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Aims The Ultimaster bioresorbable polymer sirolimus-eluting stent (BP-SES) is a newly developed drug-eluting stent (DES)
that consists of a thin-strut, cobalt chromium with bioresorbable polymer coated only albuminally. We sought to com-
pare tissue coverage in coronary lesions treated with BP-SES with the XIENCE permanent polymer everolimus-eluting
stent (PP-EES) using optical coherence tomography (OCT).

Methods
and results

A total of 36 patients participated in the CENTURY II trial in our institution and were randomly assigned to BP-SES
(n ¼ 15) and PP-EES (n ¼ 21). Of these, 27 patients (13 BP-SES and 14 PP-EES) underwent OCT at 9-month fol-
low-up. Tissue coverage and apposition were assessed on each strut, and the results in both groups were compared
using multilevel logistic or linear regression models with random effects at three levels: patient, lesion, and struts. A total
of 6450 struts (BP-SES, n ¼ 2951; PP-EES, n ¼ 3499) were analysed. Thirty and 79 uncovered struts (1.02 and 2.26%,
P ¼ 0.35), and 3 and 4 malapposed struts (0.10 and 0.11%, P ¼ 0.94) were found in BP-SES and PP-EES groups, respect-
ively. Mean neointimal thickness did not significantly differ between both groups (110+ 10 vs. 93+10 mm, P ¼ 0.22).
No significant differences in per cent neointimal volume obstruction (13.2+ 4.6 vs. 10.5+4.9%, P ¼ 0.14) or other
areas-volumetric parameters were detected between both groups.

Conclusion BP-SES shows an excellent vascular healing response at 9-month follow-up, which is similar to PP-EES.
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Introduction
Drug-eluting stents (DESs) have dramatically reduced the rate
of in-stent restenosis and target revascularization by inhibiting
neointimal hyperplasia.1 However, delayed neointimal healing
and incomplete endothelialization have gained attention as a

cause for late stent thrombosis (LST) with first-generation
DESs.2 – 4 Newer generation DES is designed to overcome these
limitations of first-generation DES by the improvement in stent
platform, the use of alternative anti-proliferative limus analogues,
and the development of biocompatible and biodegradable
polymers.5,6
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Bioresorbable polymer sirolimus-eluting stent (BP-SES)
(UltimasterTM, Terumo Corporation, Tokyo, Japan) is a newly devel-
oped DES that consists of a thin-strut (80 mm), cobalt chromium,
sirolimus-eluting stent with bioresorbable polymer (resorbed
within 3–4 months) coated only albuminally by applying special
gradient technology. CENTURY (Clinical Evaluation of New
Terumo Drug-Eluting Coronary Stent System in the Treatment
of Patients with Coronary Artery Disease) study demonstrated
good performance of BP-SES, including high procedural success,
strong suppression of neointimal proliferation at 6 months, and a
low rate of target lesion failure at 2 years.7 Recently, CENTURY II
trial showed that BP-SES has the similar safety and efficacy to per-
manent polymer everolimus-eluting stent (PP-EES) (Xience VTM,
Xience PrimeTM, Abbott Vascular, Santa Clara, CA, USA) at
9 months.8

Optical coherence tomography (OCT) is a high resolution intra-
vascular imaging modality to evaluate neointimal tissue adequately in
vivo. In the CENTURY study, an OCT analysis at 6-month follow-up
showed that the percentage of mean strut coverage and malap-
posed struts were 96.2+ 5.0 and 1.66+ 4.02%, respectively.7 To
date, however, there has been no data investigating coronary arterial
response to BP-SES at late phase (≥6 months). Therefore, we
sought to evaluate the neointimal tissue coverage of BP-SES at
9 months after stent implantation using OCT compared with that
of PP-EES.

Methods

Study population and procedural protocol
From March and October 2012, a total of 36 patients participated in
the CENTURY II trial in our institution and were randomly assigned
to BP-SES (n ¼ 15) and PP-EES (n ¼ 21). The design and main results
from the CENTURY II trial have been published elsewhere.8 It was an
international, multicentre, randomized (1:1), single-blind, controlled,
non-inferiority, two-arm clinical trial comparing BP-SES with PP-EES.
In cohort Japanese requirements, patients with unstable angina pectoris
and stable angina pectoris were eligible for inclusion. Patients with acute
myocardial infarction within 48 h before baseline procedure were
excluded. For the purpose of the present study, 9-month follow-up
OCT examination was prospectively attempted in 36 patients between
December 2012 and June 2013.

All initial interventions were performed using standard techniques.
Pre-dilatation, post-dilatation, and intravascular ultrasound or OCT
uses were left to the operator’s discretion. After the procedure, all
patients were advised to continue on aspirin (81–162 mg daily) for
life unless there were contraindications. Either ticlopidine (200 mg daily)
or clopidogrel (75 mg daily) was also prescribed for at least 1 year after
stent implantation. Written informed consent to participation was
obtained from all patients in accordance with the Declaration of
Helsinki, and this study was approved by the ethics committee of Kokura
Memorial Hospital.

Study endpoints
The study primary endpoint was neointimal tissue coverage at 9-month
follow-up, which was evaluated as the percentage of uncovered struts
and the mean neointimal thickness (NIT). Secondary endpoints included
apposition and standard areas and volumes.

Quantitative coronary angiography
Coronary angiography was performed after the intracoronary adminis-
tration of 0.2 mg nitroglycerin. Quantitative coronary angiographic ana-
lysis was performed before and after stenting and 6–9 months after
index procedure, using a guiding catheter to calibrate the magnification
and a validated automated edge detection algorithm (CASS 5.9, Pie
Medical Imaging, Eindhoven, The Netherlands). The analyses were per-
formed independently by two experienced independent observers in an
independent core laboratory (Kokura Memorial Hospital, Kitakyushu,
Japan) blinded to the clinical information. ISR was defined as a per
cent diameter stenosis of .50% within the stent at the time of
follow-up.

OCT imaging acquisition
The OCT imaging was performed with an OCT system (C7XR Fourier-
Domain System, St Jude Medical, St Paul, MN, USA). The C7XR system
used a conventional wire to cross the segment of interest. The OCT
imaging catheter (Dragonfly, St Jude Medical, St Paul, MN, USA) was
then advanced distally to the stented lesion. Pullback was performed
during continuous injection of contrast medium through the guide
catheter with an injection pump. Automatic pullback rate was 20 mm/s,
and the frame rate was 100 frames/s.

OCT analysis
OCT pullback was analysed offline in a core laboratory (Cardiolysis
BV, Rotterdam, The Netherlands) by independent analysts blinded to
clinical and procedural characteristics of the patients, using QIvus soft-
ware (Medis Medical Imaging Systems BV, Leiden, The Netherlands).
Cross-sectional OCT images were analysed at 1-mm intervals within
the stented segment and 5-mm proximal and distal to the stent edges.
Cross-sections with side branches or poor quality of OCT images were
excluded from this analysis. Lumen and stent areas were drawn in each
analysed cross-section, and the derived incomplete stent apposition or
neointimal hyperplasia (NIH) areas were calculated as appropriate. The
NIT was determined based on automated measurements performed
from the centre of the luminal surface of each strut blooming and its dis-
tance to the lumen contour.9 An uncovered strut was defined as having
an NIT of 0 mm.9 A malapposed strut was defined as a distance between
the centre reflection of the strut and the vessel wall (BP-SES .80 mm
and PP-EES .89 mm).10 An intraluminal mass was defined as an irregu-
lar mass in the lumen accompanied by shadow or mass not connected
with the lumen.

Statistical analysis
Data are presented as values and percentages, mean+ SD, or median
[inter-quartile range (IQR)]. Categorical variables were compared
between groups with the x2 test or Fisher exact test, as appropriate.
Continuous variables were compared between groups using the
Student’s unpaired t-test or the Mann–Whitney U test, based on the
distribution. In per strut analysis, apposition was estimated through
the categorical variable (well-apposed or malapposed). Tissue coverage
was estimated through the percentage of uncovered struts (dichotom-
ous variable) and through the mean thickness of coverage (continuous).
Dichotomous or categorical variables were analysed using multilevel
logistic regression models with random effects at three levels: (i) patient,
(ii) lesion, and (iii) stent. Similarly, continuous variables were analysed
using multilevel linear regression models with random effects at the
same three levels.

All statistical analyses were performed using the use of JMP version
10.0.2 (SAS Institute Inc., Cary, NC, USA) for data description and base-
line comparisons; and SAS version 9.4 (SAS Institute Inc.) for multilevel
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modelling. A two-sided P-value of ,0.05 was considered statistically
significant.

Results

Study population
Of 36 patients, a total of nine patients (two BP-SES and seven
PP-EES) were excluded in the present study because of the follow-
ing reasons: seven refused to participate in the present study and
two failed to perform the OCT examination due to technical rea-
sons. Finally, 13 BP-SES and 14 PP-EES patients were enrolled in
the present study (Figure 1).

Baseline patient characteristics
Baseline patient characteristics of the study population are summar-
ized in Table 1 and were similar between the two groups.

Baseline lesion characteristics and
quantitative coronary angiography
findings
Table 2 shows baseline lesion characteristics and quantitative coron-
ary angiography (QCA) findings of the two groups. There were no
significant differences between both groups. At 9-month follow-up,
late lumen loss was comparable between groups (0.29+ 0.22 vs.
0.24+0.17 mm, P ¼ 0.44).

OCT findings
Figure 2 shows representative OCT images of BP-SES and PP-EES.
Table 3 shows the results of tissue coverage and apposition between
BP-SES and PP-EES groups at 9-month follow-up. Mean NIT did not
differ significantly between the two groups (difference 17.0 mm,
95% confidence interval, CI: 211.3 to 45.0 mm, P ¼ 0.22). The
distribution of NIT is shown in Figure 3. The percentage of uncov-
ered struts was comparable between both groups (odds ratio, OR
0.61, 95% CI: 0.21–1.74, P ¼ 0.35). The percentage of malapposed

struts was very low in both groups (OR 1.09, 95% CI: 0.07–15.53,
P ¼ 0.94). Table 4 shows mean in-stent areas and volumes between
two groups. No significant differences in per cent neointimal volume
obstruction (13.2+ 4.6 vs. 10.5+ 4.9%, P ¼ 0.14) or other
areas-volumetric parameters were detected between both groups.

Clinical outcomes through 9 months
Clinical adverse events such as any revascularization, myocardial in-
farction, and stent thrombosis did not occur in both groups during
9-month follow-up.

Discussion
At 9-month follow-up, the present OCT sub-study of CENTURY II
trial showed excellent tissue coverage and apposition of both
BP-SES and PP-EES. The main findings of this study are as follows:
(i) the percentage of uncovered and malapposed struts was very
low in both BP-SES and PP-EES; (ii) the mean NIT did not differ sig-
nificantly between BP-SES and PP-EES.

Histopathological studies of first-generation DES have revealed
that a chronic inflammatory reaction to components of the perman-
ent polymer matrix may lead to the delayed arterial healing, which
was associated with increased risks of late DES failure such as LST

Figure 1 Study chart flow. BP-SES, bioresorbable polymer
sirolimus-eluting stent; PP-EES, permanent polymer everolimus-
eluting stent.
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Table 1 Baseline patient characteristics

BP-SES
(n 5 13)

PP-EES
(n 5 14)

P

Age, years 75.0+7.2 71.2+9.0 0.24

Male 8 (61.5) 12 (85.7) 0.20

Hypertension 10 (76.9) 10 (71.4) .0.99

Dyslipidaemia 11 (84.6) 13 (92.8) 0.59

Diabetes mellitus 3 (23.0) 6 (42.8) 0.41

Current smoker 1 (7.6) 1 (7.1) .0.99

Previous MI 1 (7.6) 2 (14.2) .0.99

Prior PCI 2 (15.3) 5 (35.7) 0.38

LVEF, % 65.4+6.3 60.7+9.9 0.15

Clinical presentation

Stable angina 13 (100.0) 14 (100.0) –

Acute coronary
syndrome

0 (0.0) 0 (0.0) –

Medication

Aspirin 13 (100.0) 14 (100.0) –

Clopidogrel 13 (100.0) 14 (100.0) –

ACEI/ARB 9 (69.2) 9 (64.2) .0.99

b-Blocker 4 (30.7) 3 (21.4) 0.67

Statin 12 (92.3) 11 (78.5) 0.59

OHA 3 (23.0) 5 (35.7) 0.67

Insulin 2 (15.3) 1 (7.1) 0.59

Data are presented as mean+ SD or n (%).
ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor
blocker; BP-SES, bioresorbable polymer sirolimus-eluting stent; LVEF, left
ventricular ejection fraction; MI, myocardial infarction; OHA, oral hypoglycaemia
agent; PCI, percutaneous coronary intervention; PP-EES, permanent polymer
everolimus-eluting stent.
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and late restenosis.2– 4 To overcome this limitation, biocompatible
and biodegradable polymers have been developed and equipped
with newer generation DES. BP-SES has an albuminally coated bior-
esorbable polymer, which is resorbed within 3–4 months. These
features are expected to reduce inflammatory reaction for the ves-
sel and translate into the positive clinical outcome.11,12 In the pre-
sent study, uncovered and malapposed struts were observed in
1.02 and 0.10% of BP-SES struts and 2.26 and 0.11% of PP-EES struts,
respectively. Although there is no data regarding OCT results of
BP-SES at 9-month follow-up, the percentage of uncovered and ma-
lapposed struts at 8–12 months after PP-EES implantation was

reported to be 1.6–2.4 and 0.22–1.76%, respectively.13,14 These
findings supported that both BP-SES and PP-EES showed an excel-
lent vascular healing response at 9 months after implantation. Fur-
thermore, the percentage of uncovered and malapposed struts in
both groups was surprisingly lower compared with previous stud-
ies.13,14 In the present study, we performed IVUS- or OCT-guided
PCI to obtain the optimal stent expansion and apposition in all
patients, which may lead to better vascular healing.

The shorter polymer resorption time is one of the unique fea-
tures of BP-SES. On the other hand, it has gained attention as a cause
for concern due to a potential inflammatory response to polymer
degradation products.15 Interestingly, an angiographic sub-study of
the CENTURY II trial showed that in-stent late loss was significantly
lower in PP-EES than in BP-SES, although the rate of TLR was similar
between the two groups. This discrepancy caused a little concern
regarding the efficacy and safety of BP-SES. As reported previously,
OCT is useful to evaluate the in vivo vascular healing comparing dif-
ferent types of DESs.10,13,14,16 In the present study, the percentage
of uncovered and malapposed struts was not significantly different
between BP-SES and PP-EES. Furthermore, mean NIT of BP-SES
was 110 mm and did not significantly differ from that of PP-EES
(93 mm). Previous OCT studies showed the mean NIT of newer
generation DES as follows: 100–142 mm in PP-EES;10,13,14 91 mm
in biodegradable polymer biolimus-eluting stent (BP-BES)
(NoboriTM, Terumo, Tokyo, Japan);14 116 mm in zotalolimus-eluting
stent (Resolute IntegrityTM, Medtronic Inc., Santa Rosa, CA, USA).10

These findings support that the mean NIT of BP-SES is similar to that
of other newer generation DES and might dispel the concerns re-
garding the shorter polymer resorption time of BP-SES.

Biodegradable polymer is designed to improve long-term safety
and efficacy compared with first-generation DES.11 Recently,
BP-BES (NoboriTM) showed clinical non-inferiority to PP-EES in
NEXT and COMPARE II trial.17,18 To date, however, it remains un-
clear whether biodegradable polymer leads to better long-term
safety and efficacy compared with newer generation permanent
polymer. A network meta-analysis demonstrated that BP-BES was
associated with a higher risk of definite or probable stent throm-
bosis than PP-EES.19 Furthermore, OCT studies showed that the
percentage of uncovered struts was significantly higher in BP-BES
than in PP-EES at 6- to 9-month follow-up.14,20 These findings did
not support a preferential use of biodegradable polymer DES
over newer generation permanent polymer DES. In the present
study, vascular healing characterized by the presence of uncovered
and malapposed struts was similar between BP-SES and PP-EES at
9-month follow-up. Compared with BP-BES, BP-SES has lots of dif-
ferent features in terms of stent alloy (cobalt chromium vs. stainless
steel), strut thickness (80 vs. 120 mm), and eluting drug (sirolimus vs.
biolimus). These differences may translate into the results in the
present study. Although biodegradable polymer may become one
of the important DES components, the optimal combination of
stent design, strut thickness, polymer, and eluting drug may play a
pivotal role in newly developed DESs.

CENTURY II trial demonstrated non-inferiority of BP-SES to
PP-EES with respect to the target lesion failure within 9 months, re-
gardless of significant differences in in-stent late loss.8 Moreover, the
present OCT study showed comparable vascular healing response
between BP-SES and PP-EES at 9-month follow-up. Theoretically,
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Table 2 Baseline lesion characteristics and
quantitative coronary angiography findings

BP-SES
(n 5 13)

PP-EES
(n 5 15)

P

Location of target
lesion

0.67

RCA 3 (23.1) 2 (13.3)

LAD 8 (61.5) 9 (60.0)

LCX 2 (15.4) 4 (26.7)

Lesion type 0.99

A/B1/B2/C 1/7/3/2 1/8/3/3

Bifurcation 2 (15.4) 1 (6.7) 0.58

Stent diameter, mm 2.88+0.42 2.90+0.34 0.91

Stent length, mm 17.4+4.3 19.7+5.0 0.21

Total stent length, mm 20.8+8.8 24.4+10.5 0.35

No. of stents per lesion .0.99

1 11 (84.6) 13 (86.7)

2 2 (15.4) 2 (13.3)

Maximal inflation
pressure, atm

13.4+2.8 14.3+4.7 0.53

Post-dilatation 6 (46.2) 5 (33.3) 0.70

Use of IVUS 9 (69.2) 11 (73.3) .0.99

Use of OCT 4 (30.8) 4 (26.7) .0.99

Quantitative coronary angiography

Baseline

RVD, mm 2.93+0.44 2.91+0.39 0.91

MLD, pre, mm 0.57+0.30 0.75+0.42 0.21

%DS, pre, % 80.4+8.1 73.2+17.4 0.31

MLD, post, mm 2.65+0.39 2.59+0.33 0.66

%DS, post, % 9.4+4.5 10.5+5.1 0.54

Lesion length, mm 18.3+8.2 19.8+9.6 0.68

9-month follow-up

RVD, mm 2.92+0.46 2.81+0.38 0.53

MLD, mm 2.34+0.42 2.35+0.44 0.96

%DS, % 20.0+9.1 16.8+5.4 0.26

Late loss, mm 0.29+0.22 0.24+0.17 0.44

In-stent restenosis 1 (7.7) 0 (0.0) 0.46

Data are presented as mean+ SD or n (%).
BP-SES, bioresorbable polymer sirolimus-eluting stent; DS, diameter stenosis;
LAD, left coronary artery; LCX, left circumflex artery; MLD, minimal lumen
diameter; PP-EES, permanent polymer everolimus-eluting stent; RCA, right
coronary artery; RVD, reference vessel diameter.
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however, potential benefits related to biodegradable polymer may
appear during long-term follow-up. Indeed, 5-year follow-up of
LEADERS trial demonstrated the safety benefit of BP-BES com-
pared with durable polymer SES (DP-SES) (CypherTM, Cordis,
Johnson & Johnson, Warren, NJ, USA) due to a significant reduction
in very LST.11 Furthermore, we previously reported 5-year OCT
study that BP-BES (NoboriTM) showed a favourable vascular re-
sponse compared with DP-SES (CypherTM) and the frequency of
in-stent neoatherosclerosis tended to be lower in BP-BES than in
DP-SES.21 However, there is no data regarding long-term clinical

outcome and vascular response after BP-SES implantation. There-
fore, further long-term follow-up study is required to validate the
safety and efficacy of BP-SES. Moreover, OCT study may be able
to provide more insights into the long-term vascular response of
BP-SES as previously reported in other DESs.21,22

Study limitations
There are several limitations in the present study. First, this study in-
cluded a small study population. Therefore, selection bias may exist
in the present study and have biased the conclusion. Nevertheless,

Figure 2 Representative optical coherence tomographic images of BP-SES (A–C) and permanent polymer everolimus-eluting stent (D–F ) at
9-month follow-up. Images shown are (A and D) covered struts, (B and E) uncovered struts (blue arrows), and (C and F) malapposed struts (red
arrows).
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Table 3 Analysis of tissue coverage and apposition per stent strut

BP-SES PP-EES Difference or odds ratio (95% CI) P

Total of stent struts 2951 3499

Tissue coverage

Mean NIT, mm 110+10 93+9 17.0 (211.3 to 45.0) 0.22

Covered struts 2921 (98.98) 3420 (97.74) 1.64 (0.57 to 4.70) 0.35

Uncovered struts 30 (1.02) 79 (2.26) 0.61 (0.21 to 1.74) 0.35

Apposition

Well-apposed struts 2935 (99.46) 3484 (99.56) 0.75 (0.30 to 1.85) 0.53

Malapposed struts 3 (0.10) 4 (0.11) 1.09 (0.07 to 15.53) 0.94

Data are presented as mean+ SD or n (%).
BP-SES, bioresorbable polymer sirolimus-eluting stent; CI, confidence intervals; NIT, neointimal thickness; PP-EES, permanent polymer everolimus-eluting stent.
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to the best of our knowledge, this is the first study to assess the
neointimal tissue coverage of BP-SES at 9 months after stent
implantation using OCT. Second, OCT evaluation immediately
after stent implantation was not available in the present study.
Therefore, it was not possible to distinguish between persistent
and late-acquired stent malapposition. Finally, the present study
was not powered or designed to assess the relationship between
OCT suboptimal results and future clinical events. Additionally, it

is difficult to draw conclusions on changes in clinical treatment
such as the optimal duration of dual antiplatelet therapy based on
the results of current study. Further studies are required to investi-
gate the clinical implication of OCT findings at 9-month follow-up.

Conclusion
The percentage of uncovered and malapposed struts is very low in
both BP-SES and PP-EES at 9-month follow-up. Additionally, NIT is
similar between BP-SES and PP-EES. Our findings support that
BP-SES shows an excellent vascular healing response at 9-month
follow-up, which is similar to PP-EES.

Conflict of interest: S.S. reports grants from Terumo Corpor-
ation during the conduct of CENTURY II trial.

Funding
This study was supported by Terumo Corporation, Tokyo, Japan. Fund-
ing to pay the Open Access publication charges for this article was pro-
vided by Terumo Corporation, Tokyo, Japan.

References
1. Moses JW, Leon MB, Popma JJ, Fitzgerald PJ, Holmes DR, O’Shaughnessy C et al.

Sirolimus-eluting stents versus standard stents in patients with stenosis in a native
coronary artery. N Engl J Med 2003;349:1315–23.

2. Joner M, Finn AV, Farb A, Mont EK, Kolodgie FD, Ladich E et al. Pathology of
drug-eluting stents in humans: delayed healing and late thrombotic risk. J Am Coll
Cardiol 2006;48:193–202.

3. Virmani R, Guagliumi G, Farb A, Musumeci G, Grieco N, Motta T et al. Localized
hypersensitivity and late coronary thrombosis secondary to a sirolimus-eluting
stent: should we be cautious? Circulation 2004;109:701–5.

4. Finn AV, Joner M, Nakazawa G, Kolodgie F, Newell J, John MC et al. Pathological
correlates of late drug-eluting stent thrombosis: Strut coverage as a marker of en-
dothelialization. Circulation 2007;115:2435–41.
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Minimal lumen area, mm2 4.28+1.60 4.72+1.86 0.51
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Data are presented as mean+ SD.
BP-SES, bioresorbable polymer sirolimus-eluting stent; ISA, incomplete stent
apposition; NIH, neointimal hyperplasia; PP-EES, permanent polymer
everolimus-eluting stent.

Figure 3 Neointimal thickness at intervals of 50 mm. In BP-SES,
the percentage of stent struts with a neointimal thickness of ,5,
5–55, 55–105, 105–155, 155–205, 205–255, 255–305, and
.305 mm was 1.1, 27.8, 32.1, 18.2, 10.2, 5.5, 2.2, and 3%, respect-
ively. That for permanent polymer everolimus-eluting stent was
2.3, 34.6, 27.6, 17.7, 9.7, 4.8, 2.0, and 1.4%, respectively. BP-SES,
bioresorbable polymer sirolimus-eluting stent; PP-EES, permanent
polymer everolimus-eluting stent.
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Left ventricular asynchrony in early isolated cardiac sarcoidosis
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A 43-year-old asymptomatic man was screened
for premature ventricular contractions on elec-
trocardiography during an annual health check-
up. Echocardiography demonstrated preserved
left ventricular function with a normal radial strain
profile (Panel A). However, three-dimensional
analysis revealed left ventricular asynchrony with
delayed peak excursion in the septal to inferior
wall (Panel B). No abnormalities were detected
on coronary computed tomographic angiography.
Cardiac magnetic resonance imaging revealed late
gadolinium enhancement in the septal to inferior
wall (Panel C). Fluorodeoxyglucose-positron
emission tomography/computed tomography
demonstrated high uptake in the interventricular
septum (Panel D). Endomyocardial biopsy of
the interventricular septum demonstrated non-caseating granuloma (Panel E) with negative Ziehl–Neelsen staining results. Although the
patient was in the early stage of cardiac sarcoidosis without major cardiac symptoms and other organ involvement, with positive tuberculin
and negative laboratory test results (serum/urinary calcium and angiotensin-converting enzyme), he was successfully diagnosed using mod-
ern cardiac imaging modalities. Thus, the patient was treated with corticosteroids for 9 months, which improved the septal asynchrony
(Panel F).

The prognosis of cardiac sarcoidosis is poor if untreated and immunosuppressive therapy is needed at the time of diagnosis. In our
patient with early isolated cardiac sarcoidosis, the polar map of the peak excursion time on three-dimensional echocardiography enabled
us to easily recognize asynchronically contracting sites of the left ventricle, which is one of the regions most commonly affected by cardiac
sarcoidosis. This diagnostic tool has a potential to precisely screen for subclinical left ventricular dysfunction in early cardiac sarcoidosis.

Published on behalf of the European Society of Cardiology. All rights reserved. & The Author 2015. For permissions please email: journals.permissions@oup.com.

S. Kuramitsu et al.40



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


