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Abstract The occurrence of deteriorated coronary flow

associated with distal embolization during percutaneous

coronary intervention results in impaired myocardial per-

fusion and worsens the clinical prognosis. This study aimed

to examine the impact of optical coherence tomography

(OCT)-determined coronary plaque morphology on the

prediction of deteriorated coronary flow after stent

implantation in acute as well as stable coronary syndromes

(ACS and SAP, respectively). We studied 126 patients who

underwent OCT during stenting for ACS (n = 44) and

SAP (n = 82) with a de novo lesion. Angiographic dete-

riorated coronary flow was defined as the deterioration of

TIMI flow grade after mechanical dilatation in the absence

of a mechanical obstruction on angiograms. Patients could

be divided into the deteriorated flow group (n = 21) and

the reflow group (n = 105). Under these conditions, the

presence of thin-cap fibroatheroma (TCFA) was more

frequently observed in the deteriorated flow group than in

the reflow group in both ACS and SAP. A multivariable

logistic regression model revealed that TCFA was an

independent predictor of deteriorated coronary flow (haz-

ard ratio: 12.32; 95 % confidence interval: 3.02–50.31;

p = 0.0005). These results demonstrate that TCFA detec-

ted by OCT could be a strong predictor of the occurrence of

deteriorated coronary flow during stent implantation in

ACS as well as SAP.
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syndrome � Stable angina � Optical coherence tomography �
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Introduction

With the increased use of percutaneous coronary inter-

vention (PCI), there is an increase in the number of dete-

riorated coronary flow cases, including no-reflow or slow-

flow phenomena, which are associated with poor functional

recovery and adverse clinical outcomes in patients with

acute as well as stable coronary syndromes (ACS and SAP,

respectively) [1–3]. Moreover, transient no-reflow or filter

no-reflow are related to myocardial damage and adverse

outcomes [4, 5]. Therefore, prediction and prevention of

deteriorated coronary flow is essential at the time of cor-

onary interventions because this can be prevented by some

distal protecting devices [6, 7].

Several studies demonstrated that in addition to clinical

factors [8], pre-intervention intravascular ultrasound

(IVUS) findings such as intracoronary thrombus, lipid pool,

positive remodeling, attenuated plaque, and necrotic core

volume [9–13] may be related to the occurrence of dete-

riorated coronary flow after PCI. Recently, we demon-

strated that scattered necrotic core pattern, which might be

equivalent to thin-cap fibroatheroma (TCFA) by virtual

histology-IVUS, is highly associated with the no-reflow

phenomenon during intervention for ACS [14, 15].

Optical coherence tomography (OCT), which is a high-

resolutional imaging modality capable of characterizing

important morphological features of atherosclerotic plaque
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such as TCFA or thrombus [16], has been widely used in a

clinical setting. However, few data exist regarding OCT

demonstration of atherosclerotic plaque, which can cause

deteriorated coronary flow during PCI. Therefore, we

examined the impact of OCT on the prediction of the

deterioration of coronary flow during intervention in ACS

as well as SAP.

Materials and methods

Study population

The study was approved by the hospital ethics committee

of Ishikawa Prefectural Central Hospital. Written informed

consent was obtained from all patients. We enrolled 141

consecutive patients undergoing OCT-guided PCI for a de

novo lesion in the native coronary artery. ACS included

acute myocardial infarction and unstable angina pectoris

[17]. Acute myocardial infarction was diagnosed from ST-

segment change and elevated creatine kinase ([3 times

above the upper limit of normal), whereas unstable angina

pectoris was defined as angina with a progressive cre-

scendo pattern or angina at rest without an increase of

creatine kinase. SAP was defined as no change in fre-

quency, duration, or intensity of anginal symptoms before

intervention [18]. Under these conditions, we studied 141

patients including 52 with ACS and 89 with SAP.

Study protocol

All patients received intravenous heparin (8000 IU) and

intracoronary isosorbide dinitrate (2 mg) before diagnostic

angiography and were administered intravenous heparin

(2000–3000 IU) every one hour during the procedure.

Platelet glycoprotein IIb/IIIa receptor inhibitors were not

used because they are not available in Japan. PCI was

performed using a 6 Fr guiding catheter.

After completion of diagnostic angiography, the culprit

lesion was observed first by OCT (M2, LightLab Imaging,

Westford, MA, USA). The culprit lesion was identified on

the basis of left ventricular wall motion abnormalities,

ECG findings, and angiographic lesion morphology. If a

large amount of thrombus was found at the culprit lesion,

thrombectomy was performed before OCT. In all patients,

a conventional PCI guide wire (0.014 in.) was advanced

across the lesion that was exchanged for an OCT Image

wire using a microcatheter (Excelsior, Boston Scientific,

Natick, MA, USA).

A continuous flushing, non-occlusive method was used

for OCT image acquisition. To flush the blood in the ves-

sel, a mixture of commercially available Dextran 40 (Low

Molecular Dextran L, Otsuka Pharmaceutical Factory,

Tokushima, Japan) and lactated Ringer’s solution were

administered directly from the guiding catheter at a rate of

2.5–4.5 mL/s using an injector pump. The OCT Imagewire

was pulled back automatically at a rate of 1 mm/s from the

distal to proximal side of the culprit lesion in all cases.

Then, conventional PCI was performed with balloon

dilatation before and/or after stent implantation. A filter-

based distal protection device (Filtrap, Japan Lifeline,

Tokyo, Japan) was used when thrombus was detected by

angiogram or suitable coronary anatomy for delivery. The

angiographic end point was\25 % of residual stenosis on

coronary angiography. Under these conditions, 100 mg/day

of aspirin plus 75 mg/day of clopidogrel or 200 mg/day of

ticlopidine was administered to all patients with loading

dose as needed. Creatine kinase levels were measured just

after the procedure and the next day in patients with SAP,

and every 6 h during the first day in patients with ACS.

Angiographic analysis

The angiographic findings in this study were assessed by an

investigator blinded to the clinical data. Quantitative cor-

onary angiography was performed off-line using an auto-

mated edge detection system (Cardiovascular Measurement

System; Goodman, Nagoya, Aichi, Japan). From the

quantitative angiographic images, reference diameter,

minimal lumen diameter, percent diameter stenosis, and

lesion length of the culprit lesion were measured. American

College of Cardiology/American Heart Association lesion

type was also assessed.

Coronary flow was assessed according to the throm-

bolysis in myocardial infarction (TIMI) criteria [19]. In this

study, TIMI flow grade 3 was observed in all ACS patients

just after thrombectomy. Angiographic deteriorated coro-

nary flow or filter no-reflow [20] was defined as the dete-

rioration of TIMI flow grade after mechanical dilatation,

such as pre-dilatation or stenting compared to TIMI flow

grade at initial or post thrombectomy in the absence of

residual stenosis\25 %, dissection, or spasm.

Optical coherence tomography images analysis

The OCT findings in this study were assessed by an

investigator blinded to the clinical and angiographic data.

OCT findings, such as ruptured plaque, thrombus, calcifi-

cation, TCFA, lipid-rich plaque, and lipid quadrants, were

evaluated as previously reported [21]. Ruptured plaque was

defined as the presence of fibrous cap discontinuity and

formation of a cavity in the plaque. Thrombus was iden-

tified as a mass protruding into the vessel lumen from the

surface of the vessel wall. Lipid-rich plaque was defined as

lipid C2 quadrants. TCFA was defined as a lipid-rich

plaque with fibrous cap thickness measuring\65 lm
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(Fig. 1). Lipid was semi-quantified as the number of

involved quadrants on cross-sectional images.

Statistical analysis

Statistical analyses were performed with Stat View software

version 5.0 (SAS Institute, Cary, NC, USA). Continuous

variables are expressed as the mean ± standard deviation.

Qualitative variables are presented as numbers and per-

centages. Continuous variables were compared using the

Student’s t test or the Mann–WhitneyU test, and categorical

data using the Chi-square test or Fisher’s exact test, as

appropriate. Multivariate logistic regression analysis was

performed to identify independent predictors of deteriora-

tion of coronary flow after stenting. This model included

univariate predictors with p\ 0.05. If the factor was

strongly correlated with others, clinically more meaningful

factors were chosen (ACS, current smoking, American

College of Cardiology/American Heart Association lesion

type B2/C, reference diameter, thrombus, TCFA). A value

of p\ 0.05 was considered statistically significant.

Results

Patient characteristics and clinical results

Of 141 patients, 15 patients who could not receive OCT

with satisfactory image quality were excluded: 5 had a

large burden of the thrombus, 2 had a large vascular

diameter, and 8 had poor image quality. Finally, 126

patients (94 males, mean age 66.8 ± 11.5 years), including

44 culprit lesions for ACS and 82 culprit lesions for SAP,

were analyzed. We divided the 126 patients into two

groups, the deteriorated flow group and the reflow group.

ACS consisted of 13 patients in the deteriorated flow group

and 31 patients in the reflow group, and SAP consisted of 8

patients in the deteriorated flow group and 74 patients in

the reflow group. Patient characteristics and clinical results

are summarized in Table 1.

In ACS patients, the frequency of acute myocardial

infarction was significantly greater in the deteriorated flow

group than in the reflow group. Peak creatine kinase levels

after PCI was significantly higher in the deteriorated flow

group than in the reflow group, although baseline levels

were similar between both groups. In contrast, there were

no significant differences in these parameters in the SAP

group. When we compared the creatine kinase levels only

in patients with acute myocardial infarction (deteriorated

flow group 12 patients, normal reflow group 16 patients),

baseline and peak creatine kinase levels were not signifi-

cantly different among the groups (baseline creatine

kinase; 384 ± 908 IU/L vs 573 ± 746 IU/L, p = 0.55,

peak creatine kinase; 2697 ± 2510 IU/L vs 1942 ± 1987

IU/L, p = 0.38, respectively). In all patients, in addition to

previous factors, the presence of current smoker, unused

aspirin, unused ticlopidine or clopidogrel, and unused

angiotensin-converting enzyme inhibitor or angiotensin

Fig. 1 Coronary angiograms

and optical coherence

tomographic images in a case of

acute coronary syndrome. a An

initial angiography shows

severe stenosis in the proximal

right coronary artery (white

arrow). Distal flow of the right

coronary artery is well

preserved. b Optical coherence

tomography at the stenotic

lesion (white arrow in a).
c Demonstrates the presence of

thrombus and a typical thin-cap

fibroatheroma. d After

aspiration of thrombus as much

as possible, the stent is deployed

dilating the proximal right

coronary artery. Under these

conditions, filter no-reflow is

observed (black arrow)
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receptor blocker were significantly greater in the deterio-

rated flow group than in the reflow group. On the other

hand, history of myocardial infarction and interventional

procedures were significantly smaller in the deteriorated

flow group than in the reflow group.

Angiographic findings

Pre-procedural angiographic findings are summarized in

Table 2. In patients with ACS, there was a trend toward a

higher frequency of low TIMI flow grade before the pro-

cedure in the deteriorated flow group than in the reflow

group. In all patients, complicated lesions were signifi-

cantly greater in the deteriorated flow group than in the

reflow group. The reference diameter and percent diameter

stenosis were significantly greater, and minimal luminal

diameter was significantly smaller in the deteriorated flow

group than in the reflow group. In deteriorated coronary

flow cases, all patients with a distal protection device had a

TIMI flow grade 3 just after the distal protection device

Table 1 Patient characteristics and clinical results

Acute coronary syndrome Stable angina pectoris All patients

Deteriorated

flow group

(n = 13)

Reflow

group

(n = 31)

p value Deteriorated

flow group

(n = 8)

Reflow

group

(n = 74)

p value Deteriorated

flow group

(n = 21)

Reflow

group

(n = 105)

p value

Age (years) 71 ± 9 65 ± 14 0.18 67 ± 11 67 ± 11 0.95 69 ± 10 66 ± 12 0.32

Male 9 (69) 25 (81) 0.44 8 (100) 52 (70) 0.10 17 (81) 77 (73) 0.46

Body mass index

(kg/m2)

23 ± 2 23 ± 3 0.76 23 ± 3 24 ± 3 0.79 23 ± 2 24 ± 3 0.55

Clinical presentation 0.01 - 0.0001

Acute myocardial

infarction

12 (92) 16 (52) 0 0 12 (57) 16 (15)

Unstable angina

pectoris

1 (8) 15 (48) 0 0 1 (5) 15 (14)

Stable angina pectoris 0 0 8 (100) 74 (100) 8 (38) 74 (70)

Coronary risk factors

Diabetes mellitus 6 (46) 10 (32) 0.49 3 (38) 29 (39) 0.99 9 (43) 39 (37) 0.62

Hypertension 7 (54) 22 (71) 0.31 4 (50) 45 (61) 0.70 11 (52) 67 (64) 0.32

Dyslipidemia 8 (62) 17 (55) 0.68 5 (63) 43 (58) 0.99 13 (62) 60 (57) 0.68

Current smoker 8 (62) 11 (35) 0.11 5 (63) 17 (23) 0.02 13 (62) 28 (27) 0.001

Previous myocardial

infarction

1 (8) 7 (23) 0.40 1 (13) 27 (36) 0.25 2 (10) 34 (32) 0.03

Previous angioplasty

or bypass surgery

1 (8) 9 (29) 0.23 3 (38) 43 (58) 0.29 4 (19) 52 (50) 0.01

Medication at hospitalization

Aspirin 1 (8) 10 (32) 0.13 5 (63) 45 (61) 0.99 6 (29) 55 (52) 0.04

Ticlopidine or

clopidogrel

0 7 (23) 0.08 1 (13) 35 (47) 0.07 1 (5) 42 (40) 0.001

Angiotensin-

converting enzyme

inhibitor or

Angiotensin

receptor blocker

3 (23) 13 (42) 0.31 2 (25) 38 (51) 0.26 5 (24) 51 (49) 0.03

b blocker 0 3 (10) 0.54 1 (13) 3 (4) 0.34 1 (5) 6 (6) 0.99

Statin 3 (23) 12 (39) 0.48 4 (50) 29 (39) 0.70 7 (33) 41 (39) 0.62

Calcium channel

blocker

5 (38) 15 (48) 0.54 4 (50) 29 (39) 0.70 9 (43) 44 (42) 0.93

Ejection fraction

(%)

49 ± 13 52 ± 11 0.43 57 ± 9 56 ± 10 0.98 51 ± 12 55 ± 10 0.15

Creatine kinase

baseline (IU/L)

369 ± 871 332 ± 586 0.86 60 ± 31 72 ± 44 0.45 251 ± 692 149 ± 338 0.20

Peak (IU/L) 2498 ± 2508 1177 ± 1671 0.04 81 ± 34 128 ± 115 0.36 1577 ± 2285 437 ± 1023 0.02

Values are mean ± SD, or n (%)
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was removed. On the other hand, of 8 patients without a

distal protection device, 2 could not finally have a TIMI

flow grade 3 after the procedure. Furthermore, a hospital

death occurred in one of the 2 patients and in none of the

patients with a distal protection device.

Procedural results

Balloon dilation or stenting was performed in all patients.

PCI was performed through the radial (n = 110), brachial

(n = 13) or femoral (n = 3) approach. Procedural results

are summarized in Table 3. The use of thrombectomy was

significantly higher in the deteriorated flow group than in

the reflow group. Stent diameter was significantly greater

in the deteriorated flow group than in the reflow group.

Optical coherence tomography findings

In all patients, the presence of thrombus and TCFA were

significantly greater in the deteriorated flow group than in the

reflow group (Fig. 1). Minimum fibrous cap thickness was

significantly smaller in the deteriorated flow group compared

with the reflow group. The presence of TCFA was signifi-

cantly greater in the deteriorated flow group than in the reflow

group for patients withACS and SAP (Table 4). Interestingly,

multivariate analysis identified current smoker, reference

diameter, and TCFA as independent predictors of deteriora-

tion of TIMI flow grade (Table 5). When we analyzed pre-

dictors of deterioration of TIMI flow grade after exclusion of

patients with distal protection device, the presence of TCFA

was an only independent predictor of deterioration of TIMI

flow grade (hazard ratio: 6.47; 95 % confidence interval:

1.26–33.3; p = 0.02). No serious procedural complications

were observed during OCT examination.

Discussion

Several studies suggested that pre-intervention IVUS

findings such as intracoronary thrombus, lipid pool,

Table 2 Angiographic findings

Acute coronary syndrome Stable angina pectoris All patients

Deteriorated

flow group

(n = 13)

Reflow

group

(n = 31)

p value Deteriorated

flow group

(n = 8)

Reflow

group

(n = 74)

p value Deteriorated

flow group

(n = 21)

Reflow

group

(n = 105)

p value

Culprit artery 0.40 0.95 0.36

Left anterior

descending

7 (54) 11 (35) 3 (38) 25 (34) 10 (48) 36 (34)

Left circumflex 0 2 (6) 1 (13) 12 (16) 1 (5) 14 (13)

Right coronary 6 (46) 18 (58) 4 (50) 37 (50) 10 (48) 55 (52)

TIMI flow grade before

procedure

0.05 0.99 0.0003

0 9 (69) 8 (26) 0 0 9 (43) 8 (8)

1 0 1 (3) 0 0 0 1 (1)

2 2 (15) 8 (26) 0 1 (1) 2 (10) 9 (9)

3 2 (15) 14 (45) 8 (100) 73 (99) 10 (48) 87 (83)

ACC/AHA

classification B2/C

11 (85) 25 (81) 0.99 6 (75) 26 (35) 0.05 17 (81) 51 (49) 0.006

Multiple vessel

disease

5 (38) 15 (48) 0.54 6 (75) 41 (55) 0.45 11 (52) 56 (53) 0.93

Reference

diameter

(mm)

3.1 ± 0.4 2.7 ± 0.6 0.02 2.9 ± 0.5 2.7 ± 0.7 0.34 3.0 ± 0.4 2.7 ± 0.6 0.003

Minimal lumen

diameter

(mm)

0.2 ± 0.4 0.5 ± 0.4 0.04 0.9 ± 0.5 0.9 ± 0.4 0.82 0.5 ± 0.5 0.8 ± 0.4 0.008

Percent

diameter

stenosis (%)

93.9 ± 10.2 82.5 ± 13.2 0.007 67.0 ± 17.0 66.1 ± 11.8 0.84 83.7 ± 18.5 71.0 ± 14.3 0.0006

Lesion length

(mm)

12.0 ± 2.6 12.5 ± 5.8 0.62 16.0 ± 8.0 13.4 ± 8.3 0.39 13.6 ± 5.5 13.1 ± 7.6 0.80

Values are mean ± SD, or n (%)
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Table 3 Procedural results

Acute coronary syndrome Stable angina pectoris All patients

Deteriorated

flow group

(n = 13)

Reflow

group

(n = 31)

p value Deteriorated

flow group

(n = 8)

Reflow

group

(n = 74)

p value Deteriorated

flow group

(n = 21)

Reflow

group

(n = 105)

p value

Thrombectomy 11 (85) 12 (39) 0.007 2 (25) 0 0.008 13 (62) 12 (11) 0.0001

Distal

protection

device

9 (69) 3 (10) 0.0002 4 (50) 11 (15) 0.03 13 (62) 14 (13) 0.0001

Stent use 12 (92) 30 (97) 0.50 8 (100) 70 (95) 0.99 20 (95) 100 (95) 0.99

Number of

stents

1.1 ± 0.3 1.1 ± 0.3 0.66 1.4 ± 0.7 1.2 ± 0.5 0.47 1.2 ± 0.5 1.2 ± 0.5 0.91

Stent diameter

(mm)

3.5 ± 0.3 3.4 ± 0.4 0.24 3.4 ± 0.3 3.2 ± 0.5 0.13 3.5 ± 0.3 3.2 ± 0.5 0.01

Stent length

(mm)

20.7 ± 6.8 21.4 ± 8.6 0.78 28.3 ± 14.4 24.0 ± 13.7 0.41 23.7 ± 10.8 23.3 ± 12.4 0.88

Direct stenting 11 (92) 20 (67) 0.13 6 (75) 45 (64) 0.70 17 (85) 65 (65) 0.07

Post dilatation 3 (25) 9 (30) 0.99 3 (38) 22 (31) 0.70 6 (30) 31 (31) 0.92

Maximal

inflation

pressure

(atm)

15.7 ± 2.1 14.8 ± 2.3 0.23 15.0 ± 3.0 14.9 ± 2.7 0.89 15.4 ± 2.4 14.8 ± 2.6 0.36

Intraaortic

balloon

pumping use

1 (8) 0 0.29 0 0 – 1 (5) 0 0.16

Values are mean ± SD, or n (%)

Table 4 Optical coherence tomography findings

Acute coronary syndrome Stable angina pectoris All patients

Deteriorated

flow group

(n = 13)

Reflow

group

(n = 31)

p value Deteriorated

flow group

(n = 8)

Reflow

group

(n = 74)

p value Deteriorated

flow group

(n = 21)

Reflow

group

(n = 105)

p value

Ruptured

plaque

2 (15) 12 (39) 0.17 3 (38) 5 (7) 0.02 5 (24) 17 (16) 0.52

Thrombus 12 (92) 24 (77) 0.40 5 (63) 9 (12) 0.003 17 (81) 33 (31) 0.0001

Calcification 6 (46) 16 (52) 0.74 2 (25) 39 (53) 0.26 8 (38) 55 (52) 0.23

Thin-cap

fibroatheoma

8 (62) 8 (26) 0.03 6 (75) 12 (16) 0.001 14 (67) 20 (19) 0.0001

Thinnest cap

thickness

(lm)

62 ± 19 68 ± 24 0.38 52 ± 10 88 ± 41 0.007 58 ± 16 81 ± 36 0.001

Lipid-rich

plaque

12 (92) 29 (94) 0.99 6 (75) 35 (47) 0.26 18 (86) 64 (61) 0.02

Lipid

quadrants

0.80 0.58 0.23

0 0 1 (3) 2 (25) 25 (34) 2 (10) 26 (25)

1 1 (7) 1 (3) 0 14 (19) 1 (5) 15 (14)

2 4 (31) 7 (23) 3 (38) 17 (23) 7 (33) 24 (23)

3 4 (31) 14 (45) 2 (25) 13 (18) 6 (29) 27 (26)

4 4 (31) 8 (26) 1 (13) 5 (7) 5 (24) 13 (12)

Values are mean ± SD, or n (%)
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positive remodeling, and attenuated plaque were related to

the occurrence of deteriorated coronary flow such as no-

reflow or slow-flow phenomena after PCI [9–12]. A virtual

histology-IVUS paper reported that necrotic core volume

was also related to the no-reflow phenomenon [13]. How-

ever, a study reported that patients with the no-reflow

phenomenon had more fibrotic or fibro-fatty volumes, but

not necrotic core volumes [22]. Therefore, there still exist

controversies regarding the association between plaque

components detected by virtual histology-IVUS and no-

reflow or slow-flow phenomena after PCI.

The OCT is a high-resolutional imaging modality

capable of characterizing important morphological features

of atherosclerotic plaque, such as the minimal fibrous cap

thickness or thrombus which cannot be identified in IVUS.

The present study showed a significant relationship

between TCFA observed by OCT and deterioration of

coronary flow in both ACS and SAP patients. In addition,

minimum fibrous cap thickness was significantly smaller in

the deteriorated flow group compared with the reflow group

in our study. From these findings, we speculate that TCFA

contains a large lipid-rich plaque covered with a thinner

fibrous cap that can easily be disrupted, and once TCFA is

destroyed mechanically by balloon dilatation or stenting, a

large amount of debris is occluded in the distal end of the

vessel. In humans, the no-reflow phenomenon has a mul-

tifocal pathogenesis. In addition to angioplasty-induced

mechanical embolization, an inflammatory response

induced by neutrophils and platelets that occurs at the time

of reperfusion may also exacerbate coronary flow [23].

This inflammatory process may affect the result of the

present study less because TIMI flow grade 3 was observed

in all patients just after thrombectomy.

Some studies demonstrated that patients with an intra-

coronary thrombus are prone to distal embolization after PCI

[24]. Indeed, previous IVUS studies showed that intracoro-

nary thrombus was related to the no-reflow phenomenon

after PCI [9]. In our study, although thrombectomy was

performed to remove thrombus as much as possible before

OCT procedure to minimize the effect of thrombus, residual

thrombus was observed in many ACS patients because OCT

can easily detect thrombus which might not be detected by

IVUS and angiogram.Multivariate analysis revealed that the

presence of residual thrombus was not an independent pre-

dictor of deteriorated coronary flow. Therefore, TCFA may

be a more important finding than thrombus to identify the

lesion developing deterioration of coronary flow.

Multivariate analysis also demonstrated that deteriora-

tion of coronary flow was predicted by reference diameter.

In the present study, reference diameter, percent diameter

stenosis, and minimal luminal diameter were strongly

correlated with each other. Large reference diameter, great

percent diameter stenosis, and small minimal luminal

diameter in the deteriorated coronary flow group suggest a

large plaque burden or positive remodeling which gener-

ally includes lipid-rich plaque [11]. Therefore, the

mechanical destruction of lipid-rich plaques in the large

plaque burden or positive remodeling by PCI may provoke

a large amount of debris and cause deteriorated coronary

flow, as shown in previous IVUS and computed tomo-

graphic angiography studies [25, 26].

The proportion of deteriorated coronary flow in this

study was higher than that reported previously [27]. This

may be due to including the patients who showed transient

flow deterioration with filter no-reflow in the deteriorated

flow group in the present study. Previous studies demon-

strated that the occurrence of filter no-reflow during PCI

was closely related to post-procedural myocardial damage

[5]. These results suggest that filter no-reflow could be

equivalent to persistent no-reflow phenomenon in terms of

clinical events although it is still controversial whether

distal protection devices can preserve distal coronary flow

during mechanical dilatation [28]. Moreover, in this study

the presence of TCFA was an only independent predictor of

deteriorated flow even after exclusion of patients with distal

protection device, which was similar to an overall result

containing patients with distal protection device. Therefore,

TCFA may be associated with deteriorated coronary flow

during PCI regardless of the use of filter device.

Clinical implications

With the increased use of PCI, we frequently experience

no-reflow phenomenon in patients with ACS as well as

Table 5 Analysis of factors

related to deterioration of TIMI

flow grade after stenting

CI confidence interval, HR

hazard ratio

Univariate Multivariate

HR 95 % CI p value HR 95 % CI p value

Acute coronary syndrome 3.88 1.46–10.29 0.006 1.07 0.24–4.69 0.93

Current smoker 4.47 1.68–11.92 0.002 7.21 1.87–27.88 0.004

ACC/AHA classification B2/C 4.50 1.42–14.28 0.01 2.55 0.60–10.86 0.20

Reference diameter 2.29 1.09–4.79 0.02 2.78 1.03–7.47 0.04

Thrombus 9.27 2.89–29.72 0.0002 3.20 0.62–16.63 0.16

Thin-cap fibroatheoma 8.50 3.04–23.81 0.0001 12.32 3.02–50.31 0.0005
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SAP. The present study revealed that TCFA was an inde-

pendent predictor of deteriorated coronary flow in both

patients. Therefore, a careful interventional procedure is

needed in cases with TCFA in culprit lesion regardless of

the stability of the disease [29].

In our results, all patients with a distal protection device

had TIMI flow grade 3 just after removal of the distal

protection device, suggesting that a large amount of debris

was captured by the filter device. However, it is still con-

troversial whether distal protection devices can preserve

distal coronary flow during mechanical dilatation [28],

Additional studies with a larger number of patients are

needed to confirm and clarify our results.

Study limitations

There remain several limitations in the present study. First,

this study was an observation study from a single center.

However, the present data suggest the presence of TCFA

by OCT could indicate deteriorated coronary flow during

PCI, although further studies with a larger number of

patients and prospective are necessary to assess clinical

outcomes. Second, thrombectomy prior to OCT was not

performed for all patients, which may have biased the

results. Also, the presence of residual thrombus at a culprit

site may disturb the assessment by OCT. Although we

removed thrombus as much as possible before and after

OCT observation, minimizing the effect of residual

thrombus on the present observation, there remains a pos-

sibility that the residual thrombus might affect the occur-

rence of deteriorated coronary flow. Third, distal protection

device was not used for all patients, which may have biased

the results. However, when we analyzed predictors of

deterioration of TIMI flow grade after exclusion of patients

with distal protection device, the presence of TCFA was an

only independent predictor of deterioration of TIMI flow

grade. Therefore, the impact of distal protection device on

the results is minimal. Finally, this study was performed by

OCT with time-domain system which has a disadvantage

about image quality in comparison with the recent system

with frequency-domain version [30]. However, funda-

mental performance such as axial and lateral resolutions

was found to be same among the systems. Therefore, the

present observation can provide the information even in the

case examined by frequency-domain OCT.

Conclusions

The present study demonstrated that OCT might be useful

for identifying culprit plaques at high risk for developing

deterioration of coronary flow. Further studies are

necessary to clarify whether the use of distal protection

based on the present findings can predict clinical outcomes.
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