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and the predictive value was equivalent to that of the true 
lipid volume. Lesions with an estimated lipid volume of 
≥132.6 mm3 had a significantly higher risk of the no-reflow 
phenomenon during elective stent implantation (odds ratio, 
4.35; 95 % confidence interval, 1.67–12.7; p = 0.0024). 
The simple and rapid measurement of the estimated lipid 
volume immediately before stenting during PCI constitutes 
a reliable predictor of lesions at high risk for the no-reflow 
phenomenon.

Keywords Elective percutaneous coronary intervention · 
Lipid-rich plaque · Integrated backscatter intravascular 
ultrasound · No-reflow phenomenon

Introduction

The angiographic no-reflow phenomenon is a serious com-
plication of percutaneous coronary intervention (PCI). It is 
defined as substantial coronary flow reduction despite suc-
cessful dilation of an epicardial coronary artery [thrombol-
ysis in myocardial infarction (TIMI) flow grade of <3]. The 
no-reflow phenomenon is strongly associated with adverse 
clinical outcomes, regardless of whether the phenomenon is 
transient or persistent [1–5]. No-reflow during PCI causes 
inadequate myocardial perfusion and unexpected myocar-
dial infarction (MI). Although there are several causes of 
the no-reflow phenomenon (lipid leakage from atheroscle-
rotic plaques, microvascular spasm, and thrombus forma-
tion), most cases of PCI-related no-reflow without infarc-
tion are triggered by distal microembolization [6].

The no-reflow phenomenon occurs in >20 % of patients 
undergoing primary PCI for acute MI and <2 % of patients 
undergoing elective PCI [7, 8]. Although rare, occurrence 
of the no-reflow phenomenon during elective PCI may 
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stent implantation. The cutoff values of the true lipid vol-
ume and estimated lipid volume (lipid area at the mini-
mal lumen diameter site × total stent length) for the no-
reflow phenomenon were determined by receiver operating 
curve analysis. Type C lesions, regardless of location and 
a thrombolysis in myocardial flow grade of 0, were risk 
factors for the no-reflow phenomenon during PCI. The 
estimated lipid volume was significantly correlated with 
the true lipid volume (R2 = 0.778, p < 0.0001). The cutoff 
value of the estimated lipid volume for the no-reflow phe-
nomenon was 132.6 mm3 (area under the curve = 0.719), 
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precipitate unexpected MI and loss of cardiac function, 
both of which are serious adverse events. The identification 
of lesions at high risk of the no-reflow phenomenon prior to 
PCI is highly desirable to reduce the risk of no-reflow and 
its consequences.

Intravascular ultrasound (IVUS) is widely used to assess 
the target plaque and design a safe and efficient PCI strat-
egy. Integrated backscatter IVUS (IB-IVUS) allows for 
analysis of the plaque components [9–14]. In acute coro-
nary syndrome, lipid-rich plaques visualized with IVUS 
correlate positively with the no-reflow phenomenon [15–
17]. The identification of high-risk lesions just before the 
stenting procedure could reduce the risk of the no-reflow 
phenomenon through use of embolic protection devices. 
The true lipid volume of the target plaque is accurately 
measured by three-dimensional (3D) IB-IVUS, but this 
is time consuming and impractical during PCI. Our study 
offers a rapid, simple method with which to identify high-
risk lesions immediately before stenting based on the esti-
mated lipid volume [lipid area at the minimal lumen diam-
eter (MLD) site × total stent length]. We provide cutoff 
values for both parameters and compare their reliability for 
the identification of coronary lesions at high risk for the 
post-stenting no-reflow phenomenon.

Materials and methods

Study population and lesion characteristics

We conducted a retrospective study of patients with ath-
erosclerotic lesions who underwent elective coronary stent 
implantation without embolic protection devices at our 
institution from July 2010 to March 2013. The exclusion 
parameters were procedures without IB-IVUS before stent-
ing, procedures without IB-IVUS due to the inability to 
cross the lesion with the IVUS catheter, and inadequate IB-
IVUS images owing to extensive calcification.

Data collection

We analyzed baseline patient characteristics documented 
before admission for PCI, including age, sex, coronary risk 
factors, and medications. Lesion characteristics were ana-
lyzed, including target vessel (left main trunk, left anterior 
descending artery, left circumflex artery, and right coronary 
artery), lesion classification (Type A, B1, B2, and C), and 
the existence of a thrombus in the lesion. A thrombus at the 
target lesion was diagnosed angiographically as PCI began. 
The creatine kinase (CK) concentration was measured the 
day after PCI.

No‑reflow phenomenon

No-reflow phenomenon is defined as coronary flow reduc-
tion following stent implantation and during the PCI pro-
cedure, despite successful dilation of the target coronary 
artery (TIMI flow grade of <3). All cases of no-reflow were 
identified angiographically. IVUS was used to confirm that 
no other factors causing coronary flow reduction were pre-
sent, such as major dissection, hematoma, or a rich throm-
bus in the target lesion. All cases of no-reflow during PCI 
were recorded regardless of whether they were temporary 
or continuous at the end of the procedure.

Conventional IVUS analysis

Intravascular ultrasound scans were performed using a 
mechanical sector scanner (View It; Terumo Medical Cor-
poration, Tokyo, Japan) and a motorized transducer pull-
back system (0.5 mm/s). All patients received intravenous 
heparin (8000–10,000 U) and injection of isosorbide dini-
trate (1.0–2.5 mg) or nicorandil (1.0–2.0 mg) into the tar-
get coronary artery before the procedure. A 6- to 8-French 
coronary guiding catheter and a 0.014-inch guidewire were 
used for IVUS catheter insertion into the target coronary 
artery. Quantitative measurements using IVUS were con-
ducted as previously described [18]. The proximal ref-
erence site was defined as the site with the largest lumen 
proximal to a stenosis, but within the same segment. Simi-
larly, the distal reference site was defined as the site with 
the largest lumen distal to a stenosis, but within the same 
segment. Lesion length was defined as the distance between 
the distal and proximal reference sites. The cross-sectional 
area (CSA) of the external elastic membrane (EEM) and 
lumen were measured on each slice (Fig. 1). The CSA of 
the atheroma (plaque + media) was calculated using these 
values (EEM CSA − lumen CSA). This measurement 
was conducted throughout the entire length of each target 
plaque at 1-mm intervals. Vessel and plaque volumes were 
calculated by integration of each CSA at 1-mm intervals. 
IVUS scans were conducted before coronary stent implan-
tation. In lesions with grade 0 TIMI flow before PCI, we 
performed pre-dilation using a small-diameter balloon to 
assess the target lesion with IVUS.

IB‑IVUS analysis

The IB values of each tissue component are expressed 
as the average power of the frequency component of the 
backscattered signal from a small volume of tissue, cal-
culated using fast Fourier transformation and expressed in 
decibels. The image was divided into 512 vector lines (0.7 
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grade per line), and 256 lesions of interest were defined at 
each 23.4-µm depth on each vector line (total of 131,072 
lesions of interest per image). The CSA of each atheroma 
was classified into four tissue types based on the range of 
IB values: lipid pool, −73 < IB ≤ −63 decibels; fibrosis, 
−63 < IB ≤ −55 decibels; dense fibrosis, −54 < IB ≤ −30 
decibels; and calcification, −30 < IB ≤ −23 decibels 
(Fig. 2). A different color depicts each type of tissue: lipid 
(blue), fibrous (green), dense fibrous (yellow), and calci-
fication (red). Three-dimensional IB-IVUS images were 
analyzed to calculate the volumes of the lipid pool, fibrosis, 
dense fibrosis, and calcification areas from the sum of each 
plaque CSA at 1-mm intervals.

True and estimated lipid volumes of target lesion

The lipid area of each slice was measured by IB-IVUS 
using the color-coded images, and the lipid volume was 
calculated by integration of each slice in the target lesion 
at 1-mm intervals. The true lipid volume was defined as 
the lipid volume of the target lesion. The estimated lipid 
volume of the target lesion was defined as the lipid area 
at the MLD site × total stent length. The reliability of this 
parameter was determined by conducting correlation analy-
ses between the true lipid volume and the estimated lipid 
volume of the target lesion. The cutoff values of both the 
true and estimated lipid volumes for development of the 
no-reflow phenomenon were calculated and compared by 
receiver operating characteristic (ROC) analysis.

Statistical analysis

The patients were separated into two groups: no-reflow 
negative (−) and no-reflow positive (+). Continuous data 
are presented as mean ± standard deviation (or as median 
and interquartile range), and the groups were compared 
using Student’s t test. Categorical data are presented as 
percentages, and the groups were compared by the Chi-
square test. ROC analysis was performed to evaluate 
the cutoff values for no-reflow of the true lipid and esti-
mated lipid volumes. To compare the prognostic accuracy 
of both measures for the development of the no-reflow 
phenomenon, logistic regression models were analyzed 
using three methods: discrimination measuring the area 
under the curve (AUC), calibration (Hosmer–Lemeshow 
test), and reclassification [net reclassification improve-
ment (NRI) and integrated discrimination improvement 
(IDI)]. The AUC integrates the sensitivity and specificity 
of the variable with 1.00 representing a perfect predictive 
value and ≤0.50 being associated with chance. The Hos-
mer–Lemeshow test is an index of the goodness of fit for 
logistic regression models. If this test is not significant, 
the model has adequate fit for the data. The application 
of NRI and IDI provides the incremental value to AUC. 
These indices can detect the superiority or inferiority of 
the updated model directly by comparison with the initial 
model. Further, multivariate analysis was performed in 
two sets among the variables with an AUC of >0.70 for 
the development of the no-reflow phenomenon: one with 

Fig. 1  Conventional intravascular ultrasound (IVUS) analy-
sis of atheroma thickness. a Grayscale IVUS images of a coronary 
artery showing the cross-sectional area (CSA) of the atheroma 
(plaque + media) and the external elastic membrane (EEM) (closed 

arrow atheroma, open arrow vessel lumen). b The analysis was con-
ducted by tracing the external limit of the EEM-CSA (purple line) 
and lumen CSA (pink line) for each slice. The atheroma CSA was 
calculated as follows: EEM CSA − lumen CSA
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the true lipid volume and the other with the estimated lipid 
volume. Values of p < 0.05 were considered statistically 
significant. Statistical analyses were conducted with JMP 
software (JMP version 9.0.2; SAS Institute, Cary, NC) and 
R software (http://www.r-project.org/).

Results

Patient characteristics and laboratory findings

During the enrollment period, coronary stents were 
implanted in a total of 504 lesions of 411 patients visiting 
our institute. We excluded all procedures without IB-IVUS 
imaging (41 lesions), those without IB-IVUS imaging per-
formed before stent implantation because of the inability 
of the IVUS catheter to cross the target lesion (45 lesions), 
and those without analyzable IVUS images due to severe 
calcification (65 lesions). The remaining study population 
comprised 353 target lesions (70.0 %) of 252 patients (175 
patients with 1 lesion and 77 patients with ≥2 lesions), 
assessed by IB-IVUS before the stent procedure. The no-
reflow phenomenon developed in 19 lesions (5.4 %) after 

stent implantation. IVUS images were acquired for 70.0 % 
of all lesions.

Table 1 compares the clinical characteristics and labo-
ratory findings of the no-reflow (+) and no-reflow (−) 
groups. The no-reflow phenomenon was associated with 
relatively low hemoglobin levels (p = 0.076). However, 
there were no significant differences in morbidity due to 
dyslipidemia or diabetes mellitus, previous MI, preadmis-
sion medications, or blood lipid composition.

Target lesion characteristics, PCI procedures, 
and IVUS findings

Lesion characteristics before the procedure had a profound 
impact on the risk of the no-reflow phenomenon after elec-
tive PCI stent implantation (Table 2). Both patient groups 
exhibited comparable distributions of the location of the 
target vessel and frequency of thrombus formation. Only 
two lesions in the no-reflow (−) group had thrombus for-
mation with grade 2 TIMI flow. In contrast, no-reflow 
occurred predominantly in the most severe lesions (Type 
C), which represented 36 % of lesions in the no-reflow 
(+) group compared with 12 % of lesions in the no-reflow 

Fig. 2  Integrated backscatter intravascular ultrasound (IB-IVUS) 
imaging. Representative IB-IVUS images of a fibrous-rich plaque 
and lipid-rich plaque. The plaque + media cross-sectional area was 

classified into four types of tissue according to differences in the IB 
values. Color-coded images demonstrate lipid (blue), fibrous (green), 
dens fibrous (yellow), and calcification (red)

http://www.r-project.org/
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(−) group (p = 0.006). Furthermore, the no-reflow (+) 
group had more lesions with grade 0 TIMI flow than did 
the no-reflow (−) group. This suggests that Type C lesions 
and those with grade 0 TIMI flow lesions are at particular 
risk of developing the no-reflow phenomenon after stent 
implantation, regardless of their location. Pre-dilation using 
a balloon was performed more commonly in procedures 
with no-reflow. The maximum inflation pressure tended to 
be lower in the no-reflow (+) group than in the no-reflow 
(−) group (p = 0.061), and the procedural duration was 
longer in the no-reflow (+) group than in the no-reflow (−) 
group (p < 0.0001). Glycoprotein IIb/IIIa inhibitors were 
not administered in any case.

The IVUS images acquired during PCI, before stent 
implantation, were analyzed using conventional volu-
metric gray-scale analysis at the MLD site (Table 2). 
The lesions in the no-reflow (+) group had a signifi-
cantly larger EEM CSA (1.2-fold; p = 0.02) and ather-
oma CSA (1.3-fold; p = 0.0073) than did the lesions in 
the no-reflow (−) group. These data are consistent with 
the 3D IVUS analysis, which showed 1.5-fold larger 
vessel volumes (p = 0.004) and 1.7-fold higher plaque 

volumes (p < 0.0001) for lesions of the no-reflow (+) 
group. In contrast, IVUS images did not identify the 
extent of fibrosis or calcification as determinants of the 
no-reflow phenomenon. However, the lesions in the no-
reflow (+) group exhibited a 1.5-fold larger lipid area 
at the MLD site (p = 0.0018; 2D IVUS analysis) and a 
2.0-fold larger lipid volume for the whole lesion (true 
lipid volume; p < 0.0001; 3D IVUS analysis) than did the 
lesions in the no-reflow (−) group. Furthermore, the esti-
mated lipid volume was twofold larger in lesions with no-
reflow (p < 0.0001). These findings identify lipid param-
eters as the most sensitive indicators of the no-reflow 
phenomenon.

The PCI procedures required longer stents for the no-
reflow (+) group, consistent with the higher frequency 
of Type C lesions. In the no-reflow (−) group, stenting 
restored adequate flow in all lesions, as indicated by the 
grade 3 TIMI flow. In the no-reflow (+) group, however, 
grade 3 TIMI flow could not be accomplished in seven 
lesions (37 %). CK activity on the day following elective 
stent implantation was significantly higher in patients with 
the no-reflow phenomenon.

Table 1  Patient characteristics and laboratory findings

CABG coronary artery bypass grafting, PCI percutaneous coronary intervention, LDL low-density lipoprotein, HDL high-density lipoprotein, 
HbA1c hemoglobin A1c

Overall cohort (n = 252) No-reflow (+) (n = 17) No-reflow (−) (n = 235) p

Age (years) 69 ± 11 72 ± 11 69 ± 11 0.24

Male 203 (81 %) 14 (82 %) 189 (80 %) 0.85

Body mass index (kg/m2) 24.7 ± 3.5 23.3 ± 4.2 24.8 ± 3.5 0.10

Clinical presentation

 Stable angina pectoris 183 (73 %) 12 (70 %) 171 (73 %) 0.95

 Unstable angina pectoris 31 (12 %) 2 (12 %) 29 (12 %)

 Silent myocardial ischemia 38 (15 %) 3 (18 %) 35 (15 %)

Dyslipidemia 158 (63 %) 11 (65 %) 147 (63 %) 0.86

Diabetes mellitus 105 (42 %) 9 (53 %) 96 (41 %) 0.33

Hypertension 194 (77 %) 13 (76 %) 181 (77 %) 0.96

Previous myocardial infarction 121 (48 %) 7 (41 %) 114 (49 %) 0.56

Previous CABG 26 (10 %) 0 (0 %) 26 (11 %) 0.15

Aspirin at the time of planning PCI 218 (87 %) 15 (88 %) 203 (86 %) 0.83

Aspirin before PCI 246 (98 %) 16 (94 %) 230 (98 %) 0.33

Calcium channel blocker 113 (45 %) 6 (35 %) 107 (46 %) 0.41

Nitrates 125 (50 %) 6 (35 %) 119 (51 %) 0.22

Statin 157 (62 %) 11 (65 %) 146 (62 %) 0.83

Hemoglobin (g/dL) 13.3 ± 2.0 12.5 ± 2.4 13.3 ± 1.9 0.076

Creatinine (mg/dL) 0.99 ± 0.89 1.00 ± 0.29 0.99 ± 0.92 0.97

C-reactive protein (mg/dL) 0.1 (0.1, 0.2) 0.1 (0.1, 0.2) 0.1 (0.1, 0.3) 0.98

LDL-cholesterol (mg/dL) 102 ± 36 95 ± 25 102 ± 37 0.47

HDL-cholesterol (mg/dL) 46 ± 17 50 ± 13 46 ± 17 0.32

Triglyceride (mg/dL) 135 ± 80 103 ± 46 138 ± 82 0.086

HbA1c (%) 6.1 ± 1.0 6.0 ± 0.9 6.1 ± 1.0 0.69
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ROC analyses for development of the no‑reflow 
phenomenon and correlation between true 
and estimated lipid volumes

Table 3 shows the AUC values of the variables evaluated 
for their potential impact on the no-reflow phenomenon. 
Four variables had AUC values of >0.700: plaque vol-
ume (0.760), total stent length (0.713), true lipid volume 
(0.741), and estimated lipid volume (0.719). Multivariate 
analyses revealed that only lipid volumes were signifi-
cant predictors for the development of the no-reflow phe-
nomenon; both the true lipid volume (p = 0.024) and the 
estimated lipid volume (p = 0.033) (Table 4). ROC anal-
yses identified similar cutoff values for the true lipid vol-
ume (117.0 mm3; AUC 0.741) and estimated lipid volume 

(132.6 mm3; AUC 0.719) for development of the no-reflow 
phenomenon. Positive predictive values were 12.3 % for 
the true lipid volume and 10.5 % for the estimated lipid vol-
ume. Negative predictive values were 97.6 % for the true 
lipid volume and 97.4 % for the estimated lipid volume. 
There was a strongly significant correlation between the 
true lipid volume and the estimated lipid volume in the tar-
get plaque (R2 = 0.778, p < 0.0001) (Fig. 3). There was no 
significant difference between prediction of the no-reflow 
phenomenon using the true lipid volume or estimated lipid 
volume (p = 0.21) (Fig. 3).

The Hosmer–Lemeshow test was applied to determine 
the goodness of fit of the logistic regression model of the 
no-reflow phenomenon. The associated p value was 0.59, 
indicating no rejection of a good fit. Reclassification 

Table 2  Target lesion characteristics, PCI procedures and IVUS findings

PCI percutaneous coronary intervention, IVUS intravascular ultrasound, LMT left main trunk, LAD left anterior descending artery, LCx left cir-
cumflex artery, RCA right coronary artery, TIMI thrombolysis in myocardial infarction, ACT activated clotting time, MLD minimal lumen diam-
eter, EEM external elastic membrane, CSA cross-sectional area

Overall cohort (n = 353) No-reflow (+) (n = 19) No-reflow (−) (n = 334) p

Location (LMT/LAD/LCx/RCA) 7/121/102/123 0/8/4/7 7/113/98/116 0.75

Type of lesion (A/B1/B2/C) 177/77/51/48 4/6/2/7 173/71/49/41 0.0060

Thrombus formation 2 (0.6 %) 0 (0 %) 2 (0.6 %) 0.74

TIMI flow grade before PCI (0/1/2/3) 21/11/37/284 4/1/3/11 17/10/34/273 0.020

Rotational atherectomy 7 (2.0 %) 0 (0 %) 7 (2.1 %) 0.52

Pre-dilation using balloon 140 (39.7 %) 15 (79.0 %) 125 (37.4 %) 0.0003

Post-dilation using balloon (except for stent delivery 
balloon)

99 (28.0 %) 3 (15.8 %) 96 (28.7 %) 0.22

Max inflation pressure (atm) 14.0 ± 3.5 12.6 ± 3.5 14.1 ± 3.5 0.061

Procedural duration (min) 58 ± 27 82 ± 30 57 ± 26 <0.0001

ACT level immediately following procedure (s) 332 ± 104 317 ± 45 333 ± 107 0.52

IVUS 2-D analysis at MLD site

 EEM CSA (mm2) 13.5 ± 5.6 16.4 ± 7.5 13.3 ± 5.5 0.020

 Atheroma CSA (mm2) 10.9 ± 5.2 14.0 ± 7.1 10.7 ± 5.1 0.0073

 Lipid area (mm2) 6.5 ± 4.3 9.5 ± 6.3 6.4 ± 4.1 0.0018

 Fibrosis area (mm2) 3.7 ± 2.0 3.9 ± 1.5 3.7 ± 2.1 0.66

 Dense fibrosis area (mm2) 0.5 ± 0.3 0.5 ± 0.3 0.5 ± 0.3 0.96

 Calcification area (mm2) 0.2 ± 0.2 0.1 ± 0.2 0.2 ± 0.2 0.50

IVUS 3-D analysis

 Vessel volume (mm3) 279.3 ± 179.7 419.4 ± 239.3 271.3 ± 172.7 0.0004

 Plaque volume (mm3) 181.6 ± 136.8 304.3 ± 194.2 174.7 ± 129.7 <0.0001

 True lipid volume (mm3) 102.2 ± 85.9 192.7 ± 141.3 97.1 ± 79.0 <0.0001

 Fibrosis volume (mm3) 67.6 ± 55.1 97.8 ± 64.3 65.9 ± 54.1 0.014

 Dense fibrosis volume (mm3) 8.7 ± 7.2 10.7 ± 6.5 8.6 ± 7.2 0.21

 Calcification volume (mm3) 3.0 ± 3.3 3.1 ± 2.7 3.0 ± 3.4 0.92

Total stent length (mm) 20 ± 10 27 ± 14 20 ± 10 0.0019

Estimated lipid volume (mm3) 132.1 ± 118.3 266.2 ± 242.4 124.4 ± 102.6 <0.0001

TIMI flow grade after PCI (0/1/2/3) 0/1/6/346 0/1/6/12 0/0/0/334 <0.0001

Creatine kinase before PCI (IU/L) 81 (59, 117) 99 (64, 126) 80 (58, 116) 0.051

Creatine kinase 24 h post PCI (IU/L) 62 (44, 89) 185 (49, 461) 62 (44, 83) <0.0001
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Table 3  Receiver operating 
characteristic curve analysis of 
the associations between patient 
baseline characteristics or lesion 
characteristics and no-reflow 
after elective coronary stent 
implantation

AUC area under the curve, CI confidence interval, CSA cross-section area, LDL low-density lipoproteins, 
TIMI thrombolysis in myocardial infarction

Variable AUC (95 % CI) Sensitivity (%) Specificity (%)

Age (years) 0.597 (0.451–0.743) 68.4 52.4

Dyslipidemia 0.508 (0.398–0.619) 68.4 33.2

Diabetes mellitus 0.551 (0.432–0.669) 52.6 57.5

Previous myocardial infarction 0.540 (0.422–0.657) 57.9 50.0

Aspirin 0.501 (0.415–0.588) 15.8 84.4

Calcium channel blocker 0.540 (0.426–0.655) 63.2 44.9

Nitrates 0.601 (0.490–0.712) 68.4 51.8

Statin 0.516 (0.405–0.626) 68.4 34.7

Hemoglobin (g/dL) 0.646 (0.492–0.799) 63.2 65.6

LDL-cholesterol (mg/dL) 0.544 (0.416–0.672) 52.6 65.3

Type C lesion 0.623 (0.510–0.736) 36.8 87.7

TIMI flow grade 0 before PCI 0.580 (0.485–0.675) 21.1 94.9

Lipid CSA (mm2) 0.647 (0.502–0.791) 52.6 77.5

Total stent length (mm) 0.713 (0.605–0.820) 68.4 66.2

Plaque volume (mm3) 0.760 (0.656–0.864) 78.9 65.0

True lipid volume (mm3) 0.741 (0.616–0.865) 68.4 72.2

Estimated lipid volume (mm3) 0.719 (0.590–0.848) 68.4 66.8

Table 4  Univariate and 
multivariate analysis for the 
development of no-reflow 
phenomenon

Variable Univariate Multivariate

t Standardized β p t Standardized β p

Total stent length (mm) 3.13 0.165 0.0019 0.83 0.063 0.40

Plaque volume (mm3) 4.11 0.214 <0.0001 −1.53 −0.266 0.13

True lipid volume (mm3) 4.86 0.251 <0.0001 2.96 0.462 0.0033

Total stent length (mm) 3.13 0.165 0.0019 0.33 0.025 0.74

Plaque volume (mm3) 4.11 0.214 <0.0001 −0.37 −0.039 0.71

Estimated lipid volume (mm3) 5.27 0.271 <0.0001 3.23 0.288 0.0013

Fig. 3  Comparison between the true and estimated lipid volumes. a 
The estimated lipid volume was strongly correlated with the true lipid 
volume. b Receiver operating characteristic curve for development 

of the no-reflow phenomenon with the estimated lipid volume was 
equivalent to that with the true lipid volume
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analysis indicated that the NRI for true lipid volume ver-
sus estimated lipid volume was 0.45 (p = 0.043) and the 
IDI was 0.018 (p = 0.45). AUC values and reclassification 
analysis suggest that the predictive value of the estimated 
lipid volume for development of the no-reflow phenome-
non was statistically and practically indistinguishable from 
that of the true lipid volume.

Evaluation of frequency of no‑reflow phenomenon 
using cutoff values

The lesions were separated based on the cutoff values cal-
culated for the true and estimated lipid volumes (Table 5). 
Among the 19 no-reflow (+) lesions, 13 lesions (68 %) 
were identified by the estimated lipid volume cutoff value. 
The cutoff value of the true lipid volume identified the 
same 13 lesions. In the 124 lesions identified with the esti-
mated lipid volume cutoff value (estimated lipid volume 
of ≥132.6 mm3), all 13 lesions with no-reflow exhibited a 
lower incidence of previous MI (23 vs. 52 %, p = 0.047), 
lower hemoglobin levels (12.3 ± 2.1 vs. 13.5 ± 1.6 g/dL, 
p = 0.015), and a larger true lipid volume (251.0 ± 133.5 
vs. 171.6 ± 89.5 mm3, p = 0.0050). In the group of lesions 
designated high-risk lesions by the estimated lipid volume 
cutoff value, the incidence of the no-reflow phenomenon 
was 10.5 %. Both the true lipid volume and an estimated 
lipid volume greater than or equal to the cutoff value were 
associated with an increased risk of the no-reflow phenom-
enon (odds ratio, 5.61 and 4.35; 95 % CI, 2.15–16.40 and 
1.67–12.70; p = 0.0004 and 0.0024, respectively).

Discussion

Although the angiographic no-reflow phenomenon rarely 
occurs during elective PCI, it significantly worsens patient 
prognosis. IVUS analysis of atherosclerotic lesions can be 
used to assess the lipid component in target plaques, the 
main cause of no-reflow in elective PCI. However, it is 

difficult to measure the target lesion lipid volume before 
the PCI procedure. Here, we aimed to design a rapid and 
reliable method with which to identify coronary lesions 
at high risk for the no-reflow phenomenon before elective 
stent implantation using IB-IVUS.

In our study, we examined both transient and persistent 
no-reflow together. Naturally, the persistent no-reflow phe-
nomenon (final TIMI flow grade of 0–2) leads to a poor 
prognosis. However, the transient no-reflow phenomenon 
also causes high in-hospital mortality and a poor long-term 
prognosis. Transient no-reflow during coronary interven-
tion with grade 3 TIMI flow at completion of the procedure 
has been associated with increased mortality in previous 
studies [1, 2]. Additionally, in elective PCI, if no-reflow 
occurs once, an entirely new ischemic event will be led 
regardless of whether the no-reflow phenomenon is tran-
sient or persistent. Therefore, transient no-reflow during 
elective PCI should be given close attention and treated in 
the same way as the persistent no-reflow phenomenon. The 
incidence of the no-reflow phenomenon in the present study 
was 5.4 % higher than that in past articles. One reason may 
be that our study included transient no-reflow. Additionally, 
with the development of the drug-eluting stent as opposed 
to the bare-metal stent, the strategy of completely cover-
ing a long atherosclerotic plaque has become dominant. 
However, longer stents have disadvantages with respect 
to the development of no-reflow because they may allow 
a greater amount of gruel to leak from the target plaque. 
Stent length may therefore be one factor accounting for the 
relatively high no-reflow incidence observed in our study. 
No significant differences in patient backgrounds were 
observed between the no-reflow (+) group and no-reflow 
(−) group. However, hemoglobin levels tended to be lower 
in patients exhibiting the no-reflow phenomenon than in 
those who did not; this tendency may reflect that in gen-
eral, patients with no-reflow were slightly older. In terms 
of lesion characteristics, Type C lesions, grade 0 TIMI 
flow, larger vessel size, and larger lipid volume were asso-
ciated with no-reflow. Type C lesions often have a diffuse 
atherosclerotic plaque (>20 mm), and this coincides with 
the observation that the total stent length for lesions with 
no-reflow was significantly longer than in lesions without 
no-reflow. Grade 0 TIMI flow and a larger vessel size as 
measured with IB-IVUS are also due to a greater athero-
sclerotic plaque volume and a larger lipid component in 
the plaques of no-reflow lesions. These results suggest that 
the no-reflow phenomenon is associated with longer lesion 
length and positive remodeling of the target vessel and are 
consistent with previous studies [6, 15, 19]. In the PCI pro-
cedures, some differences existed between the no-reflow 
(+) and no-reflow (−) groups. However, the higher ratio 
of pre-dilation in the no-reflow (+) group reflects the rela-
tive complexity of the target lesions encountered. The low 

Table 5  Development of no-reflow phenomenon and cutoff values of 
true and estimated lipid volume

Number of lesions No-reflow (+) No-reflow (−)

True lipid volume ≥117.0 mm3 13 93 106

True lipid volume <117.0 mm3 6 241 247

19 334 353

Estimated lipid volume 
≥132.6 mm3

13 111 124

Estimated lipid volume 
<132.6 mm3

6 223 229

19 334 353
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inflation pressures and long procedural duration in the no-
reflow (+) group were likely the results as opposed to the 
cause of the no-reflow phenomenon.

Integrated backscatter intravascular ultrasound allows 
for accurate characterization of coronary plaques when 
compared with histology in autopsied arterial specimens 
[9, 12] and demonstrates lipid reduction in atherosclerotic 
plaques with statin therapy [20, 21]. There are two com-
mercial methods for evaluating lesion plaque components 
using IVUS: IB-IVUS and virtual histology IVUS (VH-
IVUS; Volcano Corp, San Diego, CA, USA). Both methods 
rely on acquired radiofrequency signals from tissue, but 
adopt different algorithms. In IB-IVUS, a frequency spec-
trum is constructed using fast Fourier transformation, and 
radiofrequency signals are analyzed directly. In contrast, 
in VH-IVUS, a frequency spectrum is constructed using 
autoregressive analysis of radiofrequency signals, and radi-
ofrequency signals are modified by eight parameters for 
visualization. Both methods have a high predictive accu-
racy with respect to lipid components. Furthermore, both 
methods are reportedly useful in predicting the risk of dis-
tal embolization during PCI for acute coronary syndrome 
[22, 23]. However, a few studies have compared these two 
methods directly. Okubo et al. [24] compared IB-IVUS and 
VH-IVUS with histology as the gold standard and declared 
that IB-IVUS provided higher diagnostic accuracy than 
VH-IVUS for tissue characterization of coronary plaques. 
IB-IVUS has revealed a relationship between lipid vol-
ume and the development of the no-reflow phenomenon. In 
patients with acute MI, the amount of plaque was strongly 
correlated with both transient and persistent no-reflow dur-
ing stent implantation [16, 25]. In patients with unstable 
angina undergoing PCI, the no-reflow phenomenon was 
more likely in plaques with greater volume and a higher 
lipid ratio [22]. Moreover, vulnerable plaques causing acute 
coronary syndrome have a greater lipid area than do stable 
plaques [26]. Leakage of lipid components is an important 
factor in the development of the no-reflow phenomenon.

Several studies have investigated lipid volume using 
IB-IVUS in elective stent implantation. Uetani et al. [27] 
reported a cutoff lipid volume for post-procedural MI of 
45.6 mm3 (sensitivity 100.0 %, specificity 67.3 %). In 
our study, the cutoff lipid volume was 117.0 mm3 (sensi-
tivity 68.4 %, specificity 72.2 %) for the development of 
the no-reflow phenomenon. This is larger than in the pre-
vious study; however, the cutoff value in their study was 
for post-procedural myocardial injury defined as a tro-
ponin T level of >0.3 ng/mL, and the ratio of myocardial 
injury was 11.4 % in all cases, including cases without 
no-reflow. In our study, the ratio of angiographic no-reflow 
was 5.4 %, and the development of no-reflow caused the 
CK concentration to more obviously increase after PCI. 

The difference in these cutoff values may derive from 
the differences in the population in each study. Nonethe-
less, analysis of the true lipid volume is useful to identify 
lesions at high risk for the no-reflow phenomenon because 
of a strong association between lipid volume and the devel-
opment of the no-reflow phenomenon. While lesion length 
and stent length were important factors in the development 
of no-reflow, the lipid volume data included information 
on length. In our study, lipid volume was the only predic-
tor among the variables stemming from lesion characteris-
tics. However, this parameter cannot be used immediately 
before stenting because the analysis is too time-consuming 
(15–20 min).

We propose measurement of the estimated lipid vol-
ume as a rapid and simple technique with which to predict 
lesions at high risk for the no-reflow phenomenon immedi-
ately before PCI. The estimated lipid volume is defined as 
the lipid area at the MLD site × total stent length. These 
two factors are easily measured before stent implantation. 
According to the ROC analysis, the cutoff estimated lipid 
volume (132.6 mm3; sensitivity 68.4 %, specificity 66.8 %) 
for development of the no-reflow phenomenon had a pre-
dictive value equivalent to that of the true lipid volume for 
the prediction of no-reflow. The estimated and true lipid 
volume cutoffs identified the same lesions for the predic-
tion of no-reflow and identified lesions with a 10 % risk 
of the no-reflow phenomenon. Baim et al. [28] reported 
that the incidence of no-reflow in PCI for saphenous vein 
grafts was <10 % and that distal embolic protection devices 
reduced the development of no-reflow and prevented major 
adverse cardiac events. Both the true and estimated lipid 
volumes might provide clinically relevant tools with which 
to identify patients who are expected to benefit from distal 
embolic protection devices. However, the estimated lipid 
volume is rapidly and reliably measured and can guide 
decisions regarding stent size, final pressure for stent dila-
tion, intracoronary injection of nicorandil and/or sodium 
nitroprusside, and use of an embolic protection device. The 
prevention and/or reduction of no-reflow can improve the 
patient prognosis after elective PCI.

This retrospective observational study was conducted at 
a single center with a relatively small number of patients 
with no-reflow. The mean low-density-lipoprotein cho-
lesterol concentration in the patients of this study was 
>100 mg/dL, a factor that may have influenced the develop-
ment of the no-reflow phenomenon. Furthermore, because 
our method depends on IVUS images of the target lesion, 
there were some lesions whose morphology prevented 
assessment: lesions that the IVUS catheter could not cross 
and lesions with severe calcification. Additional prospec-
tive studies with larger sample sizes are needed to validate 
the conclusions of this study.
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Conclusions

The simple and rapid measurement of the estimated lipid 
volume immediately before stenting in PCI constitutes a 
reliable predictor of lesions at high risk for the no-reflow 
phenomenon and may thus optimize the procedure and 
improve patient prognosis.
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