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Abstract: Background: Optical coherence tomography (OCT) is a high-resolution imaging modality that can provide 
an accurate assessment of the coronary artery plaque rupture before stenting, or edge dissection after stenting, 
and may subsequently provide guidance for optimizing the stenting procedure. Methods: A total of 112 patients 
with coronary artery disease, who underwent OCT before and after percutaneous coronary intervention (PCI), were 
enrolled into the study. Interventional procedures were performed with the ameliorated deployment of stents ac-
cording to OCT. Results: Before PCI, 101 coronary lesion sites were examined, in which 12 plaque ruptures involved 
in intima (11.9%) were detected by OCT and only four ruptures involved in intima (4.0%) were detected by CAG (P = 
0.0327). All 12 OCT-detected plaque ruptures were limited to the intima. After PCI, 180 stent edges (89 proximal 
and 91 distal edges) were examined, in which 48 were OCT-detected edge dissections (26.7%, 48/180) and five 
were CAG-detected dissections (2.8%, 5/180) (P<0.0001). Among these 48 OCT-detected dissections, 23 lesions 
were involved in the adventitia. including 10 lesions at the proximal edge (35.7%, 10/28) and 13 lesions at the 
distal edge (65.0%, 13/20, P = 0.0433). Finally, four stents were deployed over the plaque ruptures due to OCT, 
and 13 stents were implanted over the OCT-detected edge dissections. Conclusion: OCT may detect plaque rupture 
missed by CAG, allow the thorough examination of stent edge dissections after PCI, and may subsequently provide 
guidance for optimizing the PCI procedure.
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Introduction

Coronary artery dissection is a common compli-
cation of percutaneous coronary intervention 
(PCI), which may induce thrombus formation. In 
severe cases, it can lead to acute coronary 
occlusion and become life-threatening. Th- 
erefore, the timely detection and treatment of 
coronary artery dissections is vital to improve 
the success rate of PCI and patient prognosis. 
Coronary angiography (CAG) is widely used to 
guide PCI and evaluate the efficacy of coronary 
intervention, and is the gold standard for diag-
nosing coronary artery disease (CAD) with poor 
resolution for plaque dissection or rupture.

Optical coherence tomography (OCT) is a novel 
technology that provides cross-sectional and 

three-dimensional imaging in vivo with ultra-
high resolution (approximately 10-20 μm) [1, 2]. 
DOCTORS Study, a randomized-multicenter 
trial, suggested that OCT guidance during PCI 
provided useful information beyond that 
obtained by angiography alone in patients with 
acute coronary syndrome and the OCT findings 
affected physician decision-making directly, 
leading to a change in procedural strategy in 
half of cases with higher postprocedure frac-
tional flow reserve [3]. In another previous 
study, Wijns W et al. [4] considered that physi-
cian decision-making was affected by OCT 
imaging prior to PCI in 55% of all cases and at 
post-PCI in 25% of all cases. Hence, OCT infor-
mation might modify the treatment strategy in 
approximately half of the patients studied. 
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However, this did not refer to the nature of the 
dissections including depth and location, and 
the evaluation of the necessity of stent implan-
tation according to OCT results. In our study, we 
aimed to determine whether OCT may provide a 
timely and accurate diagnosis of plaque rup-
ture or dissection before PCI or the degree of 
immediate dissection at the stent edge after 
PCI, and verify whether the information provid-
ed by OCT may contribute to PCI procedures 
and ameliorate the implantation of the stent.

Methods

This prospective study was approved by the 
local ethics committee, and all patients provid-

ed written informed consent. A total of 112 
adult patients with CAD (51 male and 61 female 
patients, average age: 64.7±10.4 years) in a 
single center (Department of Cardiology, Uni- 
versity Jean Minjoz Hospital, Franche-Comté 
University, Besançon, France) from March 
2011 to September 2014 were recruited into 
this study. Baseline characteristics of patients 
are presented in Table 1. Among these 112 
patients, 12 patients had ST-segment eleva-
tion myocardial infarction, 26 patients had non-
ST-segment elevation myocardial infarction, 24 
patients had stable angina, 39 patients had 
unstable angina, and 11 patients had silent 
ischemia. Furthermore, among these 112 
patients, 42.9% of these patients were diag-
nosed with single-vessel disease, 38.4% of 
these patients were diagnosed with double-
vessel disease, and 18.7% of these patients 
were diagnosed with multivessel disease. Ex- 
clusion criteria were as follows: (1) patients 
with contraindications for PCI; (2) patients with 
interventional failure caused by difficulty in 
passing the OCT catheter through the lesions; 
(3) patients the stent edges after PCI that could 
not to be completely displayed, or the distance 
between the vessel wall and edge of the stent 
was <5 mm on the OCT image. Because 15 
patients did not underwent OCT before PCI, and 
another 13 patients did not underwent OCT 
after PCI, only 97 patients with OCT images 
before PCI and 99 patients with OCT images 
after PCI were included for further analysis. 
During each OCT procedure, no serious compli-
cation was observed in all the patients studied; 
except for one patient who experienced tempo-
rary coronary spasm, which was relieved sev-
eral minutes after the administration of nitro-
glycerin, and two patients who presented with 
transient reduction of blood flow in the investi-
gated coronary artery.

CAG and OCT procedures

CAG and OCT were performed in all patients to 
identify potential coronary artery plaque rup-
tures or dissections before and after PCI. CAG 
was performed via the femoral or radial artery 
access using the Seldinger method, while OCT 
was performed using the FD-OCT Optis system 
(Lightlab Imaging Incorporated, Westford, MA, 
USA) [3-6] using non-blocking blood flow tech-
nology. After the guidewire was inserted into 
the target blood vessel, the OCT catheter was 
pushed into the distal lesion along the guide-

Table 1. Baseline characteristics of patients
Overall  

(n = 112)
Age, yrs 64.7±10.4
Male, n (%) 51 (45.5)
Female, n (%) 61 (54.5)
Hypertension, n (%) 64 (57.1)
Dyslipidemia, n (%) 63 (56.3)
Diabetes mellitus, n (%) 19 (17.0)
Smoker, n (%) 41 (36.6)
Obesity, n (%) 29 (25.9)
With family history of CVD, n (%) 25 (22.3)
Myocardial infarction, n (%) 43 (38.4)
Heart failure, n (%) 6 (5.4)
Stroke, n (%) 4 (3.6)
Renal insufficiency, n (%) 14 (12.5)
Valvular heart disease, n (%) 12 (10.7)
Angioplasty, n (%) 39 (34.8)
Indication for coronary angiogram
    STEMI, n (%) 12 (10.7)
    Non STEMI, n (%) 26 (23.2)
    Stable angina, n (%) 24 (21.4)
    Unstable angina, n (%) 39 (34.8)
    Silent ischemia, n (%) 11 (9.8)
No. vessels diseased
    One, n (%) 48 (42.9)
    Two, n (%) 43 (38.4)
    Three, n (%) 21 (18.7)
Target vessel
    Left main coronary artery, n (%) 3 (2.7)
    Left anterior descending artery, n (%) 52 (46.4)
    Left circumflex artery, n (%) 19 (17.0)
    Right coronary artery, n (%) 38 (33.9)
CVD, cardiovascular diseases; STEMI, ST-segment eleva-
tion myocardial infarction.
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wire. The automated pullback was performed 
at 20 mm/s, while blood signals were removed 
by continuous injection of the iso-osmotic con-
trast medium via the guiding catheter. If the 
obtained image was of poor quality, the pull-
back was repeated after modifying the probe 
position or flushing intensity of the contrast 
medium. The data were digitally stored for 
offline analysis [7-9]. All OCT and CAG images 
were analyzed using the previously validated 
criteria by two independent investigators who 
were blinded to the clinical presentation and 
lesion characteristics [8]. 

Modification of standard treatment strategy

The CAG images were screened for the follow-
ing typical manifestations of coronary artery 
dissection: (1) a separate intima within the 
lumen of the coronary artery, displaying a thin 
and bright linear structure parallel to the lumen 
or spiral; (2) the contrast agent filled a false 
lumen with delayed clearance or retention of 
the contrast agent, and the true lumen was 
compressed or revealed no changes; (3) isolat-
ed intimal fragment fluttering with blood flow 
within the lumen of the coronary artery; or (4) 
irregular lumen of the coronary artery with seg-
mental broadening [1].

The OCT images were analyzed according to 
previously established definitions of plaque 
ruptures and edge dissections [5, 6, 9]. Briefly, 
plaque ruptures were identified as rims of tis-
sue protruding into the lumen in this study [5, 
10-11]. Edge dissection was defined as the 
presence of a linear rim of tissue, with a width 
≥ 200 µm and a clear separation from the ves-
sel wall, or a plaque that was adjacent (<5 mm) 
to the stent edge [4, 6, 11]. A dissection was 
classified as either intimal, if it was limited to 
the intima or atheroma and did not extend to 
the media, or adventitial, if it extended through 
the media [10].

show false lumen with entrance; (e) dissections 
that cause coronary artery occlusion or are on 
the brink of occlusion.

Statistical analysis

The successive quantitative data were report-
ed as means ± standard deviation (SD). All 
qualitative data were assessed using Fisher’s 
exact test. A two tailed P-value of <0.05 was 
considered statistically significant. All statisti-
cal analyses were performed using SPSS 13.0 
for Windows release 13:0 (Copyright Spss Inc., 
1989-2004 Armonk, NY, USA).

Results

Detection of plaque rupture and stent edge 
dissection by optical coherence tomography

Before PCI, a total of 101 coronary arteries 
were evaluated in 97 patients, including three 
left main coronary arteries (LM), 46 left anteri-
or descending (LAD) branches, 17 left circum-
flex branches (LCX) and 35 right coronary arter-
ies (RCA). A significantly higher number of 
plaque ruptures or spontaneous dissections 
was detected by OCT than by CAG. That is, 12 
plaque ruptures involved in intima (11.9%, 
12/101) in 12 patients (12.4%, 12/97) were 
detected by OCT (Table 2), while 4 plaque rup-
tures involved in intima (4.0%, 4/101) in four 
patients (4.1%, 4/97) were detected by CAG. 
[11.9% (OCT) vs. 4.0% (CAG), P = 0.03 for the 
lesions; and 12.4% (OCT) vs. 4.1% (CAG), P = 
0.03) for the patients].

After PCI, a total of 103 coronary arteries with 
103 stents and 180 stent edges were analyzed 
(89 proximal and 91 distal edges) in 99 
patients, including three LMs, 48 LAD branch-
es, 16 LCXs and 36 RCAs. A significantly higher 
number of dissections at the stent edges were 
detected by OCT than by CAG; that is, 48 OCT-
detected dissections (26.7%, 48/180) were 

Table 2. Qualitative findings of Plaque rupture before angioplasty
CAG  

(n = 101)
OCT  

(n = 101) P value

Plaque intimal rupture, n (%) 4 (4.0) 29 (28.7) <0.0001
Involved in intimal dissection, n (%) 4 (4.0) 12 (11.9) 0.0327
Non-involved in intimal dissection, n (%) 0 (0.0) 17 (16.8) <0.0001
CAG coronary angiography; OCT optical coherence tomography.

Based on these OCT results, 
the following standards were 
determined for stent impla- 
ntation(s) [9]: (a) plaque rupture 
associated with stenosis of 
>50%; (b) plaque rupture ex- 
ceeding 10 mm in length; (c) 
dissections combined with th- 
rombosis; (d) dissections that 
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found at the stent edges and five CAG-detected 
dissections (2.8%, 5/180) were found at stent 
edges (P<0.0001).

Location of plaque dissection and stent edge 
dissection

Before PCI, 10 OCT-detected plaque ruptures 
were found at the proximal shoulder of plaques, 
and two OCT-detected plaque ruptures were 
found at the distal shoulder (P = 0.0165). All 
OCT-detected dissections were limited to the 
intima. 

After PCI, 28 stent edge dissections at 89 proxi-
mal edges of stents and 20 stent edge dissec-
tions at 91 distal edges of stents were found by 
OCT. It appears that there was a trend of higher 
occurrence for dissections at the proximal edge 
(31.5%, 28/89) than at the distal edge (22.0%, 
20/91) in these stents, although the differen- 
ce did not reach statistical significance (P = 

0.1776). Twenty-three lesions involved the 
adventitia in the 48 stent edge dissections, 
including 13 lesions at the distal edge (65.0%, 
13/20) and 10 lesions (35.7%, 10/28) at the 
proximal edge of the stent; and the difference 
was statistically significant (P = 0.0433).

Supplementary stent implantation based on 
optical coherence tomography 

A total of 17 patients (15.2%) benefited from 
supplementary stent implantation after diag-
nostic CAG or after PCI due to the higher resolu-
tion of OCT compared to that of CAG in all 112 
patients with CAD, in which four patients with 
plaque rupture before PCI were implanted with 
a stent (Figure 1) and 13 patients with stent 
edge dissection after PCI were implanted with  
a second stent (Figures 2 and 3), including 
eight stents in 20 distal edge dissections and 
five stents in 28 proximal edge dissections (P = 
0.401).

Figure 1. (A) Coronary angiography (CAG) showing thrombus (arrows) in the middle of the left anterior descending 
(LAD) artery. (B-E) Optical coherence tomography (OCT) showing the thrombus in the middle of the LAD (B), ath-
erosclerotic lesion associated with 76.5% stenosis at the proximal edge of thrombus (C), and a dissection nearly 
7.9-mm long due to plaque rupture involving the intima (C, D, E). OCT revealed the entrance of the dissection (D), 
providing the rationale for the interventional cardiologist to implant a stent at the dissection lesion site instead of 
performing a single thrombus aspiration.
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Discussion

Coronary artery dissection is a rare and life-
threatening cause of acute coronary syndrome 
(ACS) [12]. With the development of new imag-

ing modalities and interventional techniques, 
the detection rate of coronary artery plaque 
rupture and dissection has been significantly 
increased. CAG remains the main routine exam-
ination used for diagnosing coronary plaque 

Figure 2. (A) Coronary angiography (CAG) showing no abnormalities (arrow) at the proximal of the right coronary 
artery (pRCA); (B) Optical coherence tomography (OCT) showing no stent-associated stenosis in the middle of the 
RCA; (C-E) OCT images showing a nearly 13.8-mm long dissection at the proximal edge of stent in the pRCA that 
appeared normal by CAG. The exit of the dissection (C), the true and false lumens (D), the intimal tear (D) and the 
entrance (E) of the dissection were clearly revealed. Accordingly, the interventional cardiologist decided to implant 
a stent at the proximal edge of the stent.

Figure 3. (A) Coronary angiography (CAG) revealed a blurred lesion (arrows) at the distal edge of the stent on the 
left anterior descending (LAD) artery. (B, C) Optical coherence tomography (OCT) demonstrated a dissection with a 
length of 5.6 mm at the distal edge of the stent involving the intima. The skeleton of the stent and the entrance of 
the dissection were clearly displayed (B). The true and false lumens of the dissection were also revealed (C), which 
were treated with another stent implantation at the position of the dissection at the distal edge of the stent.
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rupture and guiding the coronary intervention 
procedure. However, CAG can only vaguely dis-
play the outlines of the vessel walls through 
comparing images with and without contrast 
medium, and it cannot clearly show the details 
of the intramural lesions of coronary arteries. 
Therefore, atypical coronary plaque ruptures 
can easily be misdiagnosed or overlooked 
through CAG examination. OCT is a new intra-
vascular imaging technology, and is currently 
the only technology that can clearly display the 
microscopic structures of blood vessels in vivo 
nearly at the histologic level [13]. It may thereby 
be used for the prompt detection of plaque rup-
ture and edge dissections, since it can distinct-
ly display the position of the entrance and exit, 
length, true and false lumens, and thickness of 
the tearing intima; leading to the accurate 
assessment of the characteristics of plaque 
ruptures and dissections and their severity.

Our results indicate that OCT can detect a sig-
nificantly higher number of lesions, including 
both plaque rupture before PCI and stent edge 
dissection after PCI, compared to CAG. 
Percutaneous coronary angioplasty or direct 
stent implantation is the preferred method for 
the treatment of coronary plaque rupture. In 
our study, 33.3% (4/12) of the plaque rupture 
lesions were treated with stents, according to 
the plaque rupture characteristics displayed by 
OCT before PCI. In addition, approximately 
27.1% (13/48) of lesions required implantation 
of another stent to block the edge dissection, 
prevent the dissection from expanding, or 
increase the stability of a vessel. OCT not only 
identified the plaque rupture promptly, but also 
guided the choice of clinical intervention strat-
egy [14].

The increased density of nourishing blood ves-
sels within the coronary atherosclerotic plaque 
can result in hemorrhage and rupture of 
plaques. The breakdown of the thin fibrous 
caps of these unstable plaques is the main 
cause of atherosclerosis-induced plaque rup-
ture. Vasospasm and the increased shear force 
of blood flow are also high risk factors for ath-
erosclerosis-induced rupture. Our results dem-
onstrate that most rupture lesions were located 
at the proximal shoulder of unstable atheroma-
tous plaques, and involved the intima. This is 
possibly caused by the large mechanical force 
associated with the blood flow at the proximal 

shoulder of the plaques. The tearing of the cor-
onary intima caused by the balloon dilatation of 
vessel(s) with stenosis during the PCI process 
is the most common reason for secondary dis-
section [2] Severe tearing and separation of the 
intima or media of the coronary artery mani-
fests as coronary artery dissection [2, 15]. In 
this study, 26.7% (48/180) of dissections oc- 
curred at the stent edges after stent implanta-
tion. Furthermore, stent proximal edge dissec-
tions were more frequent than distal edge dis-
sections (31.5% vs. 22.0%), but the P-value 
was not statistically significant (P = 0.1776). 
Moreover, the distal dissections revealed a 
higher rate of adventitia involvement than the 
proximal dissections (65.0% vs. 37.5%, P = 
0.04). It remains equivocal whether the high 
incidence of dissections at the proximal edge of 
stents is associated with the instability of the 
proximal shoulder of plaques that are prone to 
tear, or related to the incomplete coverage of 
the plaque dissection by stents at the proximal 
shoulder. In-depth studies with a larger sample 
size would be desirable in the future to eluci-
date these mechanisms. However, the distal 
diameter of the coronary artery is smaller than 
proximal diameter. Vessels at the distal edge 
bear greater pressure during balloon dilatation. 
This would cause dissections to be deeper at 
the distal end of the stent than at the proximal 
end of the stent. 

Conclusions

In conclusion, the results of this study suggest 
that OCT can clearly display coronary artery 
plaque rupture lesions before PCI, and edge 
dissections after PCI, and provide guidance in 
optimizing coronary interventional procedures. 
For patients with suspicious ruptures or dissec-
tions before or after PCI, an OCT examination 
may be recommended. Further long-term stud-
ies are needed to confirm whether the general-
ized application of OCT can help improve long-
term prognosis in a larger population of 
patients.
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