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Abstract
Attenuated plaque on intravascular ultrasound (IVUS) and low attenuation plaque on computed tomography angiography 
(CTA) are associated with no-reflow phenomenon during percutaneous coronary intervention (PCI). However, evaluation 
by a single modality has been unable to satisfactorily predict this phenomenon. We investigated whether the combination of 
IVUS and CTA findings can ameliorate the predictive potential for no-reflow phenomenon after stent implantation during 
PCI in stable coronary artery disease (CAD). A total of 988 lesions of 707 stable CAD patients who underwent coronary 
CTA before PCI were enrolled. PCI was performed with preprocedural IVUS and stent implantation. As for plaque characters, 
very low attenuation plaque (CTA v-LAP) whose minimum density was < 0 Hounsfield units on CTA and attenuated plaque 
(IVUS AP) on IVUS were evaluated. No-reflow phenomenon was observed in 22 lesions (2.2%) of 19 patients (2.7%). Both 
CTA v-LAP and IVUS AP were much more frequently observed in patients with no-reflow phenomenon. Positive (PPV) 
and negative predictive values (NPV) and accuracy for prediction of no-reflow were almost equivalent between CTA v-LAP 
(13.2, 99.6, and 87.0%) and IVUS AP (15.7, 99.8, and 89.0%). The combination of CTA v-LAP and IVUS AP markedly 
ameliorated PPV (31.7%) without deterioration of NPV (99.7%) and increased the diagnostic accuracy (95.5%). These find-
ings showed that the combination of CTA v-LAP and IVUS AP improved the predictive power for no-reflow phenomenon 
after coronary stenting in stable CAD patients, suggesting the usefulness of combined estimation by using CTA and IVUS 
for predicting no-reflow phenomenon during PCI in clinical practice.

Keywords  No-reflow · Percutaneous coronary intervention · Intravascular ultrasound · Computed tomography 
angiography · Plaque

Introduction

No-reflow phenomenon that occurs through distal embolism 
derived from the plaque component after dilation procedures 
during percutaneous coronary intervention (PCI) causes 
transient myocardial ischemia. In many cases, it is revers-
ible, but a reduction in blood flow is sometimes protracted, Electronic supplementary material  The online version of this 

article (https​://doi.org/10.1007/s0038​0-018-1160-2) contains 
supplementary material, which is available to authorized users.
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causing myocardial infarction and leading to an unfavorable 
prognosis [1–6]. It was reported that no-reflow phenomenon 
after dilation procedures occurred in the presence of marked 
lipid lesions, and that attenuated plaque observed on intra-
vascular ultrasound (IVUS) was a predictive factor for this 
phenomenon [7–10]. However, in clinical practice, the posi-
tive predictive value of this factor is not high, and its predic-
tive performance is controversial. Computed tomography 
angiography (CTA) with devices involving ≥ 64 channels 
provides favorable images [11–13]. Recently, it has been 
routinely used for coronary artery disease (CAD) screening. 
CTA facilitates the visualization of plaque in coronary vessel 
wall as well as stenosis of coronary lumen, and histological 
properties of plaque also can be diagnosed based on its CT 
density. Lipid-rich plaque visualized on CTA was reported 
to show a density of < 50 Hounsfield units (HU) [14]. In par-
ticular, plaque with low attenuation (a density of < 30 HU) 
was evaluated as thin cap fibrous atheroma in many cases 
[15] and was shown to contribute to the development of 
distal embolism during PCI or onset of acute coronary syn-
drome (ACS) [16–20]. However, no study has assessed the 
positive or negative predictive value of low-density plaque 
detected by CTA for the development of distal embolism 
during PCI. In addition, a single modality, IVUS or CTA, 
was used in previous studies regarding the prediction of dis-
tal embolism; no study has combined the two modalities. 
In this study, we evaluated the predictive performance for 
no-reflow phenomenon after stent implantation during PCI 
using a single modality, CTA or IVUS, in patients with clini-
cally stable CAD, and examined whether the combination 
of CTA and IVUS findings improves the predictive power 
for this phenomenon.

Materials and methods

Subjects

Between May 2007 and March 2011, 988 lesions of 707 
consecutively eligible patients with stable CAD who under-
went coronary CTA and successful PCI with IVUS-guided 
stenting at the Department of Cardiology of the Nozaki 
Tokushukai Hospital were retrospectively enrolled in this 
study. All patients underwent PCI within 3 months (mean, 
41 days) after coronary CTA. Lesions with chronic total 
occlusion, in-stent restenosis, Rotablator or excimer laser 
use, persistent major side branch occlusion jailed by stent, or 
nondiagnostic coronary CTA image and bypass graft lesion 
were excluded.

All study procedures were carried out in accordance 
with the institutional and national ethical guidelines for 
human studies. All of the patients gave informed consent to 

participation in this study. The study protocol was approved 
by the ethics committees of the Nozaki Tokushukai Hospital.

Coronary CTA protocol

Coronary CTA examination was performed using Light 
Speed VCT (GE Healthcare, Milwaukee, WI). CT scan 
detector was 0.625 mm × 64 channels, rotation speed was 
350 ms/rotation, helical pitch was 0.16–0.20, tube volt-
age was 120 kV, and current was 617 ± 96 (370–780) mA. 
Image was scanned with breath-holding and electrocardio-
gram (ECG) gating. For the contrast-enhanced scan, iohexol 
(Omunipaque 300, DAIICH SANKYO COMPANY, Tokyo, 
Japan) or iopamidol (Iopamiron 370, Bayer Yakuhin, Ltd, 
Osaka, Japan) was injected into the antecubital or forearm 
vein via a 20 or 22 G nylon needle. Injection volume was 
different according to body weight [0.7 or 0.8 mL × body 
weight (kg)] and the maximum dose was 50 mL. Contrast 
medium was injected at a rate of 3.0–6.5 mL/s according to 
body weight, followed by 20–40 mL saline. Before scanning, 
15–20 mL contrast medium was injected as a test injection 
and the peak time of ascending aorta density was checked. 
Real scanning was started after this peak time from injection.

For pre-medication, 20 or 40  mg of metoprolol for 
patients having 60–70 bpm or more than 70 bpm, respec-
tively, was administrated orally 2 h before CT scanning. 
When a patient had sinus rhythm and their heart rate was 
more than 65 bpm just before scanning, landiolol (12.5 mg) 
and/or propranolol (up to 12 mg) was injected intravenously. 
For the patients with atrial fibrillation, verapamil (up to 
5 mg) as well as propranolol (up to 4 mg) was used for heart 
rate control at CT scanning.

CT image analysis

The image was analyzed by the Zio station or zioTerm2009 
(Ziosoft, Tokyo, Japan) with the Slab maximum intensity 
projection (MIP) method [21, 22]. Slab MIP method is one 
kind of image analyzing that is observed with changing slice 
angle, depth, and thickness of multiplanar reconstruction 
manually. Longitudinal image on Slab MIP method was 
observed with 5-mm thickness and cross-sectional image 
was with minimum thickness. Target lesion on CT was 
determined compared with coronary angiographic image. 
CT density was visualized by color map method classified 
with four levels (< 0 HU, ≥ 0 and < 30 HU, ≥ 30 and < 50 
HU, ≥ 50 and < 250 HU). We defined plaque whose mini-
mum density was < 30 HU as low attenuation plaque (LAP) 
and < 0 HU as very low attenuation plaque (v-LAP). A 
representative case with v-LAP is shown in Fig. 1a–c. If 
plaque of PCI target lesion had LAP or v-LAP, these areas 
were surveyed on cross-sectional image, and minimum CT 
density in the inside of LAP or v-LAP area was determined 
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using average score within a small region of interest circle 
(about 0.2 mm2). Coronary calcification was classified into 
none, mild, moderate, and severe according to calcium arc 
on cross-sectional image. CT images were analyzed by one 
investigator who did not know PCI information.

Angiographic and PCI protocol

Coronary angiography was performed using a bi-plane angi-
ography system (DIGITEX-Safire SP HB, SHIMADZU 
CORPORATION, Kyoto, Japan) or single-plane angiogra-
phy system (DIGITEX-Safire SP HC, SHIMADZU CORPO-
RATION, Kyoto, Japan), and with 4 Fr. diagnostic catheter 
or guiding catheter (6 or 7 Fr.) and power injection system 

(ACIST CVi Injection system, ACIST Medical Systems, 
Minnesota, USA). As a contrast medium, iohexol (Omuni-
paque 350) or iopamidol (Iopamiron 370) was used. For cor-
onary stent implantation, 100 mg/day aspirin and 200 mg/
day ticlopidine or 75 mg/day clopidogrel were administrated 
orally from pre- or post-PCI if not contraindicated. Heparin 
(7000 U) was administered intravenously before PCI proce-
dure and additional heparin was administered to keep acti-
vated clotting time > 250 s. PCI was performed with 6 or 7 
Fr. guiding catheter. Stent diameter and length were decided 
from measurement by IVUS examination. Stent diameter 
was adjusted to reference lumen diameter and the plaque of 
the target lesion was fully covered by stent wherever pos-
sible. Indication of direct stenting without pre-balloon dila-
tation, indication of filter device, and whether drug eluting 
stent or bare metal stent should be used were decided by 
individual physicians. Post-balloon dilation was performed 
if stent dilation was not enough from IVUS measurement. 
Jailed major side branch was protected with guide wire 
before stent implantation. If side branch had severe stenosis 
or occlusion after stent implantation, additional balloon dila-
tation or kissing balloon inflation was performed.

IVUS protocol

IVUS was performed before target lesion dilation and after 
stent implantation with 45 MHz Revolution (Volcano, Cali-
fornia, USA), 40 MHz Atlantis Pro 2 (Boston Scientific, 
Massachusetts, USA), or 40 MHz Intrafocus II (Terumo, 
Tokyo, Japan). IVUS image was recorded on network server 
(Goodnet, Goodman, Aichi, Japan) using auto pullback 
(1 mm/s). Attenuated plaque was defined as intraplaque 
ultrasound attenuation within 3 mm from image core without 
calcification with distribution of more than 1 mm length and 
more than 180° of arc (Fig. 1d). IVUS images were analyzed 
by one investigator who did not know PCI information.

Definition of no‑reflow phenomenon

Coronary flow was assessed by one investigator who did 
not know CTA information. No-reflow phenomenon was 
defined as Thrombolysis In Myocardial Infarction (TIMI) 
flow grade ≤ 2, decreased coronary flow compared with pre-
PCI angiogram, and ST segment elevation in ECG without 
visible coronary obstruction.

Statistical analysis

Values are expressed as the mean ± SD. An unpaired t test 
was used for comparison of continuous variables between 
the two groups. Comparison of categorical variables 
between groups was performed by Chi square test. The sen-
sitivity, specificity, positive predictive value (PPV), negative 

Fig. 1   Representative images of CTA v-LAP (a–c) and IVUS AP 
(d). a Longitudinal coronary image and cross-sectional point by slab 
maximum intensity projection image. b Grayscale cross-sectional 
image. c Color map image and measurement of minimum CT density. 
Red area indicates < 0 HU density, i.e., v-LAP (arrowheads), orange 
area ≥ 0 and < 30 HU, yellow area ≥ 30 and < 50 HU, and green 
area ≥ 50 and < 250 HU. d Arrowheads indicate attenuated plaque 
on IVUS. CTA​ computed tomography angiography, HU Hounsfield 
units, IVUS intravascular ultrasound, IVUS AP attenuated plaque on 
IVUS, v-LAP very low attenuation plaque



1124	 Heart and Vessels (2018) 33:1121–1128

1 3

predictive value (NPV), and diagnostic accuracy of CTA and 
IVUS findings were calculated for prediction of no-reflow 
phenomenon. In all analyses, p < 0.05 was accepted as sta-
tistically significant.

Results

Patient characteristics

No-reflow phenomenon was observed in 19 (2.7%) of 707 
patients. There was no statistically significant difference in 
age, gender, coronary risk factor, or previous PCI or coro-
nary artery bypass graft between the two groups with and 
without no-reflow (Table 1). Creatinine kinase (CK)-MB 
elevation was defined as three times or more elevation than 
upper normal limit in the next day morning. If CK-MB level 
was not measured, CK was adopted instead of CK-MB. 
CK-MB (or CK) elevation was significantly more frequent 
in the no-reflow (+) group (15.8 vs. 1.6%, p < 0.001).

Angiographic and procedural characteristics

The no-reflow phenomenon was observed in 22 (2.2%) of 
988 lesions. As a target vessel for PCI, the right coronary 
artery was significantly more frequent and left circumflex 
artery was less frequent in the no-flow (+) group (Table 2). 
Although the final balloon size was not different between 
the two groups, maximum balloon pressure was significantly 
lower (14.4 ± 4.0 atm vs. 16.5 ± 4.3 atm, p = 0.007) and the 
use of filter device for distal protection was more frequent 
(22.7 vs. 0%, p < 0.001) in the no-reflow (+) group.

CTA and IVUS findings

The prevalence rates of low-density plaque on CTA, 
which was defined as three different cutoff values of 
minimum CT density, i.e., less than 0 HU, 30 HU, and 50 
HU, were 144 (14.6%), 210 (21.3%), and 250 (25.3%), 
respectively (Table 3). On the other hand, the prevalence 
of attenuated plaque evaluated by IVUS (IVUS AP) was 

Table 1   Patient characteristics

Values are mean ± SD or number (percentage)
CABG coronary artery bypass graft, CK creatinine kinase, PCI percutaneous coronary intervention

All patients No-reflow (+) No-reflow (−) p value
n = 707 n = 19 n = 688

Age, years 68.6 ± 9.7 70.3 ± 9.6 68.5 ± 9.7 0.423
Male 486 (68.7) 15 (78.9) 471 (68.5) 0.331
Hypertension 572 (80.9) 15 (78.9) 557 (81.0) 0.826
Dyslipidemia 478 (67.6) 16 (84.2) 462 (67.2) 0.290
Diabetes mellitus 271 (38.3) 8 (42.1) 263 (38.2) 0.909
Smoking history 386 (54.6) 13 (68.4) 373 (54.2) 0.440
Hemodialysis 43 (6.1) 1 (5.3) 42 (6.1) 0.975
Previous PCI 331 (46.7) 10 (52.6) 320 (46.5) 0.598
Previous CABG 18 (2.5) 0 (0.0) 18 (2.6) 0.475
CK-MB (or CK) elevation 14 (2.0) 3 (15.8) 11 (1.6) < 0.001

Table 2   Angiographic and 
procedural characteristics

Values are mean ± SD or number (percentage)
LAD left anterior descending artery, LCX left circumflex artery, LMT left main trunk, RCA​ right coronary 
artery

All lesions No-reflow (+) No-reflow (−) p value
n = 988 n = 22 n = 966

Target vessel
 RCA​ 279 (28.2) 12 (54.5) 267 (27.6) 0.006
 LMT 34 (3.4) 1 (4.5) 33 (3.4) 0.774
 LAD 423 (42.8) 8 (36.4) 415 (43.0) 0.536
 LCX 252 (25.5) 1 (4.5) 251 (26.0) 0.023

Final balloon size, mm 2.94 ± 0.48 3.10 ± 0.43 2.94 ± 0.47 0.117
Maximum pressure, atm 16.4 ± 4.3 14.4 ± 4.0 16.5 ± 4.3 0.007
Filter device use 5 (0.5) 5 (22.7) 0 (0.0) < 0.001
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127 (12.9%). As expected, the presence of IVUS AP 
was closely associated with the existence of low-density 
plaque on CTA (Supplementary Table S1).

Comparison of the CTA and IVUS findings between 
the two groups with and without no-reflow phenomenon, 
low-density plaque detected by CTA was more frequently 
observed in the no-reflow (+) group, regardless of the 
three different cutoff values of minimum CT density (< 0 
HU, 86.4 vs. 12.9%, p < 0.001; < 30 HU, 95.5 vs. 19.6%, 
p < 0.001; < 50 HU, 95.5 vs. 23.7%, p < 0.001) (Table 3). 
Similarly, IVUS AP was significantly frequent in the no-
reflow (+) group (90.9 vs. 11.1%, p < 0.001). There was 
no difference in the presence of calcified lesion or cal-
cium level between the two groups.

Prediction of no‑reflow phenomenon

The prevalence rates of no-reflow phenomenon in three 
subgroups with low-density plaque on CTA, i.e., with < 0 
HU, < 30 HU, and < 50 HU of minimum CT density, 
were 13.2, 10.0, and 8.3%, respectively (Supplementary 
Table S2). When several predictive indices for no-reflow 
phenomenon in the three subgroups were examined, PPV 
and accuracy were highest in the subjects with < 0 HU of 
minimum CT density, that is, with v-LAP (Supplementary 
Table S3).

The associations of the existence of CTA v-LAP and 
IVUS AP with no-reflow phenomenon are shown in Table 4. 
The CTA v-LAP (+) group had significantly more no-reflow 
phenomenon than the CTA v-LAP (−) group (13.2 vs. 0.4%, 
p < 0.001). Similarly, the IVUS AP (+) group had signifi-
cantly more no-reflow phenomenon than the IVUS AP (−) 
group (15.7 vs. 0.2%, p < 0.001). The group with both CTA 
v-LAP and IVUS AP also had significantly more no-reflow 
phenomenon than the other one (31.7 vs. 0.3%, p < 0.001), 
and the prevalence of no-reflow phenomenon was clearly 
elevated by the combination of CTA v-LAP and IVUS AP.

The sensitivity, specificity, PPV, NPV, and accuracy 
of CTA v-LAP for prediction of the no-reflow phenom-
enon were 86.4, 87.1, 13.2, 99.6, and 87.0%, respectively 
(Table 5). Likewise, those of IVUS AP were 90.9, 88.9, 
15.7, 99.8, and 89.0%, respectively. When evaluating the 
predictive value of the combination of CTA v-LAP and 
IVUS AP, its sensitivity, specificity, PPV, NPV, and accu-
racy for the no-reflow phenomenon were 86.4, 95.8, 31.7, 
99.7 and 95.5%, respectively, suggesting that the combina-
tion of these two factors improved PPV and accuracy with-
out decreasing NPV.

Discussion

We evaluated each predictive performance of IVUS or CTA 
for the development of no-reflow phenomenon after stenting 
in patients with stable CAD, and examined for the first time 
whether the combination of the two modalities improved the 

Table 3   CTA and IVUS findings

Values are number (percentage)
CTA​ computed tomography angiography, HU Hounsfield units, IVUS 
intravascular ultrasound, IVUS AP attenuated plaque on IVUS, LAP 
low attenuation plaque, v-LAP very low attenuation plaque

All lesions No-reflow (+) No-reflow (−) p value
n = 988 n = 22 n = 966

CTA​
 Minimum CT density
  < 0 HU 

(v-LAP)
144 (14.6) 19 (86.4) 125 (12.9) < 0.001

  < 30 HU 
(LAP)

210 (21.3) 21 (95.5) 189 (19.6) < 0.001

  < 50 HU 250 (25.3) 21 (95.5) 229 (23.7) < 0.001
 Calcified 

lesion
608 (61.5) 11 (50.0) 597 (61.8) 0.261

 Calcium level
  Mild 308 (31.2) 4 (18.2) 304 (31.5) 0.183
  Moderate 195 (19.7) 6 (27.3) 189 (19.6) 0.369
  Severe 105 (10.6) 1 (4.5) 104 (10.8) 0.349

 IVUS
  IVUS AP 127 (12.9) 20 (90.9) 107 (11.1) < 0.001

Table 4   Prevalence of no-reflow phenomenon according to CTA v-LAP and IVUS AP

Values are number (percentage)
AP attenuated plaque, CTA​ computed tomography angiography, IVUS intravascular ultrasound, v-LAP very low attenuation plaque

CTA​ IVUS CTA and IVUS

v-LAP (+) v-LAP (−) p value AP (+) AP (−) p value v-LAP (+) 
and AP (+)

v-LAP (−) or AP (−) p value

n = 144 n = 844 n = 127 n = 861 n = 60 n = 928

No-reflow (−) 125 (86.8) 841 (99.6) < 0.001 107 (84.3) 859 (99.8) < 0.001 41 (68.3) 925 (99.7)  < 0.001
No-reflow (+) 19 (13.2) 3 (0.4) 20 (15.7) 2 (0.2) 19 (31.7) 3 (0.3)
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predictive performance for this phenomenon. IVUS AP was 
observed in 12.9% of the lesions and CTA v-LAP in 14.6%. 
No-reflow phenomenon occurred in 2.2%. The negative pre-
dictive values of IVUS AP and CTA v-LAP were extremely 
favorable, but the positive predictive values of the respective 
modalities were not sufficient. On the other hand, no-reflow 
phenomenon appeared in 31.7% of lesions with both IVUS 
AP and CTA v-LAP, facilitating favorable positive predic-
tion. The accuracy further improved to 95.5%. In addition, 
the NPV of either finding was 99.7%; there was no deteriora-
tion in comparison with the NPVs of the respective findings 
as a single modality.

Previous studies involving patients with ACS lesions 
or a population consisting of patients with ACS and non-
ACS lesions predicted no-reflow phenomenon using IVUS 
or CTA. However, thrombi may be present in ACS lesions, 
and thrombus-related distal embolism may be included; the 
accuracy of prediction based on plaque assessment on IVUS 
or CTA may be reduced. Therefore, in this study, the sub-
jects were limited to patients with stable CAD to evaluate 
the prediction of plaque-related distal embolism, excluding 
thrombus formation as an etiological factor.

Some previous studies showed that attenuated plaque on 
IVUS was associated with the no-reflow phenomenon during 
PCI or myocardial damage after PCI [7, 8, 23, 24]. However, 
few studies have reported its predictive performance. Lee 
et al. [25] reported that, in patients with ACS, the coronary 
flow after PCI was TIMI flow grade ≤ 2 in 26.7% of cul-
prit lesions with attenuated plaque, while TIMI flow grade 
3 was observed after PCI in 95.4% of those without such 
plaque. This study involved patients with stable CAD, and 
the incidence of no-reflow phenomenon was low; therefore, 
the PPV was 15.7% based on IVUS findings, whereas the 
accuracy was 89.0% due to extremely high NPV (99.8%). 
When predicting accidents in clinical practice, not only a 
statistically significant correlation, but also high NPV are 
required; therefore, IVUS is useful for predicting the devel-
opment of the no-reflow phenomenon. However, the PPV is 
low; concerning this issue, the clinical usefulness of IVUS 
is not sufficient.

On the other hand, previous studies regarding CTA 
reported that the minimum CT density of plaque was sig-
nificantly lower in patients with the no-reflow phenomenon 
[26, 27]. Kinohira et al. [28] showed that the occurrence 

of transient slow flow was not rare during PCI in lesions 
with soft plaque whose minimum CT density was < 50 HU. 
Uetani et al. [29] also showed that the volume of < 50 HU 
within target lesions had an association with post-procedural 
elevation of cardiac damage-related biomarker levels. Hari-
gaya et al. [16] reported that the longitudinal length of LAP 
(CT density: < 30 HU) was significantly correlated with 
the no-reflow phenomenon. However, these studies did not 
investigate its predictive performance. In this study, LAP, 
which was previously reported as a predictive factor for the 
no-reflow phenomenon, was observed in 21.3% of all the 
lesions, and the NPV was 99.9%. However, the PPV was 
low (10.0%), with an accuracy of 80.8%. On the other hand, 
the PPV, NPV, and accuracy of v-LAP (minimum CT den-
sity: < 0 HU), which we defined in this study, were 13.2, 
99.6, and 87.0%, respectively, exceeding those of LAP. How-
ever, its positive prediction was not sufficient, as described 
for prediction based on attenuated plaque on IVUS.

The reasons why the PPV of attenuated plaque on IVUS 
for the no-reflow phenomenon was low include the pres-
ence of plaque with pathological intimal thickness, stable 
early necrotic core, and microcalcification in IVUS AP 
[30–32]. The reasons why the PPV of v-LAP on CTA for 
the no-reflow phenomenon was low include the presence 
of artifacts, including a beam-hardening artifact [33]. For 
this reason, a CT density differing from the CT density that 
tissue should essentially have is indicated, reducing the pre-
ciseness of prediction.

The PPV of plaque with two findings: attenuated plaque 
on IVUS and v-LAP on CTA was 31.7%, showing a marked 
improvement. The NPV in the absence of either finding was 
99.7%, being extremely favorable. The PPV and NPV may 
be at a clinically useful level. The accuracy of IVUS for 
visualizing findings other than calcification is high, and this 
procedure may cover the artifact-related inaccuracy of CTA. 
CTA facilitates the more accurate assessment of plaque lipid 
properties, which are difficult to distinguish on IVUS. Thus, 
the two procedures may have improved the accuracy of pre-
dicting the no-reflow phenomenon by covering each other’s 
disadvantages. The use of two diagnostic modalities, CTA 
as a routine examination to detect coronary artery lesions, 
and IVUS as a routine supporting tool for PCI, facilitates the 
accurate prediction of the no-reflow phenomenon, which is 
clinically significant.

Table 5   Prediction of no-reflow 
phenomenon by CTA v-LAP 
and IVUS AP

CTA v-LAP very low attenuation plaque on computed tomography angiography, IVUS AP attenuated 
plaque on intravascular ultrasound, NPV negative predictive value, PPV positive predictive value

Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)

CTA v-LAP 86.4 87.1 13.2 99.6 87.0
IVUS AP 90.9 88.9 15.7 99.8 89.0
CTA v-LAP + IVUS AP 86.4 95.8 31.7 99.7 95.5
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This study has the following limitations. (1) This was 
a single-center, retrospective observational study involving 
stable CAD patients who had undergone elective PCI; the 
incidence of events (no-reflow phenomenon) was relatively 
low. (2) As detailed data of medication for the present sub-
jects were lacking, we could not rule out the possibility that 
medical treatment such as antiplatelet therapy and statin 
use before PCI had biased our results. (3) PCI operators 
had checked CTA images before PCI and also performed 
IVUS just before PCI; these kinds of information might 
influence the decision of maximum dilation pressure and 
filter device use, particularly for expected high-risk lesions. 
(4) CTA showed physical status-/endovascular contrast 
medium concentration-/calcification-related differences in 
the CT density of plaque, but they were not corrected. (5) 
Plaque property assessment using CTA was based on the 
CT density on a single cross section; the volume of low CT 
density plaque involving a longitudinal direction was not 
evaluated. Furthermore, neither arc nor length of attenuated 
plaque on IVUS was quantitatively assessed. (6) No other 
predictive factor for no-reflow phenomenon on CTA, as pre-
viously reported, such as positive remodeling or the presence 
of napkin-ring signs [24, 25], was evaluated.

Conclusion

The predictive performance of the combination of CTA and 
IVUS for the no-reflow phenomenon after coronary stent-
ing in patients with stable CAD was more accurate than that 
of a single modality. In this method, imaging findings are 
evaluated based on the presence or absence of CTA v-LAP 
and IVUS AP alone; the no-reflow phenomenon can be pre-
dicted simply and accurately. The predictive performance 
does not solely indicate the correlation between CTA/IVUS 
findings and no-reflow phenomenon, but it may be useful 
for predicting the development of this phenomenon during 
PCI in clinical practice.

Compliance with ethical standards 

Conflict of interest  The authors have no conflict of interest to declare.

Open Access  This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat​iveco​
mmons​.org/licen​ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.

References

	 1.	 Ito H, Tomooka T, Sakai N, Yu H, Higashino Y, Fujii K, Mas-
uyama T, Kitabatake A, Minamino T (1992) Lack of myocardial 
perfusion immediately after successful thrombolysis. A predictor 
of poor recovery of left ventricular function in anterior myocardial 
infarction. Circulation 85:1699–1705

	 2.	 Piana RN, Paik GY, Moscucci M, Cohen DJ, Gibson CM, Kugel-
mass AD, Carrozza JP Jr, Kuntz RE, Baim DS (1994) Incidence 
and treatment of ‘no-reflow’ after percutaneous coronary interven-
tion. Circulation 89:2514–2518

	 3.	 Wu KC, Zerhouni EA, Judd RM, Lugo-Olivieri CH, Barouch 
LA, Schulman SP, Blumenthal RS, Lima JA (1998) Prognostic 
significance of microvascular obstruction by magnetic resonance 
imaging in patients with acute myocardial infarction. Circulation 
97:765–772

	 4.	 Morishima I, Sone T, Okumura K, Tsuboi H, Kondo J, Mukawa 
H, Matsui H, Toki Y, Ito T, Hayakawa T (2000) Angiographic no-
reflow phenomenon as a predictor of adverse long-term outcome 
in patients treated with percutaneous transluminal coronary angio-
plasty for first acute myocardial infarction. J Am Coll Cardiol 
36:1202–1209

	 5.	 Yip HK, Chen MC, Chang HW, Hang CL, Hsieh YK, Fang CY, 
Wu CJ (2002) Angiographic morphologic features of infarct-
related arteries and timely reperfusion in acute myocardial infarc-
tion: predictors of slow-flow and no-reflow phenomenon. Chest 
122:1322–1332

	 6.	 Resnic FS, Wainstein M, Lee MK, Behrendt D, Wainstein RV, 
Ohno-Machado L, Kirshenbaum JM, Rogers CD, Popma JJ, Piana 
R (2003) No-reflow is an independent predictor of death and myo-
cardial infarction after percutaneous coronary intervention. Am 
Heart J 145:42–46

	 7.	 Okura H, Taguchi H, Kubo T, Toda I, Yoshida K, Yoshiyama 
M, Yoshikawa J (2007) Atherosclerotic plaque with ultrasonic 
attenuation affects coronary reflow and infarct size in patients with 
acute coronary syndrome: an intravascular ultrasound study. Circ 
J 71:648–653

	 8.	 Wu X, Mintz GS, Xu K, Lansky AJ, Witzenbichler B, Guagliumi 
G, Brodie B, Kellett MA Jr, Dressler O, Parise H, Mehran R, 
Stone GW, Maehara A (2011) The relationship between attenuated 
plaque identified by intravascular ultrasound and no-reflow after 
stenting in acute myocardial infarction. JACC Cardiovasc Interv 
4:495–502

	 9.	 Suda A, Namiuchi S, Kawaguchi T, Nihei T, Takii T, Saji K, Sugie 
T, Kato A, Shimokawa H (2016) A simple and rapid method for 
identification of lesions at high risk for the no-reflow phenomenon 
immediately before elective coronary stent implantation. Heart 
Vessels 31:1904–1914

	10.	 Watanabe Y, Sakakura K, Taniguchi Y, Yamamoto K, Wada H, 
Fujita H, Momomura S (2017) Determinants of slow flow follow-
ing stent implantation in intravascular ultrasound-guided primary 
percutaneous coronary intervention. Heart Vessels. https​://doi.
org/10.1007/s0038​0-017-1050-z

	11.	 Meijboom WB, Meijs MF, Schuijf JD, Cramer MJ, Mollet NR, 
van Mieghem CA, Nieman K, van Werkhoven JM, Pundziute G, 
Weustink AC, de Vos AM, Pugliese F, Rensing B, Jukema JW, 
Bax JJ, Prokop M, Doevendans PA, Hunink MG, Krestin GP, 
de Feyter PJ (2008) Diagnostic accuracy of 64-slice computed 
tomography coronary angiography: a prospective, multicenter, 
multivendor study. J Am Coll Cardiol 52:2135–2144

	12.	 Miller JM, Rochitte CE, Dewey M, Arbab-Zadeh A, Niinuma H, 
Gottlieb I, Paul N, Clouse ME, Shapiro EP, Hoe J, Lardo AC, 
Bush DE, de Roos A, Cox C, Brinker J, Lima JA (2008) Diagnos-
tic performance of coronary angiography by 64-row CT. N Engl J 
Med 359:2324–2336

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00380-017-1050-z
https://doi.org/10.1007/s00380-017-1050-z


1128	 Heart and Vessels (2018) 33:1121–1128

1 3

	13.	 Taylor AJ, Cerqueira M, Hodgson JM, Mark D, Min J, O’Gara P, 
Rubin GD (2010) ACCF/SCCT/ACR/AHA/ASE/ASNC/NASCI/
SCAI/SCMR 2010 appropriate use criteria for cardiac computed 
tomography: a report of the American College of Cardiology 
Foundation Appropriate Use Criteria Task Force, the Society of 
Cardiovascular Computed Tomography, the American College of 
Radiology, the American Heart Association, the American Soci-
ety of Echocardiography, the American Society of Nuclear Car-
diology, the North American Society for Cardiovascular Imaging, 
the Society for Cardiovascular Angiography and Interventions, 
and the Society for Cardiovascular Magnetic Resonance. J Am 
Coll Cardiol 56:1864–1894

	14.	 Schroeder S, Kopp AF, Baumbach A, Meisner C, Kuettner A, 
Georg C, Ohnesorge B, Herdeg C, Claussen CD, Karsch KR 
(2001) Noninvasive detection and evaluation of atherosclerotic 
coronary plaques with multislice computed tomography. J Am 
Coll Cardiol 37:1430–1435

	15.	 Nakazato R, Otake H, Konishi A, Iwasaki M, Koo BK, Fukuya 
H, Shinke T, Hirata K, Leipsic J, Berman DS, Min JK (2015) 
Atherosclerotic plaque characterization by CT angiography for 
identification of high-risk coronary artery lesions: a comparison 
to optical coherence tomography. Eur Heart J Cardiovasc Imaging 
16:373–379

	16.	 Harigaya H, Motoyama S, Sarai M, Inoue K, Hara T, Okumura 
M, Naruse H, Ishii J, Hishida H, Ozaki Y (2011) Prediction of the 
no-reflow phenomenon during percutaneous coronary intervention 
using coronary computed tomography angiography. Heart Vessels 
26:363–369

	17.	 Motoyama S, Kondo T, Sarai M, Sugiura A, Harigaya H, Sato 
T, Inoue K, Okumura M, Ishii J, Anno H, Virmani R, Ozaki Y, 
Hishida H, Narula J (2007) Multislice computed tomographic 
characteristics of coronary lesions in acute coronary syndromes. 
J Am Coll Cardiol 50:319–326

	18.	 Motoyama S, Sarai M, Harigaya H, Anno H, Inoue K, Hara T, 
Naruse H, Ishii J, Hishida H, Wong ND, Virmani R, Kondo T, 
Ozaki Y, Narula J (2009) Computed tomographic angiography 
characteristics of atherosclerotic plaques subsequently resulting 
in acute coronary syndrome. J Am Coll Cardiol 54:49–57

	19.	 Motoyama S, Ito H, Sarai M, Kondo T, Kawai H, Nagahara Y, 
Harigaya H, Kan S, Anno H, Takahashi H, Naruse H, Ishii J, 
Hecht H, Shaw LJ, Ozaki Y, Narula J (2015) Plaque characteri-
zation by coronary computed tomography angiography and the 
likelihood of acute coronary events in mid-term follow-up. J Am 
Coll Cardiol 66:337–346

	20.	 Otsuka K, Fukuda S, Tanaka A, Nakanishi K, Taguchi H, Yoshi-
kawa J, Shimada K, Yoshiyama M (2013) Napkin-ring sign on 
coronary CT angiography for the prediction of acute coronary 
syndrome. JACC Cardiovasc Imaging 6:448–457

	21.	 Napel S, Rubin GD, Jeffrey RB Jr (1993) STS-MIP: a new recon-
struction technique for CT of the chest. J Comput Assist Tomogr 
17:832–838

	22.	 Choi JW, Seo JB, Do KH, Choi SI, Lee W, Ko SM, Lee SH, Lee 
JS, Song JW, Song KS, Lim TH (2006) Comparison of transaxial 
source images and 3-plane, thin-slab maximal intensity projection 
images for the diagnosis of coronary artery stenosis with using 
ECG-gated cardiac CT. Korean J Radiol 7:20–27

	23.	 Shiono Y, Kubo T, Tanaka A, Tanimoto T, Ota S, Ino Y, Aoki 
H, Ozaki Y, Orii M, Shimamura K, Ishibashi K, Yamano T, 
Yamaguchi T, Hirata K, Imanishi T, Akasaka T (2013) Impact 

of attenuated plaque as detected by intravascular ultrasound on 
the occurrence of microvascular obstruction after percutaneous 
coronary intervention in patients with ST-segment elevation myo-
cardial infarction. JACC Cardiovasc Interv 6:847–853

	24.	 Kini AS, Motoyama S, Vengrenyuk Y, Feig JE, Pena J, Baber U, 
Bhat AM, Moreno P, Kovacic JC, Narula J, Sharma SK (2015) 
Multimodality intravascular imaging to predict periprocedural 
myocardial infarction during percutaneous coronary intervention. 
JACC Cardiovasc Interv 8:937–945

	25.	 Lee SY, Mintz GS, Kim SY, Hong YJ, Kim SW, Okabe T, Pichard 
AD, Satler LF, Kent KM, Suddath WO, Waksman R, Weissman 
NJ (2009) Attenuated plaque detected by intravascular ultrasound: 
clinical, angiographic, and morphologic features and post-percuta-
neous coronary intervention complications in patients with acute 
coronary syndromes. JACC Cardiovasc Interv 2:65–72

	26.	 Nakazawa G, Tanabe K, Onuma Y, Yachi S, Aoki J, Yamamoto H, 
Higashikuni Y, Yagishita A, Nakajima H, Hara K (2008) Efficacy 
of culprit plaque assessment by 64-slice multidetector computed 
tomography to predict transient no-reflow phenomenon during 
percutaneous coronary intervention. Am Heart J 155:1150–1157

	27.	 Kodama T, Kondo T, Oida A, Fujimoto S, Narula J (2012) Com-
puted tomographic angiography-verified plaque characteristics 
and slow-flow phenomenon during percutaneous coronary inter-
vention. JACC Cardiovasc Interv 5:636–643

	28.	 Kinohira Y, Akutsu Y, Li HL, Hamazaki Y, Sakurai M, Saiki 
Y, Kodama Y, Nishimura H, Yamanaka H, Shinozuka A, Gokan 
T, Katagiri T (2007) Coronary arterial plaque characterized by 
multislice computed tomography predicts complications following 
coronary intervention. Int Heart J 48:25–33

	29.	 Uetani T, Amano T, Kunimura A, Kumagai S, Ando H, Yokoi 
K, Yoshida T, Kato B, Kato M, Marui N, Nanki M, Matsubara 
T, Ishii H, Izawa H, Murohara T (2010) The association between 
plaque characterization by CT angiography and post-procedural 
myocardial infarction in patients with elective stent implantation. 
JACC Cardiovasc Imaging 3:19–28

	30.	 Wu X, Maehara A, Mintz GS, Kubo T, Xu K, Choi SY, He Y, 
Guo N, Moses JW, Leon MB, De Bruyne B, Serruys PW, Stone 
GW (2010) Virtual histology intravascular ultrasound analysis of 
non-culprit attenuated plaques detected by grayscale intravascu-
lar ultrasound in patients with acute coronary syndromes. Am J 
Cardiol 105:48–53

	31.	 Pu J, Mintz GS, Biro S, Lee JB, Sum ST, Madden SP, Burke AP, 
Zhang P, He B, Goldstein JA, Stone GW, Muller JE, Virmani R, 
Maehara A (2014) Insights into echo-attenuated plaques, echolu-
cent plaques, and plaques with spotty calcification. Novel findings 
from comparisons among intravascular ultrasound, near-infrared 
spectroscopy, and pathological histology in 2,294 human coronary 
artery segments. J Am Coll Cardiol 63:2220–2233

	32.	 Bayturan O, Tuzcu EM, Nicholls SJ, Balog C, Lavoie A, Uno 
K, Crowe TD, Magyar WA, Wolski K, Kapadia S, Nissen SE, 
Schoenhagen P (2009) Attenuated plaque at nonculprit lesions in 
patients enrolled in intravascular ultrasound atherosclerosis pro-
gression trials. JACC Cardiovasc Interv 2:672–678

	33.	 Leipsic J, Abbara S, Achenbach S, Cury R, Earls JP, Mancini 
GJ, Nieman K, Pontone G, Raff GL (2014) SCCT guidelines for 
the interpretation and reporting of coronary CT angiography: a 
report of the Society of Cardiovascular Computed Tomography 
Guidelines Committee. J Cardiovasc Comput Tomogr 8:342–358


	Predictive performance of dual modality of computed tomography angiography and intravascular ultrasound for no-reflow phenomenon after percutaneous coronary stenting in stable coronary artery disease
	Abstract
	Introduction
	Materials and methods
	Subjects
	Coronary CTA protocol
	CT image analysis
	Angiographic and PCI protocol
	IVUS protocol
	Definition of no-reflow phenomenon
	Statistical analysis

	Results
	Patient characteristics
	Angiographic and procedural characteristics
	CTA and IVUS findings
	Prediction of no-reflow phenomenon

	Discussion
	Conclusion
	References




