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DISCUSSION

The distinctive histological features of AFH include
a dermal lesion extending into superficial subcuta-
neous adipose tissue, composed of a population of
pleomorphic spindled (fibroblast-like) and polyhedral
(histiocyte-like) cells admixed with multinucleated
giant cells, and macrophages as well as hemosiderin
deposits. Kaddu et al. (2) reported the presence of
1-15 pathologic mitoses per 10 high power field (HPF)
(mean 3.4 per 10 HPF) (20/59 cases, 33.9%) and/
or geographic-like necrosis (7/59 cases, 11.9%) (2).
Many reports have indicated positivity for factor XIIla
(4-6), but negativity has also been reported in some
cases (2, 7, 8). Garrido-Ruiz et al. (6) and Wilk et al.
(8) reported that AFH was CD34-negative. Although
ATFH of the skin is considered to be benign, there have
been rare cases of multiple recurrence involving me-
tastasis to the lymph nodes and lungs (2, 3, 5). Kaddu
et al. (2) reported local recurrence in 3 of 21 cases for
which follow-up was possible, and among these cases,
distant metastasis occurred in 2. These 3 cases were all
incompletely excised. Therefore, complete excision of
AFH with a sufficient margin is important.

Histologically, the differential diagnosis of AFH
includes DFSP, AFX and PDS/MFH. DFSP commonly
occurs on the body trunk or proximal limbs of heal-
thy adults, showing uniform bland spindle cells with
spindle-shaped nuclei exhibit a storiform pattern and
proliferate from the dermis to the subcutaneous adipose
tissue with an unclear boundary, CD34 is diffusely po-
sitive, and immunoreactivity for a-SMA and desmin are
usually negative (3, 9). In our case, as the tumour cells
were notably polymorphic, CD34 was negative, and
typical features of DF were observed in the background.
AFX commonly occurs in sun-damaged skin of the head
and neck in elderly individuals. AFX is similar to AFH
in showing proliferation of spindle cells as well as mul-
tinucleated giant cells and bizarre cells (2). However,
solar elastosis is observed in AFX, and a grenz zone is
not evident because the tumour cells proliferate from
directly under the skin. Moreover, features of typical DF
are not observed (3). PDS/MFH commonly occurs in
the limbs of middle-aged individuals, and it is common
for the lesion to extend deeply into subcutaneous tissue,
thus commonly forming a large tumour. An important
point is that the tumour cells with profound atypia
proliferate, and immunohistochemically do not demon-
strate a specific line of differentiation. al-antitrypsin
and ol-antichymotrypsin are immunohistochemically
positive in PDS/MFH (10). In the present case, the
tumour cells were negative for both al-antitrypsin and
al-antichymotrypsin, and atypia of the proliferating
cells was not as severe as that in PDS/MFH.
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Recent studies have shown that CD163 and CD44 are
specific for DF and its variants. CD163, a haemoglobin
scavenger receptor expressed by monocytes and tissue
macrophages, is reportedly expressed in DF (89%)
and cellular fibrous histiocytoma (100%), whereas it is
negative in DFSP (83%) (11) and AFX (100%) (12). In
addition, CD44 is the cell surface receptor for hyaluro-
nate, and has also been reported to be a useful diagnostic
marker of DF (13). In our case, the tumour cells sho-
wed strong expression of both CD163 and CD44, thus
supporting the contention that AFH is a variant of DF.
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Small-cell carcinoma of the breast with
squamous differentiation
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Sir: The WHO classifies mammary carcinomas with
neuroendocrine (NE) features as a special tumour entity
representing <1% of invasive breast carcinomas.' Small-
cell carcinoma of the breast is a rare NE subtype that
may show aggressive clinical behaviour, whereas the
other, more frequent, breast carcinomas with NE
differentiation (cellular mucinous carcinoma and solid
papillary carcinoma) are usually of low grade. To our
knowledge, there is only one brief description concern-
ing metaplastic change in these NE cancers.” Herein,
we report an exceptionally rare small-cell mammary
carcinoma showing squamous differentiation.

The patient, a 58-year-old postmenopausal Japa-
nese woman, presented with a palpable mass in the
upper outer quadrant of the right breast. Her family
history included a sister with ovarian cancer. Ultraso-
nography revealed a well-defined, focally distorted,
hypo-echoic right breast tumour. Systemic CT
detected no other suspicious lesions. We performed
ultrasound-guided, fine needle aspiration of the breast
lesion, and the cytological diagnosis was carcinoma.

The cut surface of the mastectomy specimen con-
tained a lobulated grey-whitish tumour, measuring
45 x 40 x 40 mm. Histopathologically, this invasive
tumour was composed of solid and/or trabecular
growths of densely packed. small to medium-sized
carcinoma cells with well-developed vascular stroma
(Figure 1A B). Focal coagulation necrosis and haem-
orrhage were present. Carcinoma cells were polygo-
nal  or occasionally spindle-shaped, with high
nuclear/cytoplasmic ratios and ovoid nuclei with
finely granular chromatin and absent or inconspicu-
ous nucleoli (Figure 1B). Mitotic figures were numer-
ous [82 per 10 high-power fields (HPFs)]. Squamous
differentiation, i.e. formation of nests of polygonal
carcinoma cells with abundant, eosinophilic cyto-
plasm and intercellular bridging with focal keratin
pearls, was found (Figure 1C). Mitotic activity was

Histopathology, 63, 738-741.
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also present in this squamous component, but was
lower (12 per 10 HPFs) than that in the small-cell
component. Focal lymphatic permeation was detected.
An in-situ ductal carcinoma component, predomi-
nantly showing cribriform architecture, and with
comedo necrosis, was observed within and near the
tumour mass (Figure 1A,D). No metastases were
identified in the 18 excised right axillary lymph nodes.

Immunohistochemically, invasive carcinoma cells
were diffusely positive for synaptophysin and CD56
(neural cell adhesion molecule, NCAM) and focally
positive for chromogranin A, whereas cells showing
squamous metaplasia were negative or weakly posi-
tive and in-situ cells were negative for these NE mark-
ers (Figure 2A). Carcinoma cells were diffusely
positive for cytokeratin 7 and negative for cytokeratin
20, High molecular weight cytokeratin (34pE12) was
clearly demonstrated only in carcinoma cells with
squamous metaplasia (Figure 2B). Gross cystic disease
fluid protein 15 (GCDFP15) was identified in 2% of
the invasive carcinoma cells and in 20% of the in-situ
carcinoma cells (Figure 2C). The tumour was oestro-
gen receptor-negative in both invasive and in-situ
areas, whereas weak progesterone receptor reactivity
was detected in the invasive carcinoma nuclei (posi-
tive cell rate: 1.5%), and the in-situ component was
progesterone receptor negative. The HER2 score was
estimated at 1+, and the MIB-1 labelling index was
51.4%.

Reverse-transcriptase polymerase chain reaction
(RT-PCR) analysis revealed overexpression of chro-
mogranin A mRNA in the invasive cancer tissue.

Postoperatively, the patient received doxorubicin
(60 mg/m*) and cyclophosphamide (600 mg/m?)
every 4 weeks for four cycles as adjuvant chemother-
apy. She remains alive and well, with neither recur-
rence nor metastasis, 49 months after surgery.

The possibility of metastatic smali-cell carcinoma
from another site should be ruled out." Imaging and
clinical history confirmed that our patient had no
jesions in other organs, and an in-situ component
accompanying the invasive breast cancer was demon-
strated histologically. These are regarded as the two
most important features for diagnosing primary
small-cell mammary carcinoma.”® In addition,
GCDFP15 immunoexpression supports a diagnosis of
primary NE carcinoma of the breast, despite oestro-
gen receptor negativity.4 Furthermore, mammary NE
carcinomas are generally cytokeratin 7-positive and
cytokeratin 20-negative, whereas pulmonary small-
cell carcinoma is negative for both.!*

It has been suggested that mammary NE carcino-
mas generally result from a divergent differentiation
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Pigure 1. Histological findings of small-cell mammary carcinoma with squamous differentiation. A, Invasive region (right side) and
proximally located in-situ component (left side). B, Cancer cells showing medullary invasive growth with a capillary network are polygonal
or mildly fusiform in shape, and have relatively scant cytoplasm and hyperchromatic nuclei with frequent mitoses. C, Note the nest
composed of polygonal cancer cells with abundant, eosinophilic and/or clear cytoplasm, irregularly shaped nuclei, and keratinization.

D, In-situ component composed of ductal cancer cells arranged in glandular structures, with central necrosis.

event in breast cancer, because normal NE cells are
almost never found in the breast,*> whereas we
recently described a hyperplastic condition of NE cells
that was possibly relevant to the development of
some mammary NE carcinomas.® In the present case,
the in-situ ductal carcinoma component had no NE
features, immunohistochemically or morphologically,
and no normal-like and/or hyperplastic NE cells were
detected in background breast tissue. It is thus rea-
sonable to speculate that the breast cancer in this
case acquired a small-cell NE nature divergently
when in-situ cancer cells invaded surrounding stro-
mal tissue or thereafter.

Papotti et al. reported that three of four patients
with primary small-cell carcinoma of the breast died
within 15 months after initial diagnosis, and,

accordingly, that this type of tumour could represent
an aggressive variant of breast cancer,” whereas
Shin et al. emphasized that an important determi-
nant of the outcome is the disease stage at the time
of diagnosis.” In addition, invasive breast carcinomas
with metaplastic features generally have a poor
prognosis.’ Interestingly, our patient with a highly
unusual mammary small-cell carcinoma showing
squamous metaplasia has remained alive and well
for more than 4 years to date, with the standard
treatment for operable infiltrating breast cancers.
Despite the local tumour being large and the pres-
ence of vascular invasion, there was no evidence of
lymph node or distant spread of the cancer (stage
ITA), which may account for the patient’s survival in
this case.

Histopathology, 63, 738-741.
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Figure 2. Immunohistochemical findings of small-cell mammary
carcinoma with squamous differentiation. A, Synaptophysin
immunohistochemistry is diffusely positive in most invasive cancer
cells, but the component showing squamous differentiation is
negative. B, In contrast, 34BE12 stains only areas showing
squamous differentiation. C, Scattered GCDFP15-expressing cancer
cells are observed in the invasive lesion.

Histopathology, 63, 738-741.
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Case Report

Electrical storm after cardiac resynchronization therapy in a patient
with nonischemic cardiomyopathy: Signal-averaged vector-projected

187-channel electrocardiogram-based risk stratification for

lethal arrhythmia
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Keywords:

We describe treatment of atrial flutter and electrical storm presenting as incessant ventricular
tachycardia (VT) after implantation of a cardiac resynchronization therapy defibrillator (CRT-D) in a
patient with dilated cardiomyopathy. No prior arrhythmic event had occurred. Our treatment strategy,
including amiodarone administration, was guided in part by signal-averaged vector-projected 187-
channel electrocardiogram (SAVP-ECG)-based risk stratification for ventricular arrhythmia. Corrected
recovery time (RTc) dispersion and Tpeak-end dispersion were used to evaluate transmural dispersion of
repolarization. RTc and Tpeak-end dispersion increased during the period of electrical storm. Values were

CRT improved 2 years after CRT-D implantation, and the amiodarone was discontinued. The VT has not

Proarrhythmia
RTc dispersion
Tpeak-end dispersion

recurred despite discontinuation of the antiarrhythmic agent. SAVP-ECG-based risk stratification for
ventricular arrhythmia proved useful for the management of antiarrhythmic therapy.
© 2013 Japanese Heart Rhythm Society. Published by Elsevier B.V. All rights reserved.

1. Case report

A 77-year-old man with dilated cardiomyopathy visited our
hospital in December 2010 and reported dyspnea on effort. Echo-
cardiography revealed cardiac dyssynchrony with a low ejection
fraction of 29%, and the patient was diagnosed with New York Heart
Association class III heart failure. The plasma N-terminal pro-B-type
natriuretic peptide (NT-pro BNP) level was 3691 pg/mL. The elec-
trocardiogram (ECG) QRS complex (136 ms) was widened to
136 ms, with a left bundle branch block conturation (Fig. 1). The
patient was being treated with spironolactone (aldactone), -
blocker (carvedilol), and angiotensin Il receptor antagonist (capto-
pril). Implantation of a cardiac resynchronization therapy defibril-
lator (CRT-D) was scheduled and performed in May 2011, without
any complications. After implantation of the right ventricular (RV)
lead in the RV apex, coronary venography was performed, and a
suitable lateral branch was identified as a candidate vessel for left
ventricular (LV) lead implantation. The LV lead was positioned at
the midportion of the lateral branch. The LV pacing threshold was
0.5 mV at 0.5 ms without phrenic nerve stimulation. The right atrial

* Corresponding author. Tel.: +81 33972 8111x2412; fax: +81 33972 1098.
E-mail address: nakaitoshiko@nibon-wacip (T Nakai),

(RA) lead was then positioned at the RA appendage. The following
device and leads were used: Promote RF generator, Durata 7120Q
RV defibrillation lead, QuickFlex 1158T LV lead, and Tendril STS RA
lead (St. Jude Medical, St. Paul, Minnesota, USA). The RV pacing
threshold was 0.75V at 0.4 ms, and the RA pacing threshold was
0.5V at 04 ms. The device was programmed with a ventricular
tachycardia (VT) zone set to 2166 bpm (therapies=antitachy pacing
(ATP) x 3, shock 10 ], 25 ], 36 ] x 4) and a ventricular fibrillation (VF)
zone set to 2230 bpm (therapies=shock 15 ], 36], 36] x 4).

After CRT-D implantation, the QRS duration decreased to 122 ms
(Fig. 2), and the cardiac dyssynchrony improved. However, 5 days
after implantation, atrial flutter (AFL) and electrical storm presenting
as frequent VT were seen. As shown in Fig. 3A, the VT was initiated
by a premature ventricular complex. The CRT-D intracardiac tracing
showed both AFL and VT. Appropriate shocks were delivered, and
both the AFL and VT were terminated (Fig. 3B); however, incessant
VT developed after restoration of sinus rhythm. A total of 9 VT zone
shocks were delivered. Biventricular pacing was discontinued, and
intravenous administration of amiodarone was initiated to inhibit
VT. The VT abated within 1 week, and CRT was restarted. Oral
amiodarone was administered to prevent VT recurrence. To deter-
mine the risk of ventricular arrhythmia, we evaluated the corrected
recovery time (RTc) dispersion and Tpeak-end dispersion on a
signal-averaged vector-projected 187-channel electrocardiogram

1880-4276/$ - see front matter © 2013 Japanese Heart Rhythm Society. Published by Elsevier B.V. All rights reserved.

http://dx.doi.org/10.1016/j.j0a.2013.05.004

— 380 —



354 T. Nakai et al. / Journal of Arrhythmia 29 (2013) 353-356

aVL

HR=753/min. QRS8=17Z ms

Fig. 1. Twelve-lead electrocardiogram obtained before CRT shows a wide QRS complex with left bundle branch block.

HR=74/min. QRS=122 msg

Fig. Z. Twelve-lead electrocardiogram obtained after CRT shows narrowing of the QRS complex compared to that before CRT.

(SAVP-ECG). RTc and Tpeal-end dispersion increased during the
period of electrical storm (average, 15 ms and 48 ms, respectively;
Fig. 4A). These findings suggest that transmural dispersion of
repolarization increased in our patient, leading to venftricular proar-
rhythmia. Two years after implantation of CRT-D, follow-up SAVP-
ECG showed decreased augmentation of RTc dispersion and Tpealk-
end dispersion (17 ms and 13 ms, respectively; Fig. 4B). It remains
unclear whether this improvement was the result of time or the
administration of amiodarone. We halved the dose of amiodarone
before withdrawing the drug altogether. No VT recurrence occurred
despite discontinuation of the antiarrhythmic agent.

2. Discussion

Proarrhythmic events after CRT have been reported in 5-10% of
CRT recipients { 1—4]. Gasparini et al. investigated the incidence of
electrical storm in patients with heart failure treated with CRT and
reported an increased incidence in patients with nonischemic
cardiomyopathy in whom a CRT-D was implanted for secondary
prevention {51 In most cases, the arrhythmia can be managed by

administration of an antiarrhythmic agent and/or discontinuation
of LV pacing within 1 month after implantation of the CRT system.
Kantharia et al. reported a case of electrical storm induced by CRT.
The VT did not disappear even after extraction of the LV lead, and
catheter ablation was performed to control the VT {&]. In another
case, VT was induced by biventricular pacing and controlled by
triple-site biventricular pacing and atrioventricular node ablation [7].
In contrast, CRT has been reported to suppress arrhythmias in some
cases {8-10]. These reports suggest that the suppression is not
due to the effects of pacing itself. Rather, reverse remodeling with
CRT can decrease the AFL burden and frequency of ventricular
arrhythmias.

The mechanism underlying the proarrhythmic effect of CRT is not
well understood. One explanation is that transmural dispersion of
repolarization increases with LV pacing. Bai et al. studied the effects of
LV epicardial pacing and biventricular pacing in a canine model of
dilated cardiomyopathy [ti} and showed that both LV epicardial
pacing and biventricular pacing prolonged the ventricular repolariza-
tion time and increased transmural dispersion of repolarization. Pro-
longed transmural dispersion occurred parallel to augmentation in the
Tpeak-end interval. According to Scott et al, CRT with transseptal
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Fig. 3. Cardiac monitor tracing and intracardiac electrocardiogram shows atrial fibrillation and ventricular tachycardia episodes 5 days after CRT-D implantation.

A

B

2011/5/25: 5 days after CRT

2013/3/26: 2 years after CRT

<40ms

40-70ms 70-99ms >100ms  RT dispersion

Fig. 4. RTc and Tpeak-end dispersion assessed on SAVP-ECG obtained 5 days and 1 year after CRT implantation. RTc and Tpeak-end dispersion were improved 2 years after

CRT implantation.
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endocardial LV pacing (in comparison with epicardial LV pacing) re-
duced QTc and Tpeak-end dispersion, and these authors concluded
that transseptal LV pacing may be less arrhythmogenic | 12]. Barbhaiya
et al. looked at the relationship between ventricular arrhythmia, the
QT interval, and Tpeak-end dispersion and found that increases in
Tpeak-end dispersion and Tpeak-end/QT ratio were associated with an
increased incidence of ventricular arrhythmia in patients with a CRT-D
{131 Another group also reported an association between Tpeak-end
dispersion and major arrhythmic events {14},

Nakai et al. showed that RTc and Tpeak-end dispersion can be
used to evaluate the spatial distribution of myocardial repolariza-
tion {15,16]. We measured RTc and Tpeak-end dispersion in the
acute and chronic periods in the case reported herein. Both
variables were increased during the acute period after CRT,
suggesting that repolarization heterogeneity was augmented
before being modified by amiodarone. These changes are consis-
tent with previous reports of prolongation of the Tpeak-end
interval with LV pacing. On the follow-up SAVP-ECG, RTc and
Tpeak-end dispersion had decreased to within safe ranges. There is
no standard index for use of antiarrhythmic agents, and it is
difficult to make the decision to stop an antiarrhythmic agent once
it is started, even if the patient is free of arrhythmia. In the present
case, RTc/Tpeak-end dispersion increased in the acute phase after
CRT, suggesting a potential substrate for ventricular arrhythmia,
but both measures decreased to within normal range with
amiodarone administration and with time. We controlled the dose
of amiodarone in response to the low risk for ventricular arrhyth-
mia indicated by the SAVP-ECG. Our experience in this case
highlights the importance of risk stratification for lethal arrhyth-
mia after CRT.

3. Comnclusion

We treated a patient who experienced electrical storm after
CRT-D implantation. Our treatment strategy was guided in part by
SAVP-ECG-based risk stratification for ventricular arrhythmia. Our
SAVP-ECG findings indicate that the proarrhythmic effect of CRT
may be due to repolarization heterogeneity induced by LV pacing.
The SAVP-ECG findings allowed us to both administer and with-
draw the antiarrhythmic agent effectively; therefore, we suggest
use of SAVP-ECG as a risk stratification tool in cases of CRT-
induced electrical storm.
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Abstract Age is a well-established risk factor for car-
diovascular disease. Recent trials using intravascular
ultrasound (IVUS) have shown that lipid-lowering therapy
with statins halts the progression or induces the regression
of coronary artery plaques. However, impacts of age on
coronary atherosclerosis and vascular response to statin
therapy have not been fully evaluated. The effects of
8-month statin therapy on coronary atherosclerosis were
evaluated using virtual histology-IVUS. IVUS data were
analyzed from 119 patients who were divided into two

For the TRUTH Investigators.

T. Nozue (B<]) - 1. Michishita

Division of Cardiology, Department of Internal Medicine,
Yokohama Sakae Kyosai Hospital, Federation of National Public
Service Personnel Mutual Associations, 132 Katsura-cho,
Sakae-ku, Yokohama 247-8581, Japan

e-mail: nozue2493 @yahoo.co.jp

S. Yamamoto
Department of Cardiology, Tsurumi Nishiguchi Hospital,
Yokohama, Japan

S. Tohyama
Department of Cardiology, Yokohama Seamen’s Insurance
Hospital, Yokohama, Japan

K. Fukui
Department of Cardiology, Kanagawa Cardiovascular
and Regpiratory Center, Yokohama, Japan

S. Umezawa - Y. Onishi
Department of Cardiology, Hiratsuka Kyosai Hospital,
Hiratsuka, Japan

T. Kunishima

Fourth Department of Internal Medicine, Mizonokuchi Hospital,
Teikyo University School of Medicine, Kawasaki, Japan

Published online: 30 June 2013

groups according to age: elderly patients (>65 years,
n = 72) and non-elderly patients (<65 years, n = 47). No
patients were taking statins or other lipid-lowering thera-
pies at baseline. At baseline, external elastic membrane
(EEM) volume (17.27 vs. 14.95 mm®/mm, p = 0.02) and
plaque volume (9.49 vs. 8.11 mm*/mm, p = 0.03) in"the
elderly patients were significantly greater than in the non-
elderly patients. The EEM volume (—2.4 %, p = 0.007)
and plaque volume (—3.1 %, p = 0.007) after 8-month of
statin therapy had significantly decreased in the non-elderly
patients but not in the elderly patients. A significant posi-
tive correlation was observed between age and percentage
change in plaque volume (r = 0.265, p = 0.004). A
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multivariate regression analysis showed that age was a
significant predictor of the percentage change in plaque
volume during statin therapy (f = 0.223, p = 0.02). Cor-
onary atherosclerosis was more advanced and vascular
responses to statin therapy were attenuated in the elderly
patients compared to the non-elderly patients.

Keywords Age - Atherosclerosis - Coronary artery
disease - Statin - Virtual histology intravascular ultrasound

Introduction

Age is a well-established risk factor for cardiovascular
disease and silent atherosclerosis. In addition to the high
likelihood of other cardiovascular risk factors being present
in the elderly, aging process itself induces structural and
functional changes in the vascular wall [1]. Plaque burden
has reported to increase with advancing age [2-5]. Recent
trials using intravascular ultrasound (IVUS) have shown
that statins halt the progression or induce the regression of
coronary artery plaques [6, 7]. However, impacts of age on
coronary artery plaques before and during statin therapy
have not been fully evaluated. Therefore, in the present
study, we examined the impacts of age on coronary ath-
erosclerosis and vascular response to statin therapy using
virtual histology (VH)-IVUS.

Materials and methods

The present study is a post hoc subanalysis of the treatment
with statin on atheroma regression evaluated by intravas-
cular ultrasound with virtual histology (TRUTH) study, a
prospective, open-labeled, randomized, multicenter trial
performed at 11 Japanese centers to evaluate the effects of
8-month treatment with pitavastatin versus pravastatin on
coronary atherosclerosis using VH-IVUS [8]. Details of the
study design have been reported previously [9]. In brief,
164 patients with angina pectoris were randomized to
either pitavastatin (4 mg/day, intensive lipid lowering) or
pravastatin (20 mg/day, moderate lipid lowering) therapy
after successful percutaneous coronary intervention (PCI)
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under VH-IVUS guidance. No participants were taking
statins or other lipid-lowering therapies at study enroll-
ment. Follow-up IVUS examinations were performed after
8 months of statin therapy. The patients were included in
the present study if they had measurable IVUS-detected
lesions at both enrollment and the 8-month follow-up.
Forty-five patients were excluded because of the following
reasons: withdrew consent in three patients, lost to follow-
up in seven patients, IVUS images were not obtained or not
analyzable in 28 patients, and adverse events in seven
patients [8]. In total, 119 patients were divided into two
groups according to age: elderly patients (>65 years,
n = 72) and non-elderly patients (<65 years, n = 47). We
compared grayscale and VH-IVUS parameters at baseline
and at the 8-month follow-up and compared changes in
these parameters between the elderly and non-elderly
patients.

The TRUTH trial was conducted in accordance with the
Declaration of Helsinki and with the approval of the ethical
committees of the 11 participating institutions. Each
patient enrolled in the study provided written informed
consent.

Details of the IVUS procedure and examination have
been previously reported [§]. In brief, after PCI of the
culprit lesion, IVUS was used for examining angiographic
lesions with <50 % lumen narrowing on the distal and
proximal sides of the culprit lesion in the PCI vessel. An
IVUS catheter (Eagle Eye Gold, Volcano, San Diego, CA,
USA) was used, and a motorized pullback device withdrew
the transducer at 0.5 mm/s. During pullback, a grayscale
IVUS was recorded, and raw radiofrequency data were
captured at the top of the R wave using a commercially
available IVUS console (IVG3, Volcano) [10]. After
8 months of statin therapy, the IVUS examination was
repeated in the same coronary artery using the same type of
IVUS catheter used at baseline.

An independent and experienced investigator (M. T.)
performed all baseline and follow-up IVUS core laboratory
analyses in a blinded manner. Before the IVUS analysis,
the baseline and follow-up IVUS images were reviewed
side by side on a display, and the distal and proximal ends
of the target segment were identified on the basis of the
presence of reproducible anatomic landmarks such as the
side branch, vein, and stent edge. Plaques close to the PCI
site (within 5 mm) were excluded. Manual contour detec-
tion of the lumen and the external elastic membrane (EEM)
was performed for each frame. Quantitative IVUS gray-
scale analysis was performed according to the guidelines of
the American College of Cardiology and European Society
of Cardiology [11]. All volumetric data were divided by
lesion length to obtain a volume index. VH-IVUS data
analysis was determined by grayscale border contour cal-
culation, and the relative and absolute amounts of the
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different coronary artery plaque components were mea-
sured using IVUS Lab, version 2.2 (Volcano).

Blood examinations for lipid levels were performed at
baseline and at the 8-month follow-up. The serum lipids,
apolipoproteins, and high-sensitivity C-reactive protein
(hs-CRP) levels were measured at a central clinical labo-
ratory (SRL, Inc., Tokyo, Japan). The serum levels of
eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA),
and arachidonic acid (AA) in conserved frozen samples
obtained at baseline and at the §-month follow-up were
measured annually by a central laboratory (BML, Inc.,
Kawagoe, Japan).

Statistical analyses were performed using StatView,
version 5.0 (SAS Institute, Cary, NC, USA). The results
were expressed as mean & SD. Differences in continuous
variables between the two groups were compared using an
unpaired Student’s ¢ test when the variables showed a
normal distribution and the Mann—Whitney U test when the
variables were not normally distributed. Differences in
continuous variables within each group were compared
using paired Student’s 7 tests when the variables showed a
normal distribution and Wilcoxon’s signed-rank sum tests
when the variables were not normally distributed. Cate-
gorical variables between the two groups were compared
using Chi-square tests or Fisher’s exact tests. Univariate
regression analyses were performed to assess the correla-
tions between the percentage change in plaque volume and
several parameters, including nominal variables (gender,
coronary artery disease status, hypertension, diabetes
mellitus, smoking, and type of statin) and numerical vari-
ables [age, estimated glomerular filtration rate (eGFR),
percentage change in low-density lipoprotein cholesterol
(LDL-C), small, dense low-density lipoprotein (sd-LDL),
high-density lipoprotein cholesterol (HDL-C), and hs-CRP,
and change in the EPA + DHA/AA ratio). The variables
with a p value <0.2 on univariate analysis were entered
into multivariate models. Statistical significance was set at
p < 0.05.

Results

The baseline characteristics of the subjects are listed in
Table 1. No significant differences were present in the
baseline characteristics between the two groups, except for
age (73 vs. 56 years, p < 0.0001) and eGFR (60.6 ml/min/
1.73 m? vs. 70.3 mI/min/1.73 m?, p = 0.0004). The fre-
quency of angiotensin-converting enzyme inhibitor or
angiotensin-receptor blocker use tended to be higher in the
elderly patients (58 vs. 40 %, p = 0.06).

The risk factor controls at baseline and at the §-month
follow-up are listed in Table 2. Serum LDL-C levels
decreased significantly in both groups, and these levels at

Table 1 Baseline characteristics of subjects

Elderly Non-elderly p value
n=7172) (n = 47)
Age (years) 73+£5 56 4+ 6 <0.0001
Men 57 (79 %) 42 (89 %) 0.21
Body mass index (kg/m?) 241 4+£34 250£32 0.2
eGFR (ml/min/1.73 m?) 60.6 + 145 703 £ 14.0  0.0004
Treatment allocation 0.25

Pitavastatin 32 (44 %) 26 (55 %)

Pravastatin 40 (56 %) 21 (45 %)

Status of coronary artery 0.12
disease

Stable angina pectoris 54 (75 %) 29 (62 %)

Unstable angina pectoris 18 (25 %) 18 (38 %)

Target coronary artery 0.3

Left anterior descending 38 (53 %) 29 (62 %)

Left circumflex 2 (3 %) 3(6 %)

Right 32 (44 %) 15 (32 %)
Hypertension 48 (67 %) 27 (57 %) 0.31
Diabetes mellitus 32 (44 %) 18 (38 %) 0.51
ACE-Is or ARBs 42 (58 %) 19 (40 %) 0.06
B blockers 7 (10 %) 6 (13 %) 0.6
Calcium channel blockers 38 (53 %) 22 (47 %) 0.52
Insulin 7 (10 %) 49 %) >0.99
Thiazolidinedione 5(7 %) 12 %) 04
Follow-up duration (days) 229 + 35 225 4 38 0.56

Data are expressed as mean == SD or as number (percentage)

eGFR estimated glomerular filtration rate, ACE-Is angiotensin-con-
verting enzyme inhibitors, ARBs angiotensin-receptor blockers

the 8-month follow-up were significantly low in the elderly
patients compared to those in the non-elderly patients (81
vs. 91 mg/dl, p = 0.02). A significant increase in HDL-C
levels and decreases in apolipoprotein B, sd-LDL, and hs-
CRP levels were observed in both groups. However, apo-
lipoprotein B (70 vs. 79 mg/dl, p = 0.009) and sd-LDL
levels (17 vs. 21 mg/dl, p = 0.04) at the 8-month follow-
up were significantly low in the elderly patients. The serum
EPA + DHA/AA ratio in the elderly patients tended to
decrease at the 8-month follow-up.

The parameters evaluated using grayscale and VH-
IVUS are listed in Table 3. At baseline, EEM volume
index (17.27 vs. 14.95 mm*/mm, p = 0.02) and plaque
volume index (9.49 vs. 8.11 mm>/mm, p = 0.03) in the
elderly patients were significantly greater than in the non-
elderly patients. EEM volume index (—2.4 %, p = 0.007)
and plaque volume index.(—3.1 %, p = 0.007) had sig-
nificantly decreased only in the non-elderly patients. Fur-
thermore, the percentage change in plaque volume index
was generally different between the two groups (0.0 vs.
—3.1 %, p = 0.07). In addition, EEM volume index and
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Table 2 Risk factor control at baseline and at follow-up

Elderly (n = 72)

Non-elderly (n = 47)

Baseline Follow-up p value Baseline Follow-up p value

TC (mg/dl) 200 =+ 35 154 £ 27* <0.0001 213 £37 166 & 29 <0.0001
% change —-22 £+ 13 —-21 £ 11

LDL-C (mg/dl) 128 £ 31 81 + 22% <0.0001 138 £+ 32 91 =+ 28 <0.0001
% change =35+ 17 —-34 &+ 14

Triglycerides (mg/dl) 120 =+ 49%* 112 £ 70 0.31 149 £ 82 123 £ 52 0.02
% change -3 £ 46 —7 £ 39

HDL-C (mg/dl) 48 £ 10 51+ 12 0.02 45 £ 12 51£13 0.0003
% change 9+£25 15 £+ 22

Apolipoprotein Al (mg/dl) 119 £ 19 132 4+ 27 <0.0001 116 + 22 132 £ 22 <0.0001
% change 12 + 19 15 £ 16

Apolipoprotein B (mg/dl) 99 £ 27%* 70 £ 16%* <0.0001 111 £ 24 79 £ 18 <0.0001
% change —28 £ 16 —28 + 13

Sd-LDL (mg/dl) 23 + 12% 17 £ 9* <0.0001 30 + 16 21 £9 0.0009
% change —17 £ 41 —-17 &£ 51

Hs-CRP (ng/ml) 12,620 =& 36,146 2,652 & 5,646 0.02 12,189 £ 17,197 2,369 £ 4,429 0.0006
% change —42 £+ 85 —41 £ 118

EPA/AA 0.49 £ 0.27 0.49 + 0.30 0.76 0.46 £ 0.27 0.50 £ 0.34 0.24
Change 0.01 £ 0.18 0.04 £ 0.21

DHA/AA 1.01 £ 0.33 0.92 4+ 0.31 0.004 0.94 £ 0.33 0.85 + 0.35 0.06
Change —0.09 £+ 0.23 —0.08 &+ 0.27

EPA + DHA/AA 1.49 £ 0.55 141 £0.55 0.08 1.40 £ 0.56 1.36 £ 0.67 0.53
Change —0.08 £+ 0.37 —0.04 £ 043

SBP (mmHg) 137 £21 135 + 23 045 131 23 133 £ 21 0.37
% change 0+ 17 4 £ 16

DBP (mmHg) 74 £ 10 73 £ 11%* 0.5 79 £ 15 80 + 14 0.59
% change 0£19 3+18

Data are expressed as mean £ SD

TC total cholesterol, LDL-C low-density lipoprotein cholesterol, FDL-C high-density lipoprotein cholesterol, sd-LDL small, dense low-density
lipoprotein, /s-CRP high-sensitivity C-reactive protein, FPA eicosapentaenoic acid, DHA docosahexaenoic acid, AA arachidonic acid,

SBP systolic blood pressure, DBP diastolic blood pressure
* p < 0.05, **p < 0.01 compared to non-elderly

plaque volume index at the 8-month follow-up were sig-
nificantly greater in the elderly patients than those in the
non-elderly patients. Decreases in the fibro-fatty plaque
component, and increases in the calcified and necrotic-core
components were observed in both groups, while the
fibrous component decreased significantly only in the non-
elderly patients. The fibro-fatty component volume index at
baseline (1.26 vs. 0.79 mm*/mm, p = 0.008) and at the
8-month follow-up (0.96 vs. 0.62 mm’/mm, p = 0.01) in
the elderly patients was significantly greater than in the
non-elderly patients.

The percentage change in plaque volume during statin
therapy significantly positively correlated with age
(r = 0.265, p =0.004; Fig. I; Table 4) and negatively
correlated with change in the EPA + DHA/AA ratio
(r = —0.240, p = 0.02; Table 4). A multivariate regression
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analysis showed that age (f = 0.223, p = 0.02) and
change in the EPA + DHA/AA ratio (f = —0.209,
p = 0.04) were significant predictors of the percentage
change in plaque volume during statin therapy (Table 4).

Discussion

The major findings of the present study were as follows:
first, coronary atherosclerosis was more advanced in the
elderly patients because EEM and plaque volume at base-
line were significantly greater than in the non-elderly
patients. Second, we determined that vascular responses to
statin therapy were attenuated in the elderly patients on the
basis of the significant decreases in EEM and plaque vol-
ume were observed only in the non-elderly patients, and
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