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Abstract
Intravascular ultrasound (IVUS)-derived minimum lumen cross-sectional area (MLA) is useful to predict myocardial ischemia 
using fractional flow reserve (FFR). Recent studies reported an increase in the intraluminal ultrasonic integrated backscat-
ter (IB) value using IVUS across the coronary artery stenosis (CAS) was significantly correlated with FFR. However, 
these details have not been fully understood. We evaluated the utility of intraluminal IB analysis for predicting myocardial 
ischemia based on FFR measurements by comparing that with conventional IVUS-derived MLA. A total of 65 patients with 
75 intermediate lesions underwent both FFR and IB-IVUS simultaneously were analyzed. We measured IVUS-derived 
MLA and intraluminal IB value at the coronary ostial site, 5 mm distal site to the CAS, and far distal site, which is the same 
as the position of the pressure wire sensor. The increase in IB values was calculated as the distal IB value − the ostial IB 
value (focal ∆IB) and the far distal IB value − the ostial IB value (total ∆IB). MLA did not show a significant correlation 
with FFR (p = 0.13); however, focal ∆IB and total ∆IB showed significant correlations with FFR (p = 0.008 and p < 0.001, 
respectively). The receiver operating characteristic curve analysis shows that the best cut-off value of focal ∆IB and total ∆IB 
was 8 and 14, respectively. Although the diagnostic abilities to predict FFR ≤ 0.75 among IVUS-derived MLA ≤ 3.0 mm2, 
focal ∆IB ≥ 8, and total ∆IB ≥ 14 were similar, a multivariate analysis showed that total ∆IB was the most useful index 
(p < 0.001). In conclusion, total ∆IB, which is measured at the same as the position of FFR measurement, might be useful 
for functional assessment of intermediate CAS.

Keywords  Coronary artery stenosis · Integrated backscatter intravascular ultrasound · Fractional flow reserve · Minimum 
lumen area

Introduction

Physiological assessment for coronary artery disease is 
essential for determining the treatment strategy, such as 
percutaneous coronary intervention (PCI) or optimal medi-
cal therapy [1]. Fractional flow reserve (FFR) is generally 
used for determining functional severity of coronary artery 
stenosis (CAS) in the catheterization room. Routine meas-
urements of FFR are important not only for assessing CAS, 
but also for the management of patients [2, 3]. The previ-
ous studies reported that lesions with an FFR ≤ 0.75 are a 
criterion for myocardial ischemia and that deferring PCI for 
lesions with an FFR > 0.75 is safe and beneficial [4, 5]. On 
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the other hand, intravascular ultrasound (IVUS) can assess 
more detailed morphological information compared with 
coronary angiography (CAG), and is useful for optimizing 
PCI procedures [6–8]. Morphological parameters obtained 
by IVUS, such as the minimum lumen cross-sectional area 
(MLA), were significantly correlated with FFR values, and 
an MLA < 3.0 mm2 was the most common cut-off value 
for identifying an FFR < 0.75 in non-left main trunk dis-
ease (LMTD) [9]. However, a recent study reported that the 
MLA was not a sufficient index for evaluating functional 
severity of CAS [10]. Integrated backscatter (IB)-IVUS is 
generally used to identify the tissue characterization of coro-
nary atherosclerosis and neointima [11–13]. Ultrasonic IB 
has also been applied to assess echogenic properties of red 
blood cell aggregation [14]. A recent study reported that 
the increase in intraluminal ultrasonic integrated backscatter 
(IB) value across the lesion in the single discrete moder-
ate CAS was significantly correlated with FFR in the left 
anterior descending artery (LAD) [15]. A subsequent paper 
reported that the method for evaluating the difference in IB 
value to estimate the FFR value has been applied in complex 
lesions [16]. However, those details such as exact measure-
ment site have not been fully understood. In the present 
study, we evaluated the IB value at the ostium of the target 
vessel; the distal site, as the post 5 mm distal of the CAS; 
and the far distal site, which is the same as the position of 
the pressure wire sensor after advancing IVUS catheter to 
the far distal position. We compared the diagnostic ability of 
functionally significant CAS based on FFR between IVUS-
derived MLA and IB value differences.

Methods

A flow chart of the patient selection process in this study 
is shown in Fig. 1. From March 2013 to August 2017, 208 
consecutive patients who had intermediate stenosis and who 
underwent FFR measurements in our hospital were selected. 
Among those, 91 patients who underwent FFR and IVUS 
evaluation simultaneously were enrolled in this study. Exclu-
sion criteria were as follows: patients with LMTD, ostial 
lesion of right coronary artery (RCA), valvular disease, 
old myocardial infarction of the target vessel, and coronary 
artery ectasia. Furthermore, patients who underwent IVUS 
without the data of IB analysis were also excluded. Finally, 
75 lesions in 65 patients were included in this study. This 
study was performed in accordance with the Declaration of 
Helsinki, and was approved by the research ethics commit-
tee of the University of Occupational and Environmental 
Health. We obtained written informed consent from all 
patients.

Angiographic analysis

Qualitative and angiographic analyses were performed by 
a standard technique with automated edge-detection algo-
rithms (CAAS, GOODMAN, Nagoya, Japan) in our institu-
tion. The external diameter of a contrast-filled catheter was 
used as the calibration standard. Minimum lumen diameter, 
reference diameter, percentage of the diameter stenosis, and 
lesion length were measured in the least foreshortened view. 
The lesion location was based on the site of the minimal 
lumen diameter.

Fig. 1   Flow chart of patient 
selection. FFR fractional flow 
reserve, IVUS intravascular 
ultrasound, IB integrated back-
scatter, LMTD left main trunk 
disease, OMI old myocardial 
infarction



210	 Heart and Vessels (2019) 34:208–217

1 3

FFR measurement

Equalization was performed with a pressure guidewire sen-
sor that was positioned at the guiding catheter tip. A 0.014-
in pressure guidewire was then advanced into the coronary 
artery and positioned far distal to the stenotic lesion. FFR 
values were measured at maximal hyperemia induced by 
intravenous adenosine 5′-triphosphate infusion, administered 
at 180 μg/kg/min through a peripheral or central vein [17]. 
An FFR ≤ 0.75 was considered to indicate physiologically 
significant CAS [4].

IVUS imaging analysis

Intravascular ultrasound imaging and FFR were performed 
simultaneously after the diagnostic catheterization proce-
dure. IVUS imaging was performed by IntrafocusViewIT 
(Terumo, Tokyo, Japan) consisting of a rotating 40-MHz 
transducer within a 3.2 F imaging sheath and VISIWAVE 
system (Terumo, Tokyo, Japan). Pullback IVUS imag-
ing was performed after intracoronary administration of 
0.5–1.0-mg isosorbide dinitrate with motorized transducer 
pullback (0.5 mm/s). Off-line quantitative IVUS analysis 
was performed with computerized analysis (VISI ATLAS, 
Terumo, Tokyo, Japan). Attenuation by flowing blood was 
previously reported as 4.0 dB/mm [18–20]. This value was 
used to correct ultrasonic signal attenuation of IB analysis 
by vessel diameter. The lumen area and external elastic 
membrane (EEM) area were measured, and the plaque 
area was calculated as follows: (EEM area − lumen area)/
EEM area × 100 (%). These variables were measured in 

cross-sectional area per 1 mm. Lesion length was defined 
as cross-sectional area with a plaque burden > 40%. 
Plaque volume was calculated as follows: mean plaque 
area × lesion length. IB analyses were performed at the 
coronary ostial site, the distal site to the lesion, and the 
far distal site to the lesion. We defined the coronary ostial 
site as the point just distal to the guide catheter and the 
distal site as the point 5-mm distal of the CAS; the rea-
son for these definitions was to allow for focal evalua-
tion and to avoid turbulence immediately after the CAS. 
Moreover, we measured the far distal IB value which was 
the same as the position of the pressure wire sensor after 
advancing IVUS catheter. The IB values were measured 
using 3 slices in the late diastolic phase, and the average 
was taken as the IB value; this measurement technique 
was used to reduce cardiac motion artifacts. Cross sec-
tions with major side branches were avoided and adjacent 
slices were adequately selected for this analysis. IB values 
were obtained at the intraluminal area (lumen area remov-
ing IVUS catheter area and guidewire artifact), and then, 
the average IB value was calculated automatically. Focal 
ΔIB was calculated as follows: 5 mm distal IB value − the 
ostial IB value. Furthermore, we defined the increase in 
IB values (total ΔIB) as the far distal IB value − the ostial 
IB value. Representative cases of IB values and total ΔIB 
analysis are shown in Fig. 2. To evaluate the reliability 
of intraluminal IB value measurements, IB values were 
independently measured in 10 randomly selected patients 
by 2 experienced cardiologists and the intra-observer and 
inter-observer variabilities of IB values were compared.

Fig. 2   Schema of IB-IVUS 
analysis. Orange and green cir-
cles indicate lumen and IVUS 
catheter areas, respectively. 
Light blue triangles indicate 
the artifact area by an IVUS 
catheter. The target area to 
calculate IB values consisted of 
the lumen area after removing 
the IVUS catheter and artifact 
areas. IB integrated backscatter, 
IVUS intravascular ultrasound
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Statistical analysis

All statistical analyses were performed with JMP11.0 
(SAS institute, Cary, NC, USA). All values are expressed 
as mean ± SD (continuous variables) or as count and per-
centage (categorical variables). Continuous variables were 
compared with the Student’s t test or Wilcoxon’s rank-sum 
test. Categorical variables were compared between groups 
by Chi-square analysis or Fisher’s exact test. A stepwise 
multiple linear regression analysis was performed among 
the variables with p < 0.10 by a univariate correlation 
analysis to confirm the utility of ∆IB.

To determine the FFR ≤ 0.75, receiver operating char-
acteristic (ROC) curves were analyzed to assess the best 
cut-off IB values derived from IVUS assessment that mini-
mized the distance between the curve and the upper corner. 
The accuracy, sensitivity, specificity, positive predictive 
value (PPV), and negative predictive value (NPV) with 
95% confidence interval (CI) were obtained. McNemar’s 
test was performed to compare the diagnostic performance 
for predicting FFR ≤ 0.75 between IVUS-derived MLA or 
focal ∆IB and total ∆IB. A p value < 0.05 was considered 
statistically significant.

Results

Patient characteristics

The patient characteristics are shown in Table 1. The mean 
age of the study population was 68.9 ± 10.6 years, 80% 
were male, and 52% of the patients had diabetes. Left ven-
tricular ejection fraction and renal function was preserved 
in most of patients, but 6 patients were undergoing hemo-
dialysis. Nearly, half of the patients were symptomatic and 
asymptomatic. Most patients had received an antiplatelet 
or anticoagulant therapy; however, 8 patients who did not 
performed PCI had not received any of these drugs.

Angiographic analysis

Angiographic analyses are shown in Table 2. Forty-eight 
lesions were located at the left anterior descending artery 
(LAD), 15 in the left circumflex artery (LCX), and 12 in 
the RCA. Mean reference diameter was 2.55 ± 0.58 mm 
(95% CI 2.45–2.71), minimum lumen diameter was 
1.30 ± 0.48 mm (95% CI 1.21–1.39), percentage of the 
diameter stenosis was 49.4 ± 12.2% (95% CI 46.6–52.2), 
and lesion length was 12.5 ± 8.7 mm (95% CI 10.5–14.5).

Measurement of FFR

In all patients, coronary pressure measurements were suc-
cessfully performed without complications. Measurements 
of FFR are shown in Table 2. The mean FFR value was 
0.79 ± 0.10 (95% CI 0.76–0.81). Figure 3 shows the distri-
bution of FFR values by 0.05. There were 31 (41%) lesions 
associated with an FFR value of ≤ 0.75, which was con-
sidered to be physiologically significant CAS. There was 
no significant difference in FFR between patients with 

Table 1   Baseline clinical characteristics and the results of simple lin-
ear regression between these parameters and FFR

Values are mean ± SD or number (percentage of total)
eGFR estimated glomerular filtration rate, SAP single antiplatelet, 
DAP dual antiplatelet, ARB angiotensin receptor blocker, ACE angio-
tensin-converting enzyme

Variable n = 65 Coefficient p value

Age (years) 68.9 ± 10.6 0.296 0.424
Sex (male) 52 (80) 0.166 0.158
Body mass index (kg/m2) 24.1 ± 3.5 − 0.037 0.098
Hypertension 48 (74) 0.124 0.254
Dyslipidemia 49 (75) 0.095 0.373
Diabetes mellitus 34 (52) 0.018 0.552
Current smoker 21 (32) 0.140 0.522
Symptomatic angina 34 (52) 0.014 0.878
Silent myocardial ischemia 31 (48) 0.014 0.878
Heart rate (bpm) 68.8 ± 11.7 0.013 0.915
Systolic blood pressure (mmHg) 132.2 ± 20.9 0.114 0.332
Diastolic blood pressure 

(mmHg)
70.3 ± 15.1 0.217 0.061

Total protein (g/dl) 6.88 ± 0.60 0.178 0.139
Albumin (g/dl) 3.86 ± 0.56 0.261 0.024
Hemoglobin (g/dl) 12.8 ± 2.2 0.192 0.098
Hematocrit (%) 37.9 ± 6.1 0.176 0.132
eGFR (ml/min/1.73 m2) 55.3 ± 26.6 0.031 0.791
Hemodialysis 7 (11%) 0.107 0.429
Left ventricular hypertrophy 13 (25%) 0.151 0.151
Left ventricular ejection fraction 

(%)
57.7 ± 12.2 0.027 0.820

Left ventricular mass index (g/
m2)

106.0 ± 36.0 0.155 0.183

Antiplatelet and anticoagulation 0.149 0.652
 None 8 (12)
 Single antiplatelet (SAP) 15 (23)
 Dual antiplatelet (DAP) 36 (55)
 Anticoagulant 1 (2)
 Anticoagulant with SAP 3 (5)
 Anticoagulant with DAP 2 (3)

β Blocker 31 (48) 0.106 0.316
ARB or ACE inhibitor 36 (55) 0.123 0.243
Statin 49 (75) 0.024 0.832
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symptomatic angina and those with silent myocardial 
ischemia (0.79 ± 0.09 vs. 0.78 ± 0.10, p = 0.88, SD = 0.02).

IVUS findings

Intravascular ultrasound findings are shown in Table 3. The 
mean MLA was 2.6 ± 1.0 mm2 (95% CI 2.3–2.8), and 57 
(76%) lesions showed MLA < 3.0 mm2. Mean EEM, lumen, 
and plaque areas were 13.2 ± 4.6 mm2 (95% CI 12.1–14.3), 

4.9 ± 1.9 mm2 (95% CI 4.5–5.4), and 8.1 ± 3.0 mm2 (95% 
CI 7.4–8.8), respectively. Mean lesion length, as well as 
EEM, lumen, and plaque volumes were 22.6 ± 13.1 mm 
(95% CI 19.6–25.7), 322.6 ± 238.0  mm (95% CI 
266.2–378.9), 113.6 ± 83.3 mm (95% CI 93.9–133.3), and 
191.3 ± 128.3 mm3 (95% CI 161.0–221.7), respectively.

The mean IB value at the ostial, distal, and far distal sites 
was 100.5 ± 12.9 (95% CI 97.5–103.5), 114.3 ± 15.2 (95% 
CI 110.8–117.8), and 121.7 ± 16.5 (95% CI 117.9–125.5), 
respectively. The mean IB value at the far distal site was 
significantly higher than that at the ostial and distal sites 
(p < 0.0001 and p < 0.0001, respectively). The focal ∆IB 
and total ΔIB values were calculated as 13.6 ± 7.6 (95% CI 
11.9–15.4) and 21.4 ± 11.9 (95% CI 18.6–24.1), respectively. 
For total ∆IB values, the intra- and inter-observer coeffi-
cients were 0.99 and 0.99, respectively.

Correlations of FFR and IVUS findings

There was no significant correlation between FFR and MLA 
in all lesions (r = 0.176, p = 0.130) (Fig. 4a); however, LAD 
lesions had a moderate correlation (r = 0.287, p = 0.048) 
(Fig. 4b). There was a significant correlation between FFR 
and focal or total ∆IB in all lesions (r = − 0.305, p = 0.008 
and r = − 0.410, p < 0.001, respectively) (Fig. 4c). There was 
significant correlation between FFR and total ∆IB in LAD 
lesions (r = − 0.496, p < 0.001) (Fig. 4d), but not in LCX and 
RCA lesions. A multiple linear regression analysis showed 
that lumen volume and total ∆IB were the most useful index 
(p < 0.001) (Table 4).

The diagnostic ability using the criteria of IVUS-
derived MLA < 3.0 mm2 in all lesions showed a sensitivity, 

Table 2   Findings for angiographic parameters and FFR

Values are mean ± SD or number (percentage of total)
QCA quantitative coronary angiography, FFR fractional flow reserve

Variable n = 75

Target vessel
 Left anterior descending 48 (64)
 Left circumflex 15 (20)
 Right coronary artery 12 (16)

QCA analysis
 Reference diameter (mm) 2.55 ± 0.58
 Minimum lumen diameter (mm) 1.30 ± 0.48
 Diameter stenosis (%) 49.4 ± 12.2
 Lesion length (mm) 12.5 ± 8.7

FFR measurement
 FFR value 0.79 ± 0.10
  Left anterior descending 0.78 ± 0.09
  Left circumflex 0.84 ± 0.08
  Right coronary artery 0.75 ± 0.12

 FFR ≤ 0.75 31 (41)
 FFR ≤ 0.80 44 (59)

Fig. 3   Distribution of FFR 
values by 0.05. FFR, fractional 
flow reserve
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specificity, PPV, NPV, and accuracy of 81, 27, 44, 67, and 
49%, respectively. ROC curve analysis showed that the best 
cut-off value of focal ∆IB and total ΔIB for detecting myo-
cardial ischemia were 8 and 14, respectively. The diagnostic 
ability using the index of focal ∆IB in all lesions showed 
a sensitivity, specificity, PPV, NPV, and accuracy of 90, 
36, 50, 84, and 59%, respectively. On the other hand, the 
diagnostic ability using the index of total ∆IB in all lesions 
showed a sensitivity, specificity, PPV, NPV, and accuracy 
of 91, 39, 52, 89, and 61%, respectively (Fig. 5). There was 
no significant difference between IVUS-derived MLA or 
focal ∆IB and total ∆IB in their diagnostic performance 
(p = 0.180 and p = 0.317, respectively).

Discussion

The major findings of this study are as follows: (1) IVUS-
derived IB values showed an increase from the coronary 
ostial site to the distal and far distal sites to the CAS; (2) 
IVUS-derived MLA did not have a significant correlation 
with FFR, whereas focal ∆IB and total ΔIB had a signifi-
cant correlation with FFR; and (3) there was no significant 

difference in terms of the diagnostic ability for predicting 
myocardial ischemia between IVUS-derived MLA or focal 
∆IB and total ∆IB; however, total ∆IB was the most useful 
index to predict FFR.

In the present study, we measured the far distal IB 
value same as the position of the pressure wire sensor 
after advancing IVUS catheter in all patients who under-
went both FFR and IVUS imaging, whereas the previous 
two studies did not performed IVUS imaging same as the 
position of the pressure wire sensor [9, 21]. As shown in 
the results, IB value at the far distal site is higher than the 
coronary ostial and distal sites to the CAS. The previous 
studies showed that there was a significant inverse correla-
tion between FFR and an increase in IB value across the 
CAS [15, 16]. These reports showed that a focal evaluation 
of an increase in IB value can be an alternative to FFR. 
On the other hand, the present study evaluated the whole 
vessel including all stenotic sites as well as FFR measure-
ment in the complex lesions. If CAG shows a focal ath-
erosclerosis, IVUS often reveals the presence of the entire 
atherosclerosis. As compared with the previous methods, 
the present method might also be useful as an alternative 
analysis [15, 16]. In fact, total ΔIB showed a strong corre-
lation with FFR. Although there was no significant differ-
ence between IVUS-derived MLA or focal ∆IB and total 
∆IB in their diagnostic performance to predict FFR ≤ 0.75, 
a multivariate analysis shows that total ∆IB and lumen 
volume are the independent predictors of FFR.

The previous studies have shown that IVUS-derived 
MLA and FFR have a significant correlation [9, 21]. How-
ever, recent studies have shown a variety of cut-off val-
ues (2.1–4.4 mm2) for the diagnosis of an FFR ranging 
from ≤ 0.75 to 0.80 [10]. The reason why there is a discord-
ance between FFR and MLA is due to that the following 
criteria of IVUS-derived MLA for physiological assessment: 
vessel size, lesion location, and plaque characteristics such 
as plaque rupture [22, 23]. Measurement of IB value is also 
concerned with the problem of vessel size; however, the pre-
vious studies showed that the effect of attenuation was cor-
rected for IB value measurements [18–20]. This may allow 
us to evaluate intraluminal IB value regardless of vessel size.

The cut-off value of total ΔIB for identifying an 
FFR ≤ 0.75 was 14 in our study, although the criteria 
showed a relatively low specificity and PPV, but relatively 
high sensitivity and NPV. An examination with high sen-
sitivity shows low undetected error probability, and thus 
identifying a serious, but treatable disease, is important. 
Moreover, a high NPV in our study indicated that this 
method is superior for the determination of an exclusive 
diagnosis. This method might not provide a long-term 
prognosis. Total ∆IB may not have a superior diagnos-
tic ability for assessing myocardial ischemia statistically; 
however, it showed the most useful index for predictor of 

Table 3   Findings for IVUS parameters and the results of simple lin-
ear regression between these parameters and FFR

Values are mean ± SD or number (percentage of total)
EEM external elastic membrane, IB integrated backscatter, IVUS 
intravascular ultrasound

Variable n = 75 Coefficient p value

Minimum lumen area (mm2) 2.6 ± 1.0 0.176 0.130
 Left anterior descending 2.7 ± 1.0 0.287 0.048
 Left circumflex 2.2 ± 0.8 − 0.033 0.906
 Right coronary artery 2.6 ± 1.2 0.327 0.300

EEM area (mm2) 13.2 ± 4.6 0.036 0.722
Lumen area (mm2) 4.9 ± 1.9 0.043 0.980
Plaque area (mm2) 8.1 ± 3.0 0.032 0.789
Area stenosis (%) 63.2 ± 7.7 − 0.013 0.916
Lesion length (mm) 22.6 ± 13.1 − 0.369 0.002
EEM volume (mm3) 322.6 ± 238.0 − 0.297 0.012
Lumen volume (mm3) 113.6 ± 83.3 − 0.363 0.002
Plaque volume (mm3) 191.3 ± 128.2 − 0.294 0.013
IVUS-analyzed length (mm) 89.5 ± 24.6 − 0.209 0.072
IB value (ostium) 100.5 ± 12.9 0.078 0.507
IB value (5 mm distal) 114.3 ± 15.2 − 0.091 0.437
IB value (far distal) 121.7 ± 16.5 − 0.242 0.037
Focal ΔIB value 13.6 ± 7.6 − 0.305 0.008
Total ΔIB value 21.4 ± 11.9 − 0.410 < 0.001
 Left anterior descending 21.5 ± 10.5 − 0.496 < 0.001
 Left circumflex 22.8 ± 15.8 − 0.521 0.056
 Right coronary artery 19.0 ± 12.5 − 0.393 0.206
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FFR by a multivariate analysis. Lumen volume was indi-
cated to be an additional useful index to predict FFR.

Another point should be considered in this meth-
odology. The proof of concept study of the correlation 
between an increased intraluminal IB value across the 
CAS included only LAD lesions [15]. The subsequent 
study revealed a strong correlation in LAD lesions and 
a moderate correlation in RCA lesions, but not in LCX 
lesions [16]. The present study showed a strong correlation 
in LAD lesions, but not in LCX and RCA lesions. These 
three studies clearly indicate that a strong correlation was 
present between an increased intraluminal IB value across 
the CAS in LAD lesions, but further study is needed for 
LCX and RCA lesions because of our small sample size.

Intraluminal IB values reflect the intensity of blood 
speckle (mainly red blood cells) and are affected by coro-
nary blood flow [24, 25]. Other factors also affect ultrasound 
backscatter, such as hematocrit, erythrocyte, plasma fibrino-
gen, shear rate, blood flow velocity, vessel size, pulse rate, 
and ultrasound frequency [26]. Furthermore, coronary artery 
pressure across stenosis is determined by the sum of vis-
cous and separation losses [27]. Poiseuille’s law describes 
the relation between a drop in pressure and blood flow in 
a stiff tube under steady flow. In this setting, pressure is 
lost because of viscous friction at the entrance and inner 
area of the stenotic lesion [28, 29]. In addition, Bernoulli’s 
law describes that as the speed of blood flow increases, the 
pressure within blood decreases. In this setting, narrowing 

Fig. 4   Correlation between FFR values and MLA in all lesions (a) 
and LAD lesions (b). Correlation between the FFR value and total 
ΔIB in all lesions (c) and LAD lesions (d). FFR fractional flow 

reserve, MLA minimum lumen area, IB integrated backscatter, LAD 
left anterior descending artery
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of the cross-sectional area accelerates convection along 
the stenotic lesion [29]. Furthermore, flow separation and 
disturbed flow prevent complete pressure recovery at the 
presence of stenotic lesions [28]. In this study, FFR during 
hyperemia correlated with not only focal but also total delta 
IB during basal condition. Recently, instantaneous wave-
free ratio (iFR) is known to correlate closely with FFR. 
iFR is calculated from the ratio of resting distal coronary 
pressure and aortic pressure over a specific period in late 
diastole, the wave-free ratio, during which intracoronary 
resistance is purportedly naturally constant and minimal 

[30]. We measured intraluminal IB values in the late dias-
tolic phase with reference to reduce cardiac motion in this 
study. Therefore, the non-hyperemic intraluminal IB meas-
urements might be used for physiological assessment of 
coronary artery stenosis severity at rest. Furthermore, the 
ultrasound IB values are originally measured in decibels. 
The delta IB may correspond to measuring the ratio of cal-
culated values across the stenosis like FFR and coronary 
flow reserve. However, further study is needed to evaluate 
whether focal and total ∆IB during hyperemia improve the 
correlation with FFR or not.

Clinical implications

Current guidelines on myocardial revascularization recom-
mend appropriate intervention (not only PCI, but also optical 
medical therapy) for ischemic heart disease [31, 32]. FFR is 
generally used for determining the presence of myocardial 
ischemia, but IVUS-guided PCI is widely used for obtaining 
a better outcome than angiography-guided PCI. However, 
both modalities have a high medical cost. This method may 
lead to curtail FFR measurements during PCI.

Limitations

The results from the present study should be interpreted with 
consideration of some limitations. First, the relatively small 
sample size limited the statistical power and the strength 
of the conclusions. Especially, the influence of antiplatelet 

Table 4   Results of multiple linear regression analysis between IVUS 
parameters and FFR

IB integrated backscatter

Variable Coefficient p value

Diastolic blood pressure (mmHg) 0.583 0.518
Albumin (g/dl) 0.566 0.257
Hemoglobin (g/dl) 0.597 0.630
Lesion length (mm) − 0.589 0.518
EEM volume (mm3) − 0.601 0.721
Lumen volume (mm3) − 0.555 < 0.001
Plaque volume (mm3) − 0.595 0.320
IVUS-analyzed length (mm) 0.580 0.209
IB value (far distal) − 0.599 0.605
Focal ∆IB value − 0.601 0.794
Total ∆IB value − 0.410 < 0.001

Fig. 5   Diagnostic accuracy of 
IVUS-derived MLA, focal ∆IB, 
and total ΔIB for FFR ≤ 0.75 
in all lesions. MLA minimum 
lumen area, IB integrated 
backscatter, FFR fractional flow 
reserve, PPV positive predictive 
value, NPV negative predictive 
value
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or anticoagulant therapy was not fully excluded from this 
result because of small sample size. In addition, we used 
the statistical analysis conventionally performed in the pre-
vious similar researches [22, 33, 34]. However, there was a 
statistical problem owing to the normality of distribution in 
the variables. Second, patients were only recruited from our 
hospital. One hundred seventeen of the 208 patients who 
underwent FFR did not undergo IVUS evaluation. Although 
we compared the clinical characteristics between 91 patients 
who underwent both FFR and IVUS evaluation and the other 
remaining 117 patients, there was no significant difference 
in all variables between them. Third, measurement of vessel 
size was not unified. Therefore, the effect of the IVUS analy-
sis software system might not have been completely equal 
in each patient. However, the previous studies showed that 
the effect of attenuation was corrected for IB value measure-
ments [18–20]. Finally, IB values were measured without 
hyperemia; however, FFR values were measured with hyper-
emia. The difference in these conditions may have affected 
the correlation between FFR and total ΔIB, whereas the 
present method is clinically reasonable, because we usu-
ally undergo IVUS-guided PCI without hyperemia. Further 
studies comparing total ΔIB with hyperemia and FFR are 
required.

Conclusion

Total ∆IB, which is measured at the same as the position of 
FFR measurement, might be useful for functional assess-
ment of intermediate CAS.

Acknowledgements  We have no financial or other relations that could 
lead to conflict of interest.

Compliance with ethical standards 

Conflict of interest  The authors declare that they have no competing 
interest.

References

	 1.	 Iwasaki K (2014) Myocardial ischemia is a key factor in the 
management of stable coronary artery disease. World J Cardiol 
6:130–139

	 2.	 Park SJ, Ahn JM (2012) Should we be using fractional flow 
reserve more routinely to select stable coronary patients for per-
cutaneous coronary intervention? Curr Opin Cardiol 27:675–681

	 3.	 Curzen N, Rana O, Nicholas Z, Golledge P, Zaman A, Oldroyd 
K, Hanratty C, Banning A, Wheatcroft S, Hobson A, Chitkara K, 
Hildick-Smith D, McKenzie D, Calver A, Dimitrov BD, Corbett 
S (2014) Does routine pressure wire assessment influence man-
agement strategy at coronary angiography for diagnosis of chest 
pain?: the RIPCORD study. Circ Cardiovasc Interv 7:248–255

	 4.	 Pijls NH, De Bruyne B, Peels K, Van Der Voort PH, Bonnier 
HJ, Bartunek JKJJ, Koolen JJ (1996) Measurement of fractional 
flow reserve to assess the functional severity of coronary-artery 
stenoses. N Engl J Med 334:1703–1708

	 5.	 Pijls NH, van Schaardenburgh P, Manoharan G, Boersma E, 
Bech JW, van’t Veer M, Bar F, Hoorntje J, Koolen J, Wijns 
W, de Bruyne B (2007) Percutaneous coronary intervention of 
functionally nonsignificant stenosis: 5-year follow-up of the 
DEFER Study. J Am Coll Cardiol 49:2105–2111

	 6.	 Jang JS, Song YJ, Kang W, Jin HY, Seo JS, Yang TH, Kim 
DK, Cho KI, Kim BH, Park YH, Je HG, Kim DS (2014) Intra-
vascular ultrasound-guided implantation of drug-eluting stents 
to improve outcome: a meta-analysis. JACC Cardiovasc Interv 
7:233–243

	 7.	 Takagi K, Shannon J, Basavarajaiah S, Latib A, Al-Lamee R, 
Hasegawa T, Godino C, Ferraro M, Figini F, Carlino M, Montor-
fano M, Chieffo A, Colombo A (2013) Discrepancies in vessel 
sizing between angiography and intravascular ultrasound varies 
according to the vessel evaluated. Int J Cardiol 168:3791–3796

	 8.	 Calvert PA, Obaid DR, O’Sullivan M, Shapiro LM, McNab D, 
Densem CG, Schofield PM, Braganza D, Clarke SC, Ray KK, 
West NE, Bennett MR (2011) Association between IVUS findings 
and adverse outcomes in patients with coronary artery disease: the 
VIVA (VH-IVUS in Vulnerable Atherosclerosis) Study. JACC 
Cardiovasc Imaging 4:894–901

	 9.	 Takagi A, Tsurumi Y, Ishii Y, Suzuki K, Kawana M, Kasanuki 
H (1999) Clinical potential of intravascular ultrasound for physi-
ological assessment of coronary stenosis: relationship between 
quantitative ultrasound tomography and pressure-derived frac-
tional flow reserve. Circulation 100:250–255

	10.	 Cho YK, Nam CW, Han JK, Koo BK, Doh JH, Ben-Dor I, Waks-
man R, Pichard A, Murata N, Tanaka N, Lee CH, Gonzalo N, 
Escaned J, Costa MA, Kubo T, Akasaka T, Hu X, Wang JA, Yang 
HM, Yoon MH, Tahk SJ, Yoon HJ, Chung IS, Hur SH, Kim KB 
(2015) Usefulness of combined intravascular ultrasound param-
eters to predict functional significance of coronary artery stenosis 
and determinants of mismatch. EuroIntervention 11:163–170

	11.	 Ando H, Suzuki A, Sakurai S, Kumagai S, Kurita A, Waseda K, 
Takashima H, Amano T (2017) Tissue characteristics of neointima 
in late restenosis: integrated backscatter intravascular ultrasound 
analysis for in-stent restenosis. Heart Vessels 32:531–538

	12.	 Takahashi S, Kawasaki M, Miyata S, Suzuki K, Yamaura M, Ido 
T, Aoyama T, Fujiwara H, Minatoguchi S (2016) Feasibility of 
tissue characterization of coronary plaques using 320-detector row 
computed tomography: comparison with integrated backscatter 
intravascular ultrasound. Heart Vessels 31:29–37

	13.	 Nozue T, Fukui K, Koyama Y, Fujii H, Kunishima T, Hikita H, 
Hibi K, Miyazawa A, Michishita I (2016) Effects of sitagliptin on 
coronary atherosclerosis evaluated using integrated backscatter 
intravascular ultrasound in patients with type 2 diabetes: rationale 
and design of the TRUST study. Heart Vessels 31:649–654

	14.	 Yuan YW, Shung KK (1988) Ultrasonic backscatter from flowing 
whole blood. I: dependence on shear rate and hematocrit. J Acoust 
Soc Am 84:52–58

	15.	 Tanno J, Nakano S, Kasai T, Ako J, Nakamura S, Senbonmatsu 
T, Nishimura S (2015) Increase in ultrasonic intensity of blood 
speckle across moderate coronary artery stenosis is an independ-
ent predictor of functional coronary artery stenosis measured by 
fractional flow reserve: pilot study. PLoS One 10:e0116727

	16.	 Saito Y, Kitahara H, Nakayama T, Fujimoto Y, Kobayashi Y 
(2017) Diagnostic accuracy of intraluminal blood speckle inten-
sity on intravascular ultrasound for physiological assessment of 
coronary artery stenosis. Coron Artery Dis 28:145–150

	17.	 Takami H, Sonoda S, Muraoka Y, Sanuki Y, Kashiyama K, 
Fukuda S, Oginosawa Y, Tsuda Y, Araki M, Otsuji Y (2017) 
Impact of additional intracoronary nicorandil administration 



217Heart and Vessels (2019) 34:208–217	

1 3

during fractional flow reserve measurement with intravenous 
adenosine 5′-triphosphate infusion. J Cardiol 69:119–124

	18.	 Sano K, Kawasaki M, Okubo M, Yokoyama H, Ito Y, Murata I, 
Kawai T, Tsuchiya K, Nishigaki K, Takemura G, Minatoguchi S, 
Zhou X, Fujita H, Fujiwara H (2005) In vivo quantitative tissue 
characterization of angiographically normal coronary lesions and 
the relation with risk factors: a study using integrated backscatter 
intravascular ultrasound. Circ J 69:543–549

	19.	 Komura N, Hibi K, Kusama I, Otsuka F, Mitsuhashi T, Endo M, 
Iwahashi N, Okuda J, Tsukahara K, Kosuge M, Ebina T, Umemura 
S, Kimura K (2010) Plaque location in the left anterior descend-
ing coronary artery and tissue characteristics in angina pectoris: 
an integrated backscatter intravascular ultrasound study. Circ J 
74:142–147

	20.	 Kawasaki M, Hattori A, Ishihara Y, Okubo M, Nishigaki K, Take-
mura G, Saio M, Takami T, Minatoguchi S (2010) Tissue char-
acterization of coronary plaques and assessment of thickness of 
fibrous cap using integrated backscatter intravascular ultrasound. 
Comparison with histology and optical coherence tomography. 
Circ J 74:2641–2648

	21.	 Waksman R, Legutko J, Singh J, Orlando Q, Marso S, Schloss T, 
Tugaoen J, DeVries J, Palmer N, Haude M, Swymelar S, Torguson 
R (2013) FIRST: fractional flow reserve and intravascular ultra-
sound relationship study. J Am Coll Cardiol 61:917–923

	22.	 Koo BK, Yang HM, Doh JH, Choe H, Lee SY, Yoon CH, Cho YK, 
Nam CW, Hur SH, Lim HS, Yoon MH, Park KW, Na SH, Youn 
TJ, Chung WY, Ma S, Park SK, Kim HS, Tahk SJ (2011) Optimal 
intravascular ultrasound criteria and their accuracy for defining 
the functional significance of intermediate coronary stenoses of 
different locations. JACC Cardiovasc Interv 4:803–811

	23.	 Kang SJ, Lee JY, Ahn JM, Song HG, Kim WJ, Park DW, Yun 
SC, Lee SW, Kim YH, Mintz GS, Lee CW, Park SW, Park SJ 
(2011) Intravascular ultrasound-derived predictors for fractional 
flow reserve in intermediate left main disease. JACC Cardiovasc 
Interv 4:1168–1174

	24.	 Sigel B, Machi J, Beitler JC, Justin JR (1983) Red cell aggregation 
as a cause of blood-flow echogenicity. Radiology 148:799–802

	25.	 Huang CC (2009) Cyclic variations of high-frequency ultrasonic 
backscattering from blood under pulsatile flow. IEEE Trans Ultra-
son Ferroelectr Freq Control 56:1677–1688

	26.	 Shung KK, Cloutier G, Lim CC (1992) The effects of hematocrit, 
shear rate, and turbulence on ultrasonic Doppler spectrum from 
blood. IEEE Trans Biomed Eng 39:462–469

	27.	 van de Hoef TP, Siebes M, Spaan JA, Piek JJ (2015) Fundamen-
tals in clinical coronary physiology: why coronary flow is more 
important than coronary pressure. Eur Heart J 36:3312–3319a

	28.	 van de Hoef TP, Meuwissen M, Escaned J, Davies JE, Siebes M, 
Spaan JA, Piek JJ (2013) Fractional flow reserve as a surrogate 
for inducible myocardial ischaemia. Nat Rev Cardiol 10:439–452

	29.	 Badeer HS (2001) Hemodynamics for medical students. Adv 
Physiol Educ 25:44–52

	30.	 Sen S, Escaned J, Malik IS, Mikhail GW, Faole RA, Mila R, Tar-
kin J, Petraco R, Broyd C, Jabbour R, Sethi A, Baker CS, Bellamy 
M, Al-Bustami M, Hackett D, Khan M, Lefroy D, Parker KH, 
Hughes AD, Francis DP, Mario CD, Mayet JM, Davied JE (2012) 
Development and validation of a new adenosine-independent 
index of stenosis severity from coronary wave-intensity analysis. 
J Am Coll Cardiol 59:1392–1402

	31.	 Authors/Task Force Members, Windecker S, Kolh P, Alfonso F, 
Collet JP, Cremer J, Falk V, Filippatos G, Hamm C, Head SJ, Juni 
P, Kappetein AP, Kastrati A, Knuuti J, Landmesser U, Laufer G, 
Neumann FJ, Richter DJ, Schauerte P, SousaUva M, Stefanini 
GG, Taggart DP, Torracca L, Valgimigli M, Wijns W, Witkowski 
A (2014) 2014 ESC/EACTS Guidelines on myocardial revascu-
larization: the Task Force on Myocardial Revascularization of the 
European Society of Cardiology (ESC) and the European Associa-
tion for Cardio-Thoracic Surgery (EACTS)Developed with the 
special contribution of the European Association of Percutaneous 
Cardiovascular Interventions (EAPCI). Eur Heart J 35:2541–2619

	32.	 Levine GN, Bates ER, Blankenship JC, Bailey SR, Bittl JA, Cer-
cek B, Chambers CE, Ellis SG, Guyton RA, Hollenberg SM, 
Khot UN, Lange RA, Mauri L, Mehran R, Moussa ID, Mukher-
jee D, Nallamothu BK, Ting HH (2011) 2011 ACCF/AHA/SCAI 
Guideline for Percutaneous Coronary Intervention: a report of 
the American College of Cardiology Foundation/American Heart 
Association Task Force on Practice Guidelines and the Society 
for Cardiovascular Angiography and Interventions. Circulation 
124:e574–e651

	33.	 Kang SJ, Lee JY, Ahn JM, Mintz GS, Kim WJ, Park DW, Yun SC, 
Lee SW, Kim YH, Lee CW, Park SW, Park SJ (2011) Valication of 
intravascular ultrasound-derived parameters with fractional flow 
reserve for assessment of coronary stenosis severity. Circ Cardio-
vasc Interv 4:65–71

	34.	 Koh JS, Koo BK, Kim JH, Yang HM, Park KW, Kang HJ, Kim 
HS, Oh BH, Par YB (2012) Relationship between fractional flow 
reserve and angiographic and intravascular ultrasound parameters 
in ostial lesions. JACC Cardiovasc Interv 5:409–415


	Comparison between minimum lumen cross-sectional area and intraluminal ultrasonic intensity analysis using integrated backscatter intravascular ultrasound for prediction of functionally significant coronary artery stenosis
	Abstract
	Introduction
	Methods
	Angiographic analysis
	FFR measurement
	IVUS imaging analysis
	Statistical analysis

	Results
	Patient characteristics
	Angiographic analysis
	Measurement of FFR
	IVUS findings
	Correlations of FFR and IVUS findings

	Discussion
	Clinical implications
	Limitations

	Conclusion
	Acknowledgements 
	References




