MACE. Furthermore, a remarkable proportion 

of our patients were found to have MB during the occur-
rence of an ACS or a CCS, highlighting that different me-
chanisms of ischaemia are not mutually exclusive. In 
fact, MB coexisted with other ischaemic conditions, 
such as obstructive CAD, ACS, MINOCA, and ischaemia 
with non-obstructive coronary artery disease (INOCA). 
In this regard, we did not exclude from the registry pa-
tients with angiographic evidence of coronary throm-
bosis, critical stenosis, or functional disorders. Surely, 
this makes it difficult to understand whether reported 
MACE and symptoms are directly or indirectly attributed 
to MB. However, as our data confirmed, it is well known 
that several structural and functional disorders of coron-
ary circulation may coexist, and the evidence of one of 
them should not limit to perform a comprehensive func-
tional assessment.22 Since MB has been recently recog-
nized as a cause of INOCA by the European Association 
of Percutaneous Cardiovascular Interventions, invasive 
intracoronary assessment should be performed once it 
is detected, allowing to guide the treatment according 
to the specific pathohistological endotype of myocardial 
ischaemia.7 In our study, invasive provocative test 

Table 3 Clinical and therapeutic variables in diagnostic groups

Angio Angio + ACH Angio + FFR P-value

Clinical features
Female sex—n (%) 40 (22.9%) 19 (30.4%) 9 (20.5%) 0.035
Hypertension 118 (67.4%) 29 (61.7%) 22 (50%) 0.096
Diabetes mellitus 24 (13.7%) 6 (12.8%) 9 (20.5%) 0.487
Dyslipidaemia 96 (54.9%) 25 (53.2%) 22 (50%) 0.843
Smoker 77 (44%) 21 (44.7%) 14 (31.8%) 0.317
Previous MI 16 (9.1%) 3 (6.4%) 8 (18.2%) 0.133
Previous PCI 28 (16%) 6 (12.8%) 12 (27.3%) 0.092
Discharge therapy
Beta-blockers 115 (65.7%) 16 (34%) 28 (63.6%) <0.001
CCB 36 (20.6%) 30 (63.8%) 9 (20.5%) <0.001
Nitrates 1 (0.5%) 2 (4.3%) 2 (4.5%) 0.175

Angio, coronary angiography; ACH, acetylcholine provocation test; FFR, fractional flow reserve assessment; MI, myocardial infarction; CABG, 
coronary artery bypass graft; PCI, percutaneous coronary intervention; CCB, calcium-channel blockers.

Figure 6 Incidence of MACE at 24 months follow-up according to diagnostic assessments (A) and personalized therapy (B). Angio, coronary angiography; 
ACH, acetylcholine provocation test; FFR, fractional flow reserve assessment; CCB, calcium-channel blockers; BB, beta-blockers.
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improved the ability to unmask vasomotor disorders as-
sociated with MB, highlighting a paradoxical vasocon-
strictive response to ACH. This allowed to prescribe a 
tailored therapy with CCBs, which improved outcomes 
(Figure 6). Similarly, invasive physiological evaluation 
(i.e. FFR, iFR, cFFR, CFR, IMR) improved the ability to as-
sess the haemodynamic significance of MB, or of the ath-
erosclerotic stenosis proximal to MB, and to detect CMD 
related to MB, allowing to prescribe a tailored therapy 
(i.e. BBs), which significantly reduced the incidence of 
MACE after 2 years of FUP (Figure 6). To date, although 
FFR is considered the gold standard for the physiological 
assessment of intermediate-grade stenosis (haemo-
dynamically significant stenosis defined as invasive FFR 
≤0.80),23,24 it also might be useful to assess dynamic cor-
onary obstructions such as MB.5,13,25 In addition to FFR, 
diastole-specific index (i.e. iFR) might be used for the 
same purpose.5 Unlike FFR which measures the trans- 
lesion pressure gradient in conditions of hyperaemia 
mediated by intravenous or intracoronary administration 
of adenosine, iFR is calculated by measuring the resting 
pressure gradient across a lesion during a portion of dia-
stole, when vascular resistance is low.26 In this regard, 
Tarantini et al.13 showed that iFR was more consistent 
with inducible ischaemia compared with FFR in symp-
tomatic MB patients: in particular, iFR at rest was abnor-
mal (<0.89) in a relevant proportion of the patients, with 
a remarkable lowering after inotropic stimulation. 
However, validated cut-off does not exist for pressure 
wire-based index in assessing dynamic coronary obstruc-
tions. Nowadays, it is well known that incidence of MB 
depends on the imaging modality used to identify it, ran-
ging from 2–6% (invasive angiographic series) to 33–42% 
(autopsy reports).2 Thereby, CA is not completely sensi-
tive for the detection of MB, and invasive imaging tools, 
such as OCT and IVUS, may be helpful to limit the under-
diagnosis of MB.2 In addition to the precision in identify-
ing morphological features of MB, OCT allows to 
characterize atherosclerotic lesions proximal to it9 and 
may be useful to guide the percutaneous treatment of 
both MB and proximal stenosis. In fact, it has been de-
monstrated that stent implantation in a MB segment 
might be associated with the occurrence of coronary per-
foration, in-stent restenosis, and very late stent throm-
bosis27–29 (Figure 5). In our study, OCT helped to detect 
MB by highlighting a peculiar morphological pattern 
that corresponded to the ‘milking effect’ seen using CA 
(Figure 5).

This study has some limitations: firstly, the observa-
tional nature of the study gives an inferior level of evi-
dence; secondly, there is not a big-size population, 
which may make the result inaccurate, first of all be-
cause the FUP data are not complete. Our study is still 
ongoing, and we hope to maximize the data in order to 
have a solid comprehension of the clinical and patho-
physiological characteristics of MB and to propose an as-
sessment protocol that may indicate a tailored therapy. 
Meanwhile, further randomized controlled studies are 
needed to confirm our findings in larger cohorts.
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