
Circulation Journal   Vol.73, August 2009

Circ J 2009; 73: 1466 – 1472

arge-scale clinical studies have recently shown an 
inhibitory effect on cardiovascular events of lipid-
lowering therapy with HMG-CoA reductase inhibi-

tors (statins), indicating the usefulness of this therapy.1–8 
The benefit is particularly marked in patients with coronary 
heart disease (CHD), and the guidelines of the American 
National Cholesterol Education Program (NCEP) Adult 
Treatment Panel (ATP) III positively state the utility of 
lipid-lowering therapy in reducing low-density lipoprotein 
(LDL)-cholesterol (C) to below 70 mg/dl in patients with 
coronary artery disease.9 In Japan, the guidelines for pre-
vention of arteriosclerotic diseases specify a target value of 
LDL-C of less than 100 mg/dl for control of CHD patients 
in category C.10

Evaluation of coronary arterial plaques by imaging diag-
nosis has progressed markedly in recent years. In the 
REVERSAL study, intravascular ultrasonography (IVUS) 
was used to compare the effect of lipid-lowering therapy 
between CHD patients treated with standard and active 
regimens, with the latter found to inhibit expansion of coro-

nary plaques.11 Size reduction of coronary plaques on IVUS 
by statin treatment in patients with acute coronary syndrome 
(ACS) has also been reported in Japan (the ESTABLISH 
study).12 Subsequent multicenter studies such as the JAPAN-
ACS study have verified the ESTABLISH results through 
investigation of strong statin-induced volume reduction of 
coronary plaques.13–15 However, these studies have all eval-
uated quantitative changes of the plaques, and there have 
been fewer qualitative evaluations.16

Spectral analysis of IVUS radiofrequency (RF) data can 
provide detailed quantitative and qualitative information on 
coronary plaque composition in vivo.17–21 Nasu et al found 
that in vivo characterization of coronary plaques by ‘virtual 
histology (VH)’ correlated favorably with the results of  
in vitro histopathological examination of tissue samples 
obtained by directional coronary atherectomy.22 In this study, 
we used VH-IVUS to evaluate short-term quantitative and 
qualitative changes in non-culprit lesions in a comparison 
of pitavastatin, a new strong statin, with atorvastatin after 
administration in the early stage (2–3 weeks) after onset of 
ACS. The follow-up period of 2–3 weeks was chosen to 
evaluate the inhibition of short-term events within 1 month 
by early statin administration after ACS onset, and to 
examine if the statin effect starts to appear in this period.

Methods
Study Design and Patient Population
The study was performed as a prospective, randomized,  
single-center trial to assess the effect of 2- to 3-weeks of 
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treatment with 2 strong statins, pitavastatin and atorvastatin, 
based on serial IVUS analysis of quantitative or qualitative 
changes in atherosclerosis at non-percutaneous coronary 
intervention (PCI) sites. Patients with ACS with significant 
stenosis on initial coronary angiography who received PCI 
were eligible for the study, and 160 such patients were 
enrolled between February 2006 and June 2008. ACS was 
defined as unstable angina of Braunwald’s class IIIB (angina 
at rest without increased creatine kinase (CK)-MB activity 
within 24 h before coronary angiography), non-ST-elevated 
myocardial infarction (MI) or ST-elevated MI. MI was 
diagnosed by the rise (>2 times) in serum creatine phospho-
kinase and positivity for troponin I. Exclusion criteria were 
failed PCI, recommended coronary artery bypass grafting 
(CABG), cardiogenic shock, administration of lipid-lower-
ing drugs before enrollment, and renal or hepatic dys-
function. The patients were randomly divided into 2 groups 
(the pitavastatin and atorvastatin groups) immediately after 
coronary angiography and IVUS on admission, and oral 
administration of pitavastatin (2 mg/day; n=80) or atorvas-
tatin (10 mg/day; n=80) was initiated. All other medications 
were chosen by the attending physicians. IVUS was per-
formed again before discharge (after 2–3 weeks) and changes 
in serum lipid levels and IVUS data before and after treat-
ment were evaluated. The study was approved by the local 
medical ethics committee (No. 1728) and informed consent 
was obtained from each patient.

Clinical Data and Coronary Risk Factors
Patient demographics, coronary risk factors (hypertension, 
diabetes mellitus, and history of smoking) and laboratory 
data were recorded for all the patients. Laboratory tests were 
performed at baseline and in follow up as routine clinical 
practice and were analyzed at the Dokkyo University School 
of Medicine.

Target Vessel Criteria
The 5 criteria for the target vessel were as follows: de novo 
and no significant plaque (angiographic lumen diameter 
stenosis <50%); calcification not limiting quantitative assess-
ment of the cross-sectional area; angiographic reference 

diameter >3.0 mm and segment length of 5–15 mm; distance 
from the PCI site >5.0 mm; and serial high-quality IVUS 
studies of the entire segment.

IVUS Volume or RF Data Acquisition and Analysis
IVUS RF data were acquired using a 20-MHz 2.9 Fr  
phased-array IVUS catheter (Eagle Eye Gold, Volcano Corp, 
Rancho Cordova, CA, USA) and a dedicated console (IVG3, 
Volcano Corp). Automated continuous pullback (0.5 mm/s) 
was performed after intracoronary administration of isosor-
bide dinitrate (2.5 mg). The IVUS RF data were stored on a 
hard disk for off-line analysis. Manual contour detection of 
both the lumen and the media-adventitia interface was per-
formed for the target segment. Quantitative and qualitative 
analysis of target segments was performed with VH software 
(IVUS VH1.3j, Volcano Corp). VH uses IVUS RF data to 
classify a plaque into 4 components: fibrous (FI), fibrofatty 
(FF), dense calcium (DC), and necrotic core (NC). These 
components are assigned color codes of green, greenish-
yellow, white and red, respectively, and color-coded tissue 
maps are constructed. The components can be identified 
within the plaque, as previously validated by preliminary in 
vitro and in vivo studies.21,22 The IVUS volume analysis 
included the external elastic membrane volume (EEMV), 
lumen volume (LV), plaque volume (PV) and segment 
length. Each volume index (VI) was defined as the volume 
divided by the segment length.23,24 The change in each VI 
was calculated as [follow up VI – baseline VI] and the per-
centage change in VI as [(change in VI/baseline VI) ×100]. 
All 160 cases or 119 cases with a DC ratio in the plaque of 
<10% in the IVUS baseline data were used in qualitative 
and quantitative evaluations by IVUS and the results were 
compared between the 2 groups. Based on reproducible 
landmarks (eg, a calcium deposit or side branch), the same 
segment was identified in the IVUS run at baseline and in 
follow up. IVUS analysis was performed once at baseline 
and at follow up by the same independent, experienced 
investigator who was blinded to the patient groups.

Sequential investigation of the data with exclusion of 
cases with a higher DC ratio showed a significant correla-
tion between the % changes of LDL and FFVI in patients 

Table 1. Baseline Clinical Characteristics

  Total Pitavastatin Atorvastatin 
P value

  (n=160) (n=80) (n=80)

 Age (years) 62.0±10.6 62.3±10.7 61.7±10.7 0.73
 Men, n (%) 121 (75.6) 64 (80.0) 57 (71.3) 0.20
 Body mass index (kg/m2) 24.2±5.9  24.3±5.4  24.2±6.4  0.40
 Hypertension, n (%)  65 (40.6) 33 (41.3) 32 (40.0) 0.87
 Hyperlipidemia, n (%) 137 (85.6) 69 (86.2) 68 (85.0) 0.82
 Diabetes, n (%)  85 (53.1) 41 (51.3) 44 (55.0) 0.63
 Smoker, n (%)  53 (33.1) 28 (35.0) 25 (31.3) 0.61
 Familial history of coronary artery disease, n (%)  23 (14.4) 11 (13.8) 12 (15.0) 0.83
 Target coronary artery    0.38
     Left assending artery, n (%)  63 (39.4) 34 (42.5) 29 (36.3)
     Left circumflex artery, n (%)  46 (28.8) 18 (22.5) 28 (35.0)
     Right coronary artery, n (%)  37 (23.1) 20 (25.0) 17 (21.3)
     Left main coronary artery, n (%)  14 (18.8)  8 (10.0) 6 (7.5)
 Medication
     Angiotensin II receptor blockers, n (%) 121 (75.6) 63 (78.8) 58 (72.5) 0.36
     Angiotensin-converting enzyme inhibitors, n (%)  16 (10.0)  8 (10.0)  8 (10.0) 1.00
     β-blockers, n (%)  61 (38.1) 36 (45.0) 25 (31.3) 0.07
     Calcium-channel blockers, n (%)  72 (45.0) 38 (47.5) 34 (42.5) 0.53
 Time of follow up (days) 17.5±4.1  17.8±5.0  17.2±2.8  0.18

Values are mean ± SD.
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with a DC ratio of less than 10%. Data from this group are 
presented below.

Statistical Analysis
Statistical analysis was performed with Stat View 5.0  
(SAS Institute, Cary, NC, USA). Quantitative data are pre-
sented as mean ± standard deviation. Differences between 
the 2 groups were assessed with a chi-square test for cate-
gorical variables and with an unpaired Student’s t-test for 
continuous variables. Differences in continuous variables 
between baseline and follow up were assessed with a paired 
Student’s t-test. Percentage changes from baseline for all 
lipid parameters and VI values were tested using a 1-sample 
t-test. Correlations between the percentage change in each 
VI and lipid parameters were analyzed by linear regression 
analysis and a correlation coefficient was calculated. In 
addition, multiple regression analysis was performed using 
the baseline IVUS data, baseline and follow-up data for total 
cholesterol (TC), triglyceride (TG), high-density lipoprotein 
(HDL) and LDL, and statin types as predictor variables, and 
the % changes of PVI and FFVI as outcome variables. A 
value of P<0.05 was considered to be statistically significant 
in all analyses.

Results
Baseline Characteristics
Coronary risk factors and clinical characteristics did not 
differ significantly between the pitavastatin and atorvastatin 
groups (Table 1), and there were no serious cardiovascular 
events, including myocardial infarction, unstable angina or 
death, in either group.

Lipid Profile
Oral administration of each statin was continued through-
out the study period with no adverse effects. The levels of 
TC and LDL-C were significantly reduced after drug admin-
istration in both groups (P<0.001 in each). Both baseline 
and follow-up TC and LDL-C were lower in the pitavastatin 
group, but the percentage changes did not differ significantly 
between the 2 groups. TG was also lower in the pitavastatin 
group at baseline and follow up, but there was also no sig-
nificant difference in the percentage change between the 2 
groups. HDL-C did not change significantly after treatment 
in either group, and there was no significant difference 
between the 2 groups at baseline, in follow up, or in the per-
centage change of HDL-C (Table 2).

Quantitative IVUS Data
There was no significant difference in the average target 

Table 3. Quantitative IVUS Data in All Cases for Each Group

  Total (n=160) Pitavastatin (n=80) Atorvastatin (n=80) P value

 Average Length (mm) 7.7±2.1 7.6±2.3 7.8±1.8 0.414
 EEMI
     Baseline (mm3/mm) 16.0±4.2  16.0±5.0  16.0±3.5  0.916
     Follow up (mm3/mm) 15.8±4.3  15.7±5.1  16.0±3.6  0.745
     Percent change in volume (%) –1.1±6.1  –1.6±6.3  –0.5±6.0  0.346
 LVI
     Baseline (mm3/mm) 6.0±2.0 6.0±2.2 6.0±1.8 0.858
     Follow up (mm3/mm) 6.0±2.1 6.0±2.5 5.9±1.7 0.878
     Percent change in volume (%) –0.1±13.7  0.1±11.4 –0.4±15.9 0.829
 PVI
     Baseline (mm3/mm) 10.0±2.8  10.0±3.3  10.0±2.3  0.977
     Follow up (mm3/mm) 9.9±2.8  9.7±3.2* 10.0±2.5  0.527
     Percent change in volume (%) –1.2±9.1  –2.6±9.3  0.2±8.9 0.107

Values are mean ± SD. *P<0.05 vs baseline by using a paired t-test.
IVUS, intravascular ultrasound; EEMI, external elastic membrane index; LVI, lipid volume index; PVI, plaque volume index.

Table 2. Lipid Profile at Baseline and Follow up

  Total (n=160) Pitavastatin (n=80) Atrvastatin (n=80) P value

 TC
     Baseline (mg/dl) 185.1±43.1  178.0±44.0  191.1±42.1  0.11
     Follow up (mg/dl)   139.6±27.8***   133.1±26.6***   146.5±29.0*** 0.01
     Change in TC (%) –22.2±14.6  –22.5±17.3  –22.0±11.8  0.87
 Triglyceride
     Baseline (mg/dl) 103.1±57.1  86.2±55.2 120.3±59.0  0.01
     Follow up (mg/dl)    78.6±30.6***   65.8±35.5**   91.4±25.7** 0.03
     Change in TG (%) –3.6±9.3  –8.0±8.4   0.8±10.1 0.61
 HDL-C
     Baseline (mg/dl) 45.5±10.3 45.5±11.1 45.5±9.4  0.99
     Follow up (mg/dl) 42.7±10.0 42.8±12.1 42.6±7.9  0.91
     Change in HDL-C (%) –3.8±2.8  –2.6±2.5  –5.1±3.0  0.60
 LDL-C
     Baseline (mg/dl) 117.0±38.1  114.7±36.7  122.0±40.7  0.29
     Follow up (mg/dl)    80.1±24.3***    74.8±20.6***    85.3±28.0*** 0.02
     Change in LDL-C (%) –29.5±18.3  –31.0±20.1  –27.9±16.4  0.39

Values are mean ± SD. **P<0.01 or ***P<0.001 vs baseline using a paired t-test.
TC, total cholesterol; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol.
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vessel length between the 2 groups (Table 3), and EEMVI, 
LVI and PVI did not differ between the groups at baseline, 
in follow up, or in the percentage changes. There was no 
significant change in EEMVI or LVI in either group, but 
PVI was significantly reduced in the pitavastatin group  

(–2.61±9.34%, P=0.011), but not in the atorvastatin group. 
In cases where DC was <10% in plaques in the quantitative 
IVUS data (pitavastatin group, n=61; atorvastatin group, 
n=58) (Table 4), there was no significant difference in the 
average target vessel length or in EEMVI or LVI at base-

Table 5. Composition Data of IVUS in All Cases for Each Group

  Total (n=160) Pitavastatin (n=80) Atorvastatin (n=80) P value

 FIVI
     Baseline (mm3/mm) 6.2±2.2 6.1±2.6 6.2±1.8 0.872
     Follow up (mm3/mm) 6.1±2.3 5.9±2.6 6.3±2.0 0.423
     Percent change in volume (%) –0.1±20.3 –1.8±22.2  1.6±18.4 0.401
 FFVI
     Baseline (mm3/mm) 1.5±1.0 1.2±0.9 1.8±1.0 0.002
     Follow up (mm3/mm) 1.4±1.0  1.0±0.8* 1.9±1.2 <0.001  
     Percent change in volume (%)  5.5±57.0  4.0±77.4  7.0±36.8 0.815
 DCVI
     Baseline (mm3/mm) 0.7±0.6 0.8±0.6 0.6±0.5 0.052
     Follow up (mm3/mm) 0.7±0.6 0.8±0.6 0.7±0.5 0.143
     Percent change in volume (%) 22.5±68.9 15.5±76.6 29.4±61.2 0.268
 NCVI
     Baseline (mm3/mm) 1.6±1.0 1.9±1.1 1.4±0.8 0.015
     Follow up (mm3/mm) 1.6±1.0 1.9±1.1 1.3±0.8 0.001
     Percent change in volume (%)  28.7±216.9  24.3±262.3  33.1±171.5 0.357

Values are mean ± SD. *P<0.05 vs baseline by using a paired t-test.
FIVI, fibrous volume index; FFVI, fibro-fatty volume index; DCVI, dense calcium volume index; NCVI, necrotic core volume 
index. Other abbreviation see in Table 3.

Table 4. Quantitative IVUS Data in Cases of Dense Calcium Plaque Ratios of <10% for Each Group

  Total (n=119) Pitavastatin (n=61) Atorvastatin (n=58) P value

 Average Length (mm) 7.1±5.2 6.9±4.4 7.3±6.1 0.706
 EEMI
     Baseline (mm3/mm) 16.7±4.1  16.6±5.0  16.7±3.3  0.989
     Follow up (mm3/mm) 16.5±4.2  16.3±5.1  16.7±3.3  0.735
     Percent change in volume (%) –0.8±6.5  –1.8±7.0  0.2±6.0 0.150
 LVI
     Baseline (mm3/mm) 6.2±2.0 6.2±2.2 6.3±1.8 0.914
     Follow up (mm3/mm) 6.2±2.1 6.2±2.5 6.1±1.7 0.823
     Percent change in volume (%)  0.1±14.8 0.57±12.6 –0.2±16.9 0.816
 PVI
     Baseline (mm3/mm) 10.4±2.8  10.4±3.3  10.4±2.3  0.977
     Follow up (mm3/mm) 10.3±2.8  10.1±3.3* 10.5±2.4  0.494
     Percent change in volume (%) –1.9±9.6  –3.2±10.4 1.2±8.8 0.034

Values are mean ± SD. *P<0.05 vs baseline by using a paired t-test.
Abbreviations see in Table 3.

Table 6. Composition Data of IVUS in Cases of Dense Calcium Plaque Ratios of <10% for Each Group

  Total (n=119) Pitavastatin (n=61) Atrvastatin (n=58) P value

 FIVI
     Baseline (mm3/mm) 6.8±2.2 6.8±2.5 6.8±2.0 0.943
     Follow up (mm3/mm) 6.7±2.3 6.7±2.5 6.8±2.1 0.755
     Percent change in volume (%)  0.3±21.1 –0.2±22.9  0.8±19.3 0.819
 FFVI
     Baseline (mm3/mm) 1.8±1.0 1.4±1.0 2.1±1.0 0.001
     Follow up (mm3/mm) 1.7±1.0  1.2±0.8* 2.1±1.2 <0.001  
 Percent change in volume (%)  0.1±45.4 –3.6±54.9  3.7±35.9 0.469
 DCVI
     Baseline (mm3/mm) 0.5±0.3 0.5±0.3 0.4±0.3 0.281
     Follow up (mm3/mm) 0.5±0.4 0.5±0.4 0.5±0.4 0.719
     Percent change in volume (%) 26.1±75.2 17.1±88.2 35.2±62.3 0.276
 NCVI
     Baseline (mm3/mm) 1.4±1.1 1.8±1.2 1.1±0.9 0.005
     Follow up (mm3/mm) 1.4±1.0 1.7±1.1 1.1±0.8 0.001
     Percent change in volume (%)  28.7±216.9  24.3±262.3  33.1±171.5 0.949

Values are mean ± SD. *P<0.05 vs baseline by using a paired t-test.
Abbreviations see in Tables 3,5.
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line, in follow up, or in the percentage change between the 
sub-groups. There was also no significant change in EEMVI 
or LVI in either sub-group. There was no difference in PVI 
at baseline or in follow up between the sub-groups, but PVI 
was significantly reduced after administration in the pitavas-
tatin sub-group (P=0.029). The percentage change in PVI 
in the pitavastatin sub-group was significantly smaller than 

that in the atorvastatin sub-group (–3.21±10.40% vs 1.19± 
8.78%, P=0.034).

Compositional IVUS Data
In the compositional IVUS data, neither the FIVI nor the 
DCVI differed at baseline, in follow up, or in the percent-
age change between the groups, and showed no significant 
changes in either group (Table 5). The baseline and fol- 
low-up values of the FFVI were significantly lower in the 
atorvastatin group (P=0.002 and P<0.001, respectively) and 
a comparison of these values showed a significant reduc-
tion after treatment only in the pitavastatin group (P=0.035). 
The NCVI was significantly greater at baseline and in 
follow up in the atorvastatin group (P=0.015 and P=0.001, 
respectively), but the change after treatment was not signifi-
cant in either group. Similar baseline and follow-up values 
and percentage changes to those shown in Table 5 were 
found in both groups for cases with a plaque DC ratio at 
baseline of less than 10% (Table 6).

Table 7. Correlation Between Each Composition Volume Index 
 at Baseline (n=160)

 Composition Regression coefficient P value

 FIVI and FFVI  0.219  0.001
 FIVI and NCVI –0.766 <0.001
 FIVI and DCVI –0.703 <0.001
 FFVI and NCVI –0.644 <0.001
 FFVI and DCVI –0.528 <0.001
 NCVI and DCVI  0.517 <0.001

Abbreviations see in Table 5.

Figure.  Correlation between the percentage 
change in low-density lipoprotein-cholesterol 
(LDL-C) and the percentage change in fibro-
fatty volume index (FFVI). In all patients in 
the pitavastatin group, there was no correlation 
between the percentage change in LDL-C and 
the percentage change in FFVI with pitavastatin 
(n=80; A), but these parameters showed a posi-
tive correlation in cases with a dense calcium 
plaque ratio at baseline of less than 10% with 
pitavastatin (n=61, r=0.305, P=0.017; B).
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Correlations Between Each Compositional VI at Baseline
Correlations among compositional VI items at baseline in 
the 160 patients are shown in Table 7. Positive correlations 
were found between FI and FF and between FI and DC, 
whereas FI and NC, FI and DC, FF and NC, and FF and 
DC showed negative correlations.

Relationship Between Cholesterol and Serial IVUS Data
In the pitavastatin group, the percentage change in LDL 
was not significantly correlated with EEMVI, LVI or PVI 
from the quantitative IVUS data or the percentage changes 
in FIVI, NCVI or DCVI from the compositional IVUS data 
(P>0.05). The percentage change in LDL-C was not cor-
related with the percentage change in FFVI in all patients 
in the pitavastatin group (Figure A), but these parameters 
showed a positive correlation in cases with a plaque DC ratio 
at baseline of less than 10% (r=0.305, P=0.017; Figure B).

Multiple Regression Analysis
Multiple regression analysis was performed using the base-
line IVUS data, baseline and follow-up data of TC, TG, 
HDL, and LDL, and statin types as predictor variables, and 
the % changes of PVI and FFVI as outcome variables. A 
mild correlation with a correlation coefficient of 0.213 was 
found between pitavastatin and % change of PVI (P<0.001).

Discussion
Pitavastatin or atorvastatin was administered to patients 
with ACS immediately after PCI, and short-term changes 
in lipids and IVUS findings were examined. Regarding  
the changes in lipids (Table 1), TC, TG and LDL-C showed 
similar significant decreases after administration of either 
statin, suggesting that pitavastatin and atorvastatin had an 
equivalent effect on blood lipids during the short observa-
tion period. In the quantitative IVUS data, PVI ranged from 
2.6–3.2% in patients in the pitavastatin group and decreased 
significantly in patients with a DC of <10% compared to 
similar patients in the atorvastatin group. The lower PVI 
value compared to the value of 10.6% reported by Takashima 
et al.14 might have been due to the shorter observation 
period.

In the compositional IVUS data, FFVI was significantly 
reduced only in the pitavastatin group, suggesting that PVI 
reduction by pitavastatin contributed to the FFVI reduction. 
Interestingly, in 61 patients with a DC of less than 10%, 
only the percentage changes in FFVI and LDL-C were posi-
tively correlated (r=0.305, P=0.017; Figure A). In addition, 
as shown in Table 7, correlations between FI and FF and 
between NC and DC were present in the baseline plaque 
composition. In compositional IVUS, the FI and FF catego-
ries (consisting of FI components and lipids) might reflect 
relatively ‘young’ plaques, while the NC and DC categories 
might be due to ‘older’ plaques that mainly consist of 
necrotic substances and calcium, suggesting that pitavastatin 
affects young plaques, which can easily change, in the early 
stage. Recent clinical studies of pitavastatin in patients with 
ACS have reported a size reduction of coronary plaques14 
and early stabilization of carotid arterial plaques within 1 
month.25

The differences between pitavastatin and atorvastatin 
treatment in IVUS in the early stage might occur for the fol-
lowing 3 reasons. First, the main action of statins is enhance-
ment of LDL receptor expression in the liver to decrease the 
blood LDL-C level. In addition to the antiarteriosclerotic 

effect, involvement of “pleiotropic effects” has been reported, 
such as direct action on blood vessels, promotion of smooth 
muscle cell proliferation, inhibition of migration of these 
cells, and an anti-inflammatory effect.26 Pitavastatin has also 
been reported to improve vascular endothelial function more 
rapidly than atorvastatin,27 suggesting that the pleiotropic 
effects of pitavastatin are stronger than those of atorvastatin. 
Second, transfer of the drug to blood vessels at a pharma-
cologically sufficient concentration is important for stabili-
zation and size reduction of plaques. The maximum blood 
concentration (Cmax) of atorvastatin at a dose of 10 mg is 
3 nmol/L,28 whereas that of pitavastatin at a dose of 2 mg is 
82.5 nmol/L (36.3 ng/ml),29 showing that the Cmax of pitavas-
tatin is higher than that of atorvastatin. Third, the concen-
tration of atorvastatin required to promote vascular smooth 
muscle growth or inhibit migration in vitro is 1,000 nmol/L,28 
while that of pitavastatin is as low as 10 nmol/L.30 These find-
ings suggest that the direct pleiotropic effect of pitavastatin 
on vascular wall plaques is stronger than that of atorvastatin 
and that transfer of pitavastatin to blood vessels is more 
efficient. Therefore, a sufficient concentration of pitavastatin 
might be present to maintain the pleiotropic effect, leading 
to rapid manifestation of the pharmacological activity of 
pitavastatin.

Study Limitations
The small number of controls for the baseline and follow-
up lipid profile data and IVUS data for TG, LDL, FFVI, 
and NCVI might have affected the results and this requires 
further investigation using an increased number of cases. 
As described in many reports, it is possible that thrombus 
was present in the observation of regression of the PV in 
the acute phase because their discrimination is difficult on 
IVUS, and this might also have influenced the results. More-
over, the accuracy and reproducibility of identification of 
tissue properties on VH-IVUS might be uncertain31 and this 
also requires further study. The study focused on the effects 
of statins over a short period, but long-term observation is 
necessary to judge the clinical efficacy. In addition, drug 
potency was judged to be equivalent based on similar 
changes in the blood lipid levels, but a dose-setting study 
might be necessary to establish the equivalence of potency 
with certainty. Within these limitations, the results are sig-
nificant from an academic perspective because they show 
that the plaque regression course can be observed using 
VH-IVUS. Clinically, the study shows that statin treatment 
can be used to inhibit short-term events following PCI.

Conclusion
Blood lipid levels were significantly lowered from pre-
treatment levels by both statins. Qualitative evaluation by 
IVUS showed that the FF composition was significantly 
reduced and PV was also reduced by pitavastatin compared 
to the respective values found with atorvastatin, suggesting 
that fibrofat is more sensitive to pitavastatin than to atorvas-
tatin in the early stage.

References
 1. Scandinavian Simvastatin Survival Study Group. Randomised trial 

of cholesterol lowering in 4444 patients with coronary heart disease: 
The Scandinavian Simvastatin Survival Study (4S). Lancet 1994; 
344: 1383 – 1389.

 2. Sacks FM, Peffer MA, Moye LA, Rouleau JL, Rutherford JD, Cole 
TG, et al. The effect of pravastatin on coronary events after myocar-



1472 TOI T et al.

Circulation Journal   Vol.73, August 2009

dial infarction in patients with average cholesterol levels. N Engl J 
Med 1996; 335: 1001 – 1009.

 3. The Long-Term Intervention with Pravastatin in Ischaemic Disease 
(LIPID) Study Group. Prevention of cardiovascular events and death 
with pravastatin in patients with coronary heart disease and a broad 
range of initial cholesterol levels. N Engl J Med 1998; 339: 1349 –  
1357.

 4. Pitt B, Waters D, Brown WV, van Boven AJ, Schwartz L, Title LM, 
et al. Aggressive lipid-lowering therapy compared with angioplasty 
in stable coronary artery disease. N Engl J Med 1999; 341: 70 – 76.

 5. Schwartz GG, Olsson AG, Ezekowitz MD, Ganz P, Oliver MF, Waters 
D, et al; Myocardial Ischemia Reduction with Aggressive Cholesterol 
Lowering (MIRACL) Study Investigators. Effects of atorvastatin on 
early recurrent ischemic events in acute coronary syndromes. JAMA 
2001; 285: 1711 – 1718.

 6. Heart Protection Study Collaborative Group. MRC/BHF Heart Pro-
tection Study of cholesterol lowering with simvastatin in 20536 high-
risk individuals: A randomized placebo-controlled trial. Lancet 2002; 
360: 7 – 22.

 7. LaRosa JC, Grundy SM, Waters DD, Shear C, Barter P, Fruncher JC, 
et al. Intensive lipid lowering with atorvastatin in patients with stable 
coronary disease. N Engl J Med 2005; 352: 1425 – 1435.

 8. Cannon CP, Braunworld E, McCabe CH, Rader DJ, Rouleau JL, 
Belder R, et al. Intensive versus moderate lipid lowering with statins 
after acute coronary syndromes. N Engl J Med 2004; 350: 1495 –  
1504.

 9. Grundy SM, Cleeman JI, Merz NB, Brewer HB, Clark LT,  
Hunninghake DB, et al. Implications of recent clinical trials for the 
national cholesterol education program adult treatment panel III 
guidelines. Circulation 2004; 110: 227 – 239.

10. Teramoto T, Sasaki J, Ueshima H, Egusa G, Kinoshita M, Shimamoto 
K, et al. Executive Summary of Japan Atherosclerosis Society (JAS) 
Guideline for Diagnosis and Prevention of Atherosclerotic Cardio-
vascular Diseases for Japanese. J Atheroscler Thromb 2007; 14: 45 –  
50.

11. Nissen SE, Tuzcu EM, Schoenhagen P, Brown BG, Ganz P, Vogel 
RA, et al. Effect of intensive compared with moderate lipid-lowering 
therapy progression of coronary atherosclerosis. JAMA 2004; 291: 
1071 – 1080.

12. Okazaki S, Yokoyama T, Miyauchi K, Shimada K, Kurata T, Sato H, 
et al. Early statin treatment in patients with acute coronary syndrome: 
Demonstration of the beneficial effect on atherosclerotic lesions by 
serial volumetric intravascular ultrasound analysis during half a year 
after coronary event: The ESTABLISH Study. Circulation 2004; 110: 
1061 – 1068.

13. Miyauchi K, Kimura T, Morimoto T, Nakagawa Y, Yamagishi M, 
Ozaki Y, et al. Japan assessment of pitavastatin and atorvastatin in 
acute coronary syndrome (JAPAN-ACS): Rationale and design. Circ J 
2006; 70: 1624 – 1628.

14. Takashima H, Ozaki Y, Yasukawa T, Waseda K, Asai K, Wakita Y, 
et al. Impact of lipid-lowering therapy with pitavastatin, a new HMG-
CoA reductase inhibitor, on regression of coronary atherosclerotic 
plaque: A 3-dimensional intravascular ultrasound study. Circ J 2007; 
71: 1678 – 1684.

15. Yamada T, Azuma A, Sasaki S, Sawada T, Matsubara H. Random-
ized evaluation of atorvastatin in patients with coronary heart disease: 
A serial intravascular ultrasound study. Circ J 2007; 71: 1845 – 1850.

16. Schartl M, Bocksch W, Koschyk DH, Voelker W, Karsch KP, Kreuzer 
J, et al. Use of intravascular ultrasound to compare effects of different 
strategies of lipid-lowering therapy on plaque volume and composi-
tion in patients with coronary artery disease. Circulation 2001; 104: 
387 – 392.

17. Rodriguez-Granillo GA, Bruining N, McFadden E, Ligthart JM, Aoki 
J, Regar E, et al. Geometrical validation of intravascular ultrasound 
radiofrequency data analysis (Virtual Histology) acquired with a 
30 MHz Boston Scientific Corporation imaging catheter. Catheter 
Cardiovascular Interv 2005; 66: 504 – 508.

18. Murashige A, Hiro T, Fujii T, Imoto K, Murata T, Fukumoto Y, et al. 
Detection of lipid-laden atherosclerotic plaque by wavelet analysis of 
radiofrequency intravascular ultrasound signals: In vitro validation 
and preliminary in vivo application. J Am Coll Cardiol 2005; 45: 
1954 – 1960.

19. Stähr PM, Höffinghous T, Voigtländer T, Countney BK, Victor A, 
Otto M, et al. Discrimination of early/intermediate and advanced/ 
complicated coronary plaque types by radiofrequency intravascular 
ultrasound analysis. Am J Cardiol 2002; 99: 19 – 23.

20. Komiyama N, Berry GJ, Kolz ML, Oshima A, Metz JA, Preuss P, et 
al. Tissue characterization of atherosclerotic plaques by intravascular 
ultrasound radiofrequency signal analysis: An in vitro study of human 
coronary arteries. Am Heart J 2000; 140: 565 – 574.

21. Nair A, Kuban BD, Tuzcu EM, Schoenhagen P, Nissen SE, Vince DG. 
Coronary plaque classification with intravascular ultrasound radio-
frequency data analysis. Circulation 2002; 106: 2200 – 2206.

22. Nasu K, Tsuchikane E, Katoh O, Vince DG, Virmani R, Surmely JF, 
et al. Accuracy of in vivo coronary plaque morphology assessment: A 
validation study of in vivo virtual histology compared with in vitro 
histopathology. J Am Coll Cardiol 2006; 47: 2405 – 2412.

23. Ozaki Y, Violaris AG, Kobayashi T, Keane D, Camenzind E, Mario 
CD, et al. Comparison of coronary luminal quantification obtained 
from intracoronary ultrasound and both geometric and videodensi-
tometoric quantitative angiography before and after balloon angio-
plasty and directional atherectomy. Circulation 1997; 96: 491 – 499.

24. Waseda K, Ozaki Y, Takashima H, Ako J, Yasukawa T, Ismail TF, et 
al. Impact of angiotensin II receptor blockers on the progression and 
regression of coronary atherosclerosis: An intravascular ultrasound 
study. Circ J 2006; 70: 1111 – 1115.

25. Nakamura T, Obata J, Kitta Y, Takano H, Kobayashi T, Fujioka D, 
et al. Rapid stabilization of vulnerable carotid plaque within 1 month 
of pitavastatin treatment in patients with acute coronary syndrome.  
J Cardiovasc Pharmacol 2008; 51: 365 – 371.

26. Kawakami A, Tani M, Chiba T, Yui K, Shinozaki S, Nakajima K, et 
al. Pitavastatin inhibits remnant lipoprotein-induced macrophage 
foam cell formation through ApoB48 receptor-dependent mechanism. 
Arterioscler Thromb Vasc Biol 2005; 25: 424 – 429.

27. Morishita R, Tomita N, Ogihara T. HMG-CoA reductase inhibitors 
in the treatment of cardiovascular diseases: Stabilization of coronary 
artery plaque. Curr Drug Targets 2002; 3: 379 – 385.

28. Fujino H, Kojima J, Yamada Y, Kanda H, Kimata H. Studies on the 
metabolic fate of NK-104, a new inhibitor of HMG-CoA reductase 
(4): Interspecies variation in laboratory animals and humans. Xeno 
Metab Disp 1999; 14: 79 – 91.

29. Kohno M, Shinomiya K, Abe S, Noma T, Kondo I, Oshita A, et al. 
Inhibition of migration and proliferation of rat vascular smooth muscle 
cells by a new HMG-CoA reductase inhibitor, pitavastatin. Hypertens 
Res 2002; 25: 279 – 285.

30. Sakabe K, Fukuda N, Fukuda Y, Wakayama K, Nada T, Morishita S, 
et al. Comparisons of short- and intermediate-term effects of pitavas-
tatin versus atorvastatin on lipid profiles, fibrinolytic parameter, and 
endothelial function. Int J Cardiol 2008; 125: 136 – 138.

31. Granada F, Wallace-Bradley D, Win H, Alviar C, Builes A, Lev E,  
et al. In vivo plaque characterization using intravascular ultrasound-
virtual histology in a porcine model of complex coronary lesions. 
Arterioscler Thromb Vasc Biol 2007; 27: 387 – 393.


