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Abstract Previous studies have suggested that the dete-

rioration of renal function increases the risk of major ad-

verse clinical events not only in culprit lesions but also in

non-culprit lesions (NCLs) after percutaneous coronary

intervention (PCI). This study evaluated serial coronary

plaque change of NCL in patients with different stages of

chronic kidney disease (CKD) using intravascular ultra-

sound (IVUS) and integrated backscatter IVUS (IB-IVUS).

In 113 patients (113 NCLs) underwent both IVUS-guided

PCI and follow-up IVUS, volumetric IVUS analyses were

performed at proximal reference NCLs in de novo target

vessels post PCI and at 8-month follow-up. NCLs were

divided into 4 groups based on baseline CKD stage: CKD-

1, n = 18; CKD-2, n = 42; CKD-3, n = 29; and CKD4–5,

n = 24. We compared serial changes of plaque burden and

composition among groups under statin treatment. Plaque

progression occurred in CKD-3 (?4.6 mm3, p\ 0.001)

and CKD4–5 (?9.8 mm3, p\ 0.001) despite anti-

atherosclerotic treatment, whereas plaque regression oc-

curred in CKD-1 (-5.4 mm3, p = 0.002) and CKD-2

(-3.2 mm3, p = 0.001) mainly due to initiate statin

treatment after PCI. Plaque volume change was correlated

with eGFR (p\ 0.0001). Multivariate analysis showed

CKD stage 3–5 was an independent predictor of plaque

progression. Regarding IB-IVUS analyses, lipid plaque

increased in CKD-3 (?4.6 mm3, p\ 0.001) and CKD4–5

(?5.4 mm3, p\ 0.001), but decreased in CKD-2

(-2.7 mm3, p\ 0.05). Fibrotic plaque also increased in

CKD4–5 (?3.4 mm3, p\ 0.001). Moderate to advanced

CKD was associated with coronary plaque progression

characterized by greater lipid and fibrotic plaque volumes

in NCL under statin treatment after culprit PCI.

Keywords Chronic kidney disease � Coronary

atherosclerosis � Intravascular ultrasound � Plaque

characteristics

Introduction

It is well known that deteriorating renal function is asso-

ciated with increasing cardiovascular events in patients

with chronic kidney disease (CKD) [1–3]. Several studies

suggested that the deteriorating renal function increases the

risk of major adverse clinical events not only in culprit

lesions but also in non-culprit lesions (NCLs) after percu-

taneous coronary intervention (PCI) [4–6]. Conventional

intravascular ultrasound (IVUS) can identify the amount of

coronary plaque, and integrated backscatter (IB) IVUS can

assess the plaque compositions such as lipid, fibrous tissue,

dense-fibrous tissue, and calcification with a high sensi-

tivity and specificity compared to histology [7–9]. Previous

virtual histology (VH) IVUS studies showed that fibrous

volume decreased and dense-calcium volume increased as

renal function decreased in either culprit lesions or NCLs,

although plaque volume was comparable among patients

with varying levels of renal function [10]. An IB-IVUS

study in NCLs showed that plaque volume was greater in
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CKD patients than in non-CKD patients, and that there was

a negative correlation between lipid volume and the esti-

mated glomerular filtration rate (eGFR) and a positive

correlation between fibrous volume and eGFR [11]. To

prevent procedural complications and secondary cardio-

vascular events, patients are offered statin treatment after

PCI. Although statin is effective in reducing cardiovascular

events in patients with mild to moderate CKD [12], such an

effect remains to be clarified in patient with advanced

CKD.

This study assessed the relationship between CKD stage

and coronary plaque change in NCLs using conventional

IVUS in patients with CKD, including advanced CKD,

under statin treatment after culprit PCI. In addition, we

assessed the relationship between CKD stage and plaque

characteristics in NCLs using IB-IVUS as a subgroup

analysis.

Methods

Study design and patients

This study was a retrospectively planned observational

study for non-culprit coronary lesions in patients with CKD

who underwent IVUS-guided PCI.

Figure 1 shows a breakdown of patients included in this

study. Between April 2010 and March 2014, we had 543

consecutive PCI cases. IVUS-guided PCI was performed

for 476 lesions (466 patients) in this period. After 8 months

of standard medical treatment including statin, follow-up

coronary angiography and IVUS examination were per-

formed for 410 lesions (401 patients), irrespective of the

presence or absence of symptoms. After excluding patients

who had undergone follow-up examination using other

modalities (25 patients with 25 lesions), serial IVUS im-

ages for 385 lesions (376 patients) obtained at both base-

line and follow-up using identical IVUS catheters

(ViewITTM, Terumo, Tokyo, Japan, or AtlantisTM SR Pro

2, Boston Scientific, Natick, MA, USA) were available for

analysis. A target NCL in this study was defined as 5-mm

segment which was 3 mm distal from ostium of each

coronary artery (LAD, LCX, RCA), with percent diameter

stenosis \50 % on quantitative coronary angiography

(QCA). And also, a target NCL must be at least 10-mm

proximal to the stented segment to remove stent edge ef-

fects (Fig. 2). Therefore, additional 187 lesions (182 pa-

tients) were excluded because we could not identify NCLs.

After excluding 36 patients (38 lesions) with acute my-

ocardial infarction, 12 patients (12 lesions) with left main

trunk lesions, and 33 patients (35 lesions) with poor IVUS

image quality, we enrolled 113 patients (113 NCLs) in this

study. The patients were classified into 4 groups based on

CKD stage: CKD-1: eGFR ]90 ml/min/1.73 m2; CKD-2:

eGFR\90 and ]60 ml/min/1.73 m2; CKD-3: eGFR\60

and ]30 ml/min/1.73 m2; and CKD4–5: eGFR \30 ml/

min/1.73 m2 with/without hemodialysis. The eGFR was

calculated using the Diet in Renal Disease equation mod-

ified with the Japanese coefficient: eGFR (ml/min/

1.73 m2) = 194 9 serum creatinine (mg/dl)-1.094 9 age

(years)-0.287 (9 0.739 for female patients).

Standard medical treatment including statin was per-

formed during the 8-month follow-up. Medication was left

to the discretion of the treating physician. Dyslipidemia

was controlled to the levels of low-density lipoprotein

(LDL) cholesterol \100 mg/dl and high-density lipopro-

tein (HDL) cholesterol [40 mg/dl. All patients were pre-

scribed statins (rosuvastatin, atorvastatin, pitavastatin or

pravastatin) to manage the lipid profile to the target control

level, unless contraindicated. Diabetes mellitus was con-

trolled to HbA1c level \7.0 %. Hypertension was con-

trolled to the systolic blood pressure (SBP) \130 mmHg

and diastolic blood pressure (DBP) \80 mmHg. A study

protocol was approved by the appropriate institutional re-

view committee, and informed consent was obtained from

all patients.

IVUS imaging

After the administration of 1–2 mg of intracoronary

isosorbide dinitrate, IVUS images were obtained from the

distal site of the culprit lesion using a 40-MHz IVUS

catheter (ViewITTM or Atlantis SR Pro 2TM) attached to an

IVUS imaging system (VISIWAVETM or iLabTM) with a

motorized pullback at 0.5 mm/s. IB-IVUS images were

obtained using software supplied with 1 of 2 IVUS ma-

chines (VISIATRASTM, Terumo, Japan).

Eight months later, a follow-up IVUS examination was

repeated in the same coronary segment imaged at the

baseline examination, regardless of clinical symptoms.

Corresponding images were identified by the distance from

the fiduciary side branches.

Measurements of conventional and IB-IVUS

parameters

Each conventional IVUS and IB-IVUS parameter were

measured at baseline and after 8 months. One experienced

investigator who was unaware of the patient group allo-

cation performed the quantitative IVUS analysis.

IVUS analyses were performed according to the criteria

described in the American College of Cardiology Clinical

Expert Consensus document on IVUS [13]. Cross-sectional

lumen area, cross-sectional vessel area within the external

elastic membrane, and plaque area (external elastic mem-

brane area minus lumen area) were determined using
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CKD-1
18 lesions

(18 patients)

Patients with serial IVUS images 
post PCI and 8-months follow-up

385 lesions (376 patients)

38 (36) AMI 
12 (12)   LMT lesion
35 (33)  Poor image quality

IVUS-guided PCI cases
476 lesions (466 patients)  

66 lesions (65 patients)  could 
not perform Follow-up 
examination.

187 lesions (182 patients)  could 
not identify non-culprit lesions.

Enrolled 113 lesions (113 patients)

Serial IVUS images in non-culprit lesions
198 lesions (194 patients)

CKD-2
42 lesions

(42 patients)

CKD-3
29 lesions

(29 patients)

CKD 4-5
24 lesions

(24 patients)

IVUS-guided PCI cases with 8-month follow-up
410 lesions (401 patients)

25 lesions (25 patients)  
performed follow-up examination 
using other modality.

Fig. 1 Outline of the

breakdown of patients. LMT left

main trunk, NCL non-culprit

lesion

Vessel

Lumen

Plaque

Calcification

Dense-fibrous

Fibrous

Lipid

Volumetric AnalysisGrayscale-IVUS IB-IVUS

NCL: Non-culprit lesionLMT

LCX stent

Separate from 
ostial site by 3 mm 

Separate from 
stent edge by 10 mmeach 1-mm axis 

intervals for 5 mm

Vessel area 

Lumen area 

Plaque area 

Fig. 2 Definition of NCL and the method of IVUS measurement
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software attached to each IVUS machine (VISIATRAS or

EchoPlaqueTM, Indec System, Mountain View, CA, USA).

The definition of IB parameters for each histological

category were determined by comparing histologic images

reported in the previous study [14]. Plaque properties were

diagnosed into 4 types according combining spectral pa-

rameters of posterior scattering signal: lipid; fibrous;

dense-fibrous; or calcification. The area of each component

was automatically measured in each plaque.

The volume of each conventional IVUS and IB-IVUS

parameters for 5-mm length in the NCL was calculated

using integration. A representative case is shown in Fig. 2.

Statistical analysis

All data are expressed as the mean ± SD. Differences in

continuous variables were compared using the paired t test.

Differences among 4 groups were assessed with analysis of

variance (ANOVA) for independent samples and the Chi

square test for comparison of categorical variables, and

with an unpaired Student’ t-test for continuous variables.

Plaque volume change was examined using analysis of

covariance (ANCOVA), with the baseline value as a co-

variate and grouping variable (CKD stage) as a factor.

Characteristics at baseline with an imbalance between

groups were also included in an ANCOVA model. Corre-

lations between eGFR and plaque volume change were

analyzed using a simple linear regression analysis. To

identify predictors of plaque progression, simple and

multiple regression analyses were performed. The asso-

ciation between CKD stage and coronary plaque change

after adjusting for conventional risk factors and medica-

tions is summarized as an OR (odds ratio) estimated by

multivariate logistic regression analysis.

A p value \0.05 was considered to indicate statistical

significance. Statistical analysis was performed using JMP

version 9.0 (SAS, Cary, NC, USA) and Stata version 13.1

(StataCorp LP, College Station, TX, USA).

Results

Study populations

A total of 113 NCLs were measured in 113 patients without

significant stenosis. NCLs were categorized as follows:

CKD-1, 18 lesions; CKD-2, 42 lesions, CKD-3, 29 lesions,

CKD4–5, 24 lesions (Fig. 1).

Baseline clinical characteristics

Table 1 shows baseline clinical characteristics. Age in

CKD-3, unstable angina pectoris (UAP) and DBP in CKD-

1, and diabetic patients in CKD4–5 were higher than the

other groups. Otherwise, there were no significant differ-

ences in other parameters among the groups.

Table 1 Baseline clinical characteristics

CKD-1 (n = 18) CKD-2 (n = 42) CKD-3 (n = 29) CKD4–5 (n = 24) p value

Age 61 ± 12 70 ± 9 77 ± 9 69 ± 9 \0.0001

Male sex 16 (89) 27 (64) 20 (69) 18 (75) 0.2

BMI (kg/m2) 23.4 ± 3.6 24.3 ± 3.3 23.9 ± 3.6 22.2 ± 3.4 0.1

Unstable angina pectoris 10 (56) 10 (24) 6 (21) 1 (4) 0.001

Hypertension 13 (72) 32 (76) 22 (76) 20 (83) 0.8

Hyperlipidemia 8 (44) 26 (62) 13 (45) 16 (67) 0.2

Diabetes mellitus 7 (39) 11 (26) 13 (45) 18 (75) 0.002

Current smoking 7 (39) 11 (26) 9 (31) 10 (42) 0.6

Baseline biochemistry data

LDL cholesterol (mg/dl) 113 ± 35 105 ± 35 101 ± 29 101 ± 38 0.6

HDL cholesterol (mg/dl) 52 ± 11 54 ± 14 56 ± 15 47 ± 13 0.1

HbA1c (%) 6.3 ± 1.2 6.3 ± 1.1 6.2 ± 0.7 6.6 ± 1.2 0.6

hs CRP (mg/dl) 0.5 ± 0.9 0.7 ± 1.9 0.4 ± 0.9 0.6 ± 1.6 0.8

SBP (mmHg) 137 ± 22 130 ± 19 133 ± 19 140 ± 22 0.2

DBP (mmHg) 84 ± 15 72 ± 14 74 ± 13 75 ± 14 0.03

Follow-up period (months) 7.2 ± 1.9 8.0 ± 1.7 7.8 ± 1.3 8.1 ± 1.9 0.3

Lesion location (%)

LAD/LCX/RCA 55/17/28 60/5/36 52/31/17 46/13/42 0.07

Data are expressed as mean ± SD or number (%), or percent

LAD left anterior descending artery, LCX left circumflex artery, RCA right coronary artery
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Risk factor control

The anti-atherosclerotic medications use and the degree of

risk factor control at follow-up are summarized in Table 2.

Statin treatment was prescribed for more than 80 % of each

group. The patients with statin treatment initiated before

PCI (continue statin group: CS) included 22 % in CKD-1,

33 % in CKD-2, 34 % in CKD-3, and 46 % in CKD4–5.

The patients with statin treatment initiated after PCI (ini-

tiate statin group: IS) included 61 % in CKD-1, 62 % in

CKD-2, 55 % in CKD-3, and 42 % in CKD4–5. The fre-

quencies of CS and IS were comparable among 4 groups.

Beta-blockers were more likely to be used in CKD-3 and

CKD4–5. CKD4–5 had significantly higher HbA1c levels

at follow-up, and CKD-3 and CKD4–5 had significantly

higher SBP than CKD-1 and CKD-2. The achievement

ratio of the HbA1c target level in the CKD4–5, and the

target SBP in CKD-3 and CKD4–5 were significantly

lower than those in the other groups.

Conventional IVUS analysis

Table 3 shows the volume data using conventional gray-

scale IVUS. The EEM volume was significantly greater in

CKD4–5 than the other groups at both baseline and follow-

up. The lumen volume showed no significant differences

among groups at baseline; however, at follow-up, it was

significantly greater in CKD-1. The plaque volume was

significantly greater in CKD4–5 than the other stages at

both baseline and follow-up. The EEM volume sig-

nificantly increased in CKD4–5, whereas it did not in the

other groups. The lumen volume significantly decreased in

CKD-3 and CKD4–5, but increased in CKD-1. The plaque

volume significantly increased in CKD-3 and CKD4–5,

whereas it significantly decreased in CKD-1 and CKD-2.

Furthermore, in the ANCOVA models including age,

gender, BMI, unstable angina pectoris, hypertension, hy-

perlipidemia, diabetes, follow-up LDL-cholesterol and

HDL-cholesterol levels, ACE-I/ARB use, beta-blocker use,

Table 2 Risk factor

management at follow-up

Data are expressed as

mean ± SD or number (%)

Continue statin group: CS,

patients with statin treatment

have already initiated before

PCI

Initiate statin group: IS, patients

with statin treatment initiated

after PCI

DAPT dual antiplatelet therapy,

ACE-I angiotensin converting

enzyme inhibitor, ARB

angiotensin II receptor blocker

CKD-1 CKD-2 CKD-3 CKD4–5 p value

Medications after PCI

Statin 15 (84) 40 (95) 26 (90) 21 (85) 0.24

(Continue statin group: CS) 4 (22) 14 (33) 10 (34) 11 (46) 0.45

(Initiate statin group: IS) 11 (61) 26 (62) 16 (55) 10 (42) 0.79

b-blocker 8 (44) 12 (29) 18 (62) 12 (50) 0.04

DAPT 60 (100) 33 (100) 20 (100) 20 (100) –

ACE-I/ARB 13 (72) 25 (60) 20 (69) 17 (71) 0.7

Clinical data at follow-up

LDL cholesterol (mg/dl) 96 ± 19 87 ± 26 81 ± 18 87 ± 34 0.3

HDL cholesterol (mg/dl) 54 ± 11 55 ± 14 55 ± 15 47 ± 13 0.1

HbA1c (%) 6.3 ± 1.2 6.2 ± 1.0 6.2 ± 0.7 6.9 ± 1.3 0.03

CRP (mg/dl) 0.2 ± 0.2 0.2 ± 0.9 0.1 ± 0.1 0.3 ± 0.4 0.6

SBP (mmHg) 120 ± 15 119 ± 13 130 ± 23 133 ± 20 0.008

DBP (mmHg) 72 ± 15 67 ± 10 73 ± 15 71 ± 12 0.3

Change from baseline

LDL cholesterol (mg/dl) -17 ± 37 -19 ± 33 -20 ± 28 -15 ± 46 0.9

HDL cholesterol (mg/dl) ?2 ± 7 ?1 ± 10 0 ± 9 0 ± 11 0.9

HbA1c (%) 0 ± 0.4 0 ± 0.8 0 ± 0.7 ?0.4 ± 0.8 0.06

CRP (mg/dl) -0.4 ± 0.7 -0.4 ± 1.5 -0.2 ± 0.9 -0.3 ± 1.6 0.9

SBP (mmHg) -16 ± 23 -10 ± 22 -3 ± 24 -8 ± 32 0.3

DBP (mmHg) -12 ± 15 -5 ± 14 -1 ± 13 -4 ± 16 0.1

Achievement ratio of target control level at follow-up

LDL cholesterol\100 mg/dl 10 (55) 31 (74) 24 (83) 16 (67) 0.2

HDL cholesterol[40 mg/dl 17 (94) 37 (88) 22 (76) 17 (71) 0.1

HbA1c\7.0 % 15 (83) 39 (93) 24 (83) 12 (50) 0.03

SBP\140 mmHg 16 (89) 40 (95) 22 (76) 17 (71) 0.03

DBP\80 mmHg 12 (67) 36 (86) 21 (72) 20 (83) 0.3
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and statin use, did not change the results, reflected by still

greater plaque progression in moderate to advanced CKD

patients (Fig. 3). Univariate linear regression analysis

showed the baseline eGFR correlated significantly with

plaque volume change (R = 0.65, p\ 0.0001) (Fig. 4). On

univariate and multivariate logistic regression analyses,

after considering CKD stage, confounding factors (age,

gender, and unstable angina pectoris), coronary risk factors

and medications, CKD stage 3–5 demonstrated the stron-

gest association with plaque progression (Tables 4, 5).

IB-IVUS analysis

Serial IB-IVUS images were acquired from 93 patients

with 93 NCLs: CKD-1, 15 lesions; CKD-2, 33 lesions;

CKD-3, 23 lesions; CKD4–5, 22 lesions. Baseline clinical

Table 3 Parameters evaluated

using gray-scale IVUS

Data are expressed as

mean ± SD

Vs. CKD-1: a p\ 0.05,
b p\ 0.01. Vs. CKD-2:
c p\ 0.05, d p\ 0.01. Vs.

CKD-3: e p\ 0.05, f p\ 0.01

Volume (mm3) CKD-1 CKD-2 CKD-3 CKD4–5 p value

EEM

Baseline 88.8 ± 21.3 80.0 ± 23.3 78.2 ± 21.1 93.1 ± 19.7c,e 0.039

Follow-up 86.5 ± 24.5 78.3 ± 24.2 79.6 ± 16.0 99.1 ± 22.9d,f 0.002

Lumen

Baseline 54.2 ± 15.3 44.0 ± 19.7 42.5 ± 17.5 47.4 ± 13.2 0.121

Follow-up 57.3 ± 18.0 45.6 ± 20.1a 38.4 ± 12.1b 43.6 ± 15.8a 0.004

Plaque

Baseline 34.7 ± 14.2 35.9 ± 12.1 35.6 ± 9.1 45.8 ± 16.3b,d,e 0.009

Follow-up 29.2 ± 11.9 32.7 ± 11.1 40.2 ± 7.9b,c 55.6 ± 19.3b,d,f \0.001

EEM

Plaque

Lumen

Vo
lu

m
e 

ch
an

ge
(m

m
3 )

p=0.012 p=0.002

p<0.001
p=0.029
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Fig. 3 Comparison of volume change data using gray-scale IVUS

data at baseline and follow-up. *Plaque volume adjusted on

ANCOVA for differences in clinical characteristics including baseline

plaque volume, age, gender, BMI, UAP, current smoking, HT, DL,

DM, follow-up LDL cholesterol and follow-up HDL cholesterol

levels, and the use of ACE-I/ARB, beta-blocker, and statin

940 Int J Cardiovasc Imaging (2015) 31:935–945

123



characteristics and risk factor control were similar to gray-

scale IVUS analysis.

In IB-IVUS analyses, although percent calcification was

larger in CKD4–5 than the other groups at baseline, there

were no significant differences in percent of each compo-

nent (relative values) among groups at follow-up. How-

ever, the volumes of calcification, dense-fibrosis, and lipid

were significantly greater in CKD4–5 than the other groups

at both baseline and follow-up. Although fibrous volume

showed no significant difference among groups at baseline,

it was greater in CKD4–5 than the other groups at follow-

up (Table 6).

The calcification and dense-fibrosis showed no sig-

nificant changes in all groups during 8 months of follow-

up. Fibrous plaque decreased in CKD-1, but increased in

CKD4–5. Lipid volume significantly increased in CKD-3

and CKD4–5 during follow-up, although it decreased in

CKD-2 and CKD-3 (Fig. 5). Representative cases are

shown in Fig. 6.

Discussion

We found important findings in changes of coronary

atherosclerotic plaque formation and morphology of the

NCLs in each stage of CKD under standard medical

treatment after PCI.

Plaque volume was significantly greater in CKD4–5

than the other stages at both baseline and follow-up. Plaque

volume significantly increased in CKD-3 and CKD4–5

despite anti-atherosclerotic treatment, but significantly de-

creased in CKD-1 and CKD-2 mainly due to initiate statin

treatment after PCI. The multivariate regression analysis

showed that CKD stage is an independent predictor of

plaque progression. Regarding plaque composition, lipid

plaque gain occurred in CKD-3 and CKD4–5, whereas

lipid plaque regression occurred in CKD-1 and CKD-2.

Fibrous plaque gain occurred in CKD4–5 only.

Plaque progression in CKD patients

CKD is well known to be associated with high mortality

resulting from coronary artery disease (CAD) compared to

mortality from progression to end-stage renal dysfunction.

Many previous studies showed that CKD patients have

severe atherosclerosis, and that they are at high risk for

CAD [15–17]. A previous study that included VH-IVUS

analysis demonstrated that plaque volumes in NCLs were

comparable among patients with varying levels of renal

function [10, 18]. On the other hand, it was also reported

that plaque volumes in patients with moderate CKD were

greater than those in patients with normal renal function

[11]. However, those studies analyzed only 1 timeframe. In

one serial IVUS analysis, Nozue et al. [19] found that

patients with normal-to-mild renal dysfunction under

-40
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Fig. 4 Correlations between the eGFR at baseline and plaque volume

change

Table 4 Univariate logistic regression analysis estimates for plaque

progression

Variable Odds ratio 95 % CI p value

CKD stage 1 Reference

CKD stage 2 0.95 0.25–3.62 0.945

CKD stage 3–5 15.1 4.07–55.6 \0.0001

Age 1.02 0.98–1.06 0.300

Gender 1.38 0.61–3.15 0.438

BMI 0.97 0.87–1.07 0.513

UAP 0.26 0.10–0.69 0.007

Current smoking 1.11 0.51–2.44 0.790

Follow-up SBP[140 mmHg 1.02 1.00–1.04 0.122

Follow-up LDL[100 mg/dl 1.00 0.98–1.01 0.737

Follow-up HbA1c[7.0 % 1.56 1.04–2.34 0.032

ACE-I/ARB use 0.71 0.32–1.55 0.389

B-blocker use 2.13 1.00–4.55 0.049

Statin use 0.53 0.15–1.92 0.332

Table 5 Multivariate logistic regression analysis included only

variables that showed significant association in univariate analyses

Variable Odds ratio 95 % CI p value

CKD stage 1 Reference

CKD stage 2 0.93 0.21–4.14 0.928

CKD stage 3–5 13.56 2.85–64.44 0.001

Age 0.98 0.94–1.04 0.631

Gender 1.67 0.55–5.11 0.367

UAP 0.39 0.11–1.32 0.129

Follow-up HbA1c[7.0 % 1.36 0.87–2.12 0.178

B-blocker use 1.38 0.51–3.70 0.524
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strong statin treatment showed significant decreases in

EEM volume and plaque regression. Little is known about

the impact of advanced CKD on serial change in plaque

volume. In the present study, plaque progression occurred

in patients with moderate to advanced CKD (CKD stage

3–5), whereas plaque regression occurred in CKD-1 or

CKD-2. In this study, IS included 40–50 % of all patient,

and they showed approximately 20 % reduction in LDL-

cholesterol level. In CKD1–2, plaque regressions in IS

were significantly greater than those in CS (6.5 ± 1.7 mm3

in IS vs. 2.2 ± 0.8 mm3 in CS, p = 0.01). Therefore, it is

suggested that plaque regression in CKD-1 and CKD-2 was

mainly due to initiate statin treatment after PCI. Previous

study reported that plaque regression after newly initiated

statin therapy in patients with normal to mild renal dys-

function was 1.3 (±9.1) % [19]. In the present study,

plaque regressions of IS in CKD1–2 were greater compared

with the previous study. It is suggested that the difference

may be due to the patient characteristics. Our study in-

cluded patients with mildly impaired renal function as well

as those with advanced CKD, our results may suggest that

plaque regression during standard medical treatment

gradually decelerated with decreasing renal function. A

previous randomized study failed to demonstrate clinical

benefit of the rosuvastatin in patients with hemodialysis

[20]. Results of the present study may support the results.

An ANCOVA model and multivariate logistic model

considering confounding factors, coronary risk factors, and

medications, demonstrated that CKD stage have the strong

association with plaque volume change. As for the multi-

variate logistic regression analysis, we integrated CKD-3

with CKD4–5 to perform plausible multivariate analysis. In

this analysis, moderate to advanced CKD was definitely a

strong independent predictor of plaque progression. Strict

risk management for plaque regression is necessary, espe-

cially in patients with moderate to advanced CKD after

PCI. In addition, we did not observe any clinical events

associated with NCLs during this study period. Longer

follow-up is needed to confirm the relationship between

cardiovascular events and CKD stages.

Table 6 Parameters evaluated

using IB-IVUS

Data are expressed as

mean ± SD

Vs. CKD-1: a p\ 0.05,
b p\ 0.01. Vs. CKD-2:
c p\ 0.05, d p\ 0.01. Vs.

CKD-3: e p\ 0.05, f p\ 0.01

Volume CKD-1 (n = 15) CKD-2 (n = 33) CKD-3 (n = 23) CKD4–5 (n = 22) p value

Calcification

Baseline

% 1.0 ± 1.5 1.2 ± 1.3 1.5 ± 1.6 2.5 ± 2.4b,d 0.02

mm3 0.3 ± 0.4 0.4 ± 0.6 0.6 ± 0.9 1.3 ± 1.5b,d,f 0.002

Follow-up

% 1.1 ± 2.0 1.8 ± 2.4 1.5 ± 1.7 2.4 ± 2.2 0.33

mm3 0.3 ± 0.5 0.6 ± 0.7 0.6 ± 0.6 1.6 ± 1.8b,d,f \0.001

Dense-fibrous

Baseline

% 3.5 ± 1.9 3.8 ± 2.4 5.1 ± 3.1 5.0 ± 2.3 0.10

mm3 1.3 ± 0.8 1.3 ± 0.8 1.8 ± 1.2 2.4 ± 1.8b,d 0.005

Follow-up

% 3.8 ± 3.0 4.7 ± 3.3 4.3 ± 2.5 5.1 ± 2.4 0.55

mm3 1.1 ± 0.9 1.5 ± 1.3 1.7 ± 1.1 3.1 ± 2.1b,d,f \0.001

Fibrous

Baseline

% 45.0 ± 8.7 38.7 ± 11.2 43.5 ± 10.1 39.2 ± 8.3 0.12

mm3 16.1 ± 7.2 13.4 ± 5.1 15.7 ± 5.2 17.3 ± 4.7c 0.066

Follow-up

% 43.6 ± 9.8 40.6 ± 11.5 37.6 ± 11.2 38.3 ± 9.9 0.34

mm3 12.8 ± 4.8 12.8 ± 5.9 14.9 ± 5.9 20.7 ± 6.3b,d,f \0.001

Lipid

Baseline

% 50.5 ± 10.6 54.2 ± 12.9 49.9 ± 12.4 53.4 ± 8.4 0.53

mm3 18.3 ± 8.3 20.2 ± 9.7 18.0 ± 6.5 25.7 ± 10.5a,c,f 0.024

Follow-up

% 51.5 ± 12.6 53.0 ± 14.5 56.6 ± 13.0 54.2 ± 10.4 0.65

mm3 15.8 ± 9.6 17.5 ± 8.7 22.6 ± 7.1a 31.1 ± 12.6b,d,f \0.001
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Impact of CKD on coronary plaque characteristics

A previous postmortem study showed that a lower eGFR is

associated with a high percentage of advanced coronary

atherosclerosis, defined as American Heart Association

type IV (atheroma), type V (fibro-atheroma), and type VI

(complicated plaque) [21]. Moreover, Miyagi et al. [8]

found renal dysfunction to be significantly associated with

an increased percentage of lipid volume and a decreased

percentage of fibrous volume in the non-target coronary

lesions of 89 patients using IB-IVUS. In addition, Hayano

et al. [11] demonstrated greater lipid and smaller fibrous

volumes in NCLs in a series of 201 patients using IB-

IVUS. In the present study, we identified several differ-

ences in atherosclerotic plaque composition among patients

with various stages of CKD. Lipid plaque regression oc-

curred in CKD-1 and CKD-2, whereas lipid plaque gain

occurred in CKD-3 and CKD4–5. Fibrous plaque also in-

creased in CKD4–5. We speculate that the reason for these

findings is the inclusion of patients who were on he-

modialysis. A previous autopsy study showed that coronary

plaques in hemodialysis patients are characterized by in-

creased media thickness [17]. This finding might reflect

fibrous plaque gain in hemodialysis patients during the

follow-up period. The relationship between coronary pla-

que characteristics and mineral disorder in patients with

end-stage CKD should be analyzed. Large lipid cores are

considered histologic markers for plaque vulnerability,

which is directly related to the risk of plaque rupture [22,

23]. Therefore, large lipid cores are considered one of the

reasons for the increased risk of cardiovascular events in

patients with CKD.

Study limitations

First, the present study included a relatively small number of

patients at a single center, raising the possibility of selection

bias. In addition, we exclude patients with acute myocardial

infarction because it is difficult to differentiate between lipid

rich tissue and thrombus by IB-IVUS. Second, we defined a

NCL as a 5-mm lesion proximal to the PCI target vessel,
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which comprises only a small part of the entire coronary

artery. It is possible that the artery studied did not reflect the

extent of atherosclerosis present throughout the coronary

arterial tree. Although we should assess NCLs from non-

target vessels, it has been reported that MACE rates are

similar in individual with and without CKD in their NCLs

[24]. Third, IVUS examinations were performed only in

patients with established angiographic CAD; therefore, the

present analysis did not include patients with renal dys-

function who might not have coronary atheroma. Fourth,

although lipid-rich plaques are considered vulnerable, pla-

que instability depends not only on an increased lipid vol-

ume, but also on the thinness of the cap, which can best be

assessed using optical coherence tomography rather than

IVUS. Therefore, a combination of several modalities, such

as IVUS, optical coherence tomography and angioscopy

should be tested for identifying vulnerable plaques in the

future. Fifth, medications were not fixed during the study

period. Changes in medications may have affected the results

of this study. Sixth, we prescribed statin treatment to all

patients, unless contraindicated. However, it is unclear

whether intensive statin treatment was administered in this

study, as medical therapy was left to the discretion of the

treating physician [25]. We need a larger population study to

verify the results of present study.

Conclusion

Moderate to advanced CKD were associated with coronary

plaque progression characterized by greater lipid and fibrotic

plaque in NCL under statin treatment after culprit PCI.

Conflict of interest The authors have no conflict of interest directly

relevant to the content of this article.

Open Access This article is distributed under the terms of the

Creative Commons Attribution License which permits any use, dis-

tribution, and reproduction in any medium, provided the original

author(s) and the source are credited.

References

1. Culleton BF, Larson MG, Wilson PW, Evans JC, Parfrey PS,

Levy D et al (1999) Cardiovascular disease and mortality in a

community-based cohort with mild renal insufficiency. Kidney

Int 56:2214–2219

2. Go AS, Chertow GM, Fan D, McCulloch CE, Hsu CY (2004)

Chronic kidney disease and the risks of death, cardiovascular

events, and hospitalization. N Engl J Med 351:1296–1305

3. Sarnak MJ, Levey AS, Schoolwerth AC, Coresh J, Culleton B,

Hamm LL et al (2003) Kidney disease as a risk factor for de-

velopment of cardiovascular disease: a statement from the

american heart association councils on kidney in cardiovascular

disease, high blood pressure research, clinical cardiology, and

epidemiology and prevention. Circulation 108:2154–2169

ba
se

lin
e

Fo
llo

w
-u

p

CKD4-5CKD-3CKD-2CKD-1

Calcification

Dense-fibrous

Fibrous

Lipid

Fig. 6 Representative IB-IVUS image of various CKD stages at

baseline and follow-up. Red calcification, yellow dense-fibrous, green

fibrous, blue lipid. Plaque decreased in CKD-1 and CKD-2, whereas it

increased in CKD-3 and CKD4–5. Fibrous tissue increased in

CKD4–5, but decreased in CKD-1. Lipid increased in CKD-3 and

CKD 4–5, whereas decreased in CKD-1 and CKD-2

944 Int J Cardiovasc Imaging (2015) 31:935–945

123



4. Aziz K, Berger K, Claycombe K, Huang R, Patel R, Abela GS

(2008) Noninvasive detection and localization of vulnerable pla-

que and arterial thrombosis with computed tomography angiog-

raphy/positron emission tomography. Circulation 117:2061–2070

5. Falk E, Shah PK, Fuster V (1995) Coronary plaque disruption.

Circulation 92:657–671

6. Stone GW, Maehara A, Lansky AJ, de Bruyne B, Cristea E,

Mintz GS et al (2011) A prospective natural-history study of

coronary atherosclerosis. N Engl J Med 364:226–235

7. Kawasaki M, Takatsu H, Noda T, Sano K, Ito Y, Hayakawa K

et al (2002) In vivo quantitative tissue characterization of human

coronary arterial plaques by use of integrated backscatter in-

travascular ultrasound and comparison with angioscopic findings.

Circulation 105:2487–2492

8. Miyagi M, Ishii H, Murakami R, Isobe S, Hayashi M, Amano T

et al (2010) Impact of renal function on coronary plaque com-

position. Nephrol Dial Transplant 25:175–181

9. Sano K, Kawasaki M, Ishihara Y, Okubo M, Tsuchiya K,

Nishigaki K et al (2006) Assessment of vulnerable plaques

causing acute coronary syndrome using integrated backscatter

intravascular ultrasound. J Am Coll Cardiol 47:734–741

10. Kono K, Fujii H, Nakai K, Goto S, Shite J, Hirata K et al (2012)

Composition and plaque patterns of coronary culprit lesions and

clinical characteristics of patients with chronic kidney disease.

Kidney Int 82:344–351

11. Hayano S, Ichimiya S, Ishii H, Kanashiro M, Watanabe J,

Kurebayashi N et al (2012) Relation between estimated

glomerular filtration rate and composition of coronary arterial

atherosclerotic plaques. Am J Cardiol 109:1131–1136

12. Baigent C, Landray MJ, Reith C, Emberson J, Wheeler DC,

Tomson C et al (2011) The effects of lowering LDL cholesterol

with simvastatin plus ezetimibe in patients with chronic kidney

disease (study of heart and renal protection): a randomised

placebo-controlled trial. Lancet 377:2181–2192

13. Mintz GS, Garcia-Garcia HM, Nicholls SJ, Weissman NJ, Bru-

ining N, Crowe T et al (2011) Clinical expert consensus docu-

ment on standards for acquisition, measurement and reporting of

intravascular ultrasound regression/progression studies. EuroIn-

tervention 6(1123–1130):1129

14. Kawasaki M, Hattori A, Ishihara Y et al (2010) Tissue charac-

terization 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

15. Gross ML, Meyer HP, Ziebart H, Rieger P, Wenzel U, Amann K

et al (2007) Calcification of coronary intima and media:

immunohistochemistry, backscatter imaging, and X-ray analysis

in renal and nonrenal patients. J Am Soc Nephrol CJASN 2:

121–134

16. McCullough PA, Agrawal V, Danielewicz E, Abela GS (2008)

Accelerated atherosclerotic calcification and Monckeberg’s

sclerosis: a continuum of advanced vascular pathology in chronic

kidney disease. J Am Soc Nephrol CJASN 3:1585–1598

17. Schwarz U, Buzello M, Ritz E, Stein G, Raabe G, Wiest G et al

(2000) Morphology of coronary atherosclerotic lesions in patients

with end-stage renal failure. Nephrol Dial Transplant 15:218–223

18. Ogita M, Funayama H, Nakamura T, Sakakura K, Sugawara Y,

Kubo N et al (2009) Plaque characterization of non-culprit lesions

by virtual histology intravascular ultrasound in diabetic patients:

impact of renal function. J Cardiol 54:59–65

19. Nozue T, Yamamoto S, Tohyama S, Fukui K, Umezawa S (2012)

Impacts of estimated glomerular filtration rate on coronary

atherosclerosis and plaque composition before and during statin

therapy in patients with normal to mild renal dysfunction: sub-

analysis of the TRUTH study. Nephrology 17:628–635

20. Fellstrom BC, Jardine AG, Schmieder RE, Holdaas H, Bannister

K, Beutler J et al (2009) Rosuvastatin and cardiovascular events

in patients undergoing hemodialysis. N Engl J Med 360:1395–

1407

21. Nakano T, Ninomiya T, Sumiyoshi S, Fujii H, Doi Y, Hirakata H

et al (2010) Association of kidney function with coronary

atherosclerosis and calcification in autopsy samples from Ja-

panese elders: the Hisayama study. Am J Kidney Dis 55:21–30

22. Davies MJ, Richardson PD, Woolf N, Katz DR, Mann J (1993)

Risk of thrombosis in human atherosclerotic plaques: role of

extracellular lipid, macrophage, and smooth muscle cell content.

Br Heart J 69:377–381

23. Fernandez-Ortiz A, Badimon JJ, Falk E, Fuster V, Meyer B,

Mailhac A et al (1994) Characterization of the relative thrombo-

genicity of atherosclerotic plaque components: implications for

consequences of plaque rupture. J Am Coll Cardiol 23:1562–1569

24. Baber U, Stone GW, Weisz G, Moreno P, Dangas G, Maehara A

et al (2012) Coronary plaque composition, morphology, and

outcomes in patients with and without chronic kidney disease

presenting with acute coronary syndromes. J Am Coll Cardiol

5:53–61

25. Kataoka Y, Wolski K, Balog C, Uno K, Puri R, Tuzcu EM et al

(2014) Progression of coronary atherosclerosis in stable patients

with ultrasonic features of high-risk plaques. Eur Heart J Car-

diovasc Imaging 15:1035–1041

Int J Cardiovasc Imaging (2015) 31:935–945 945

123


	Coronary plaque progression of non-culprit lesions after culprit percutaneous coronary intervention in patients with moderate to advanced chronic kidney disease: intravascular ultrasound and integrated backscatter intravascular ultrasound study
	Abstract
	Introduction
	Methods
	Study design and patients
	IVUS imaging
	Measurements of conventional and IB-IVUS parameters
	Statistical analysis

	Results
	Study populations
	Baseline clinical characteristics
	Risk factor control
	Conventional IVUS analysis
	IB-IVUS analysis

	Discussion
	Plaque progression in CKD patients
	Impact of CKD on coronary plaque characteristics

	Study limitations
	Conclusion
	Conflict of interest
	References




