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ABSTRACT

Background. Esophageal squamous cell  carcinoma
(ESCC) is an important cause of cancer-related death
worldwide. To improve prognoses in patients with ESCC,
we evaluated the potential of transforming growth factor-
beta-induced protein (TGFBI), which is overexpressed in
ESCC, as a therapeutic candidate.

Methods. We examined the clinical significance of TBFBI
in 102 ESCC samples using real-time RT-PCR. Immuno-
histochemical studies were conducted to examine the
localization of TGFBI. Knockdown of TGFBI in cocul-
tured fibroblasts was performed to determine the roles of
TGFBI in migration and invasion.

Results. The level of TGFBI in ESCC tissues was higher
than that in normal tissues. The high TGFBI expression
group (n = 16) had higher TGFB/ expression and more
frequent hematogenous recurrence than the low-expression
group (n = 86). High TGFBI expression was an indepen-
dent prognostic factor in patients with ESCC. TGFBI was
mainly localized in stromal cells of ESCC. Moreover,
suppression of TGFBI in fibroblasts inhibited the migration
and invasion capacity of TE8 ESCC cells.

Conclusions. High TGFBI expression in ESCC tissues
could be a powerful biomarker of poor prognosis and
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hematogenous recurrence. TGFBI in stromal cells might be
a promising molecular target for ESCC treatment.

Esophageal cancer is a common cancer worldwide, and
is associated with a very poor prognosis.'” In particular,
esophageal squamous cell carcinoma (ESCC) is the most
prevalent type of esophageal cancer, particularly in Asia.
Clinical indicators that predict progression and prognosis
in ESCC are essential for improving patient survival. In a
previous study, we found that expression of transforming
growth factor-beta-induced protein (TGFBI) was higher in
ESCC than in normal tissues, suggesting that TGFBI may
be a potential prognostic marker for ESCC.*

TGFBI is a secreted 683-amino acid extracellular matrix
(ECM) protein with four evolutionarily conserved fasciclin-1
domains and a C-terminal Arg-Gly-Asp motif.* TGFBI is
induced by transforming growth factor-beta (TGF-B) in
various human cell types.>® Morcover, TGFBI plays an
important role in a wide range of cellular conditions,
including tumorigenesis, comeal dystrophy, and diabetes.”™°

In tumor cells isolated from various types of cancers,
TGFBI functions as a tumor suppressor, and hyperme-
thylation of TGFBI has been observed in mor cells.'!=1
Moreover, TGFBI expression in the ECM has been shown
to induce better responses to paclitaxel via microtubule
stabilization in ovarian cancer cells.'® Additionally, in the
ECM, TGFBI has been shown to facilitate cancer
metastasis via promoting extravasation of colon cancer
cells.'” In renal clear cell carcinoma, TGFBI expression is
a promising prognostic marker.'® Therefore, TGFBI has
different functions in cancer progression, acting as an
oncogenic protein or tumor suppressor, depending on the
cell context.
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The purpose of this study was to clarify the function and
clinical significance of TGFBI in ESCC. To this end, we
used real-time RT-PCR to evaluate the relationships
between TGFBI expression and clinicopathological factors
in clinical ESCC samples. Morcover, we examined whe-
ther in vitro siRNA-mediated TGFBI suppression in
KMSTG6 fibroblasts influenced the migration and invasion
capacity in cocultured human TE8 ESCC cells.

MATERIALS AND METHODS
Patients and Tissues

Ninety men and 12 women diagnosed with ESCC were
included in the study. Cancerous and corresponding normal
esophageal tissues were obtained from the patients who
had undergone curative surgery at the Department of
General Surgical Science, Gunma University, between
1997 and 2009 (Table 1). Tissue samples were immedi-
ately frozen in liquid nitrogen and stored at ~80 °C until
RNA isolation. These samples were used after obtaining
written informed consent in accordance with institutional
guidelines and the Declaration of Helsinki.

Pretreatment clinical tumor stage was classified using the
seventh edition of the International Union Against Cancer
(UICC) TNM classification. The mean postoperative follow-
up period for the 102 patients was 37.3 (range 0.7-126.4)
months. None of the patients had received irradiation or
chemotherapy before surgery, and none had presented with
hematogenic metastases at the time of surgery. Postoperative
recurrence was diagnosed by diagnostic imaging [computed
tomography (CT), fludeoxyglucose-positron  emission
tomography/CT, endoscopy |, pathological diagnosis, and/or
clinical progress.

RNA Isolation and Quantitative RT-PCR

Total RNA was extracted using a miRNecasy mini kit
(Qiagen, Venlo, Netherlands). RNA was quantified using a
Nanodrop 1000 (Thermo Scientific, Wilmington, DE,
USA). Each cDNA was synthesized from 10 ng of total
RNA using an Omniscript RT kit (Qiagen) according to the
manufacturer’s protocol. For TGFBI and TGFBI mRNA
evaluation, quantitative real-time RT-PCR was performed
from 10 ng total RNA from each of 108 ESCC patients by
using the GoTaq® I-Step RT-qPCR System (Promega,
Madison, WI) according to the manufacturer’s protocols.
The mRNA levels of these target genes were then quanti-
fied using a LightCycler 480 instrument (Roche Applied
Science) with specific TGFBI primers (forward, 5'-GTGT
GTGCTGTGCAGAAGGT-3 and reverse, 5'-TTGAGAG

TABLE 1 TG#BI expression and clinicopathological factors in 102
ESCC paticnts

Fuctors TGFBI/p-actin

Low expression High expression

n =86 n=16 P value
Age (year) 64.6 4 7.9 63.4 4+ 5.7 0.59
Gender
Male 75 15 0.69
Female B 1
T factor
Ti, 2 30 6 1
T3, 4 56 10
N factor
Absent 30 4 0.57
Present 56 12
M factor
Absent 69 14 0.73
Present 17 2
Lymphatic invasion
Absent 8 1 1
Present 78 15
Venous invasion
Absent i6 5 0.31
Present 70 11
Stage
1 12 2 0.83
n 27 6
m 28 6
v 19 2
TGE-fu expression
Low 49 2 0.0019*
High 37 14
Recurrence
Absent 59 8 0.16
Present 27 8
Recurrence of lymph node metastasis (f)
Absent K 11 0.3
Present 15 5
Recurrence of hematogenous mctastasis (£
Absent 75 10 0.025%
Present 11 6

#* P < 0.05, f site of first recurrence

TGGTAGGGCTGCT-3") and TGFBI1 primers (forward,
5-CAGCAACAATTCCTGGCGATA-3 and reverse, 5'-A
AGGCGAAAGCCCTCAATTT-3"). The expression levels
were normalized to those of B-actin, amplified using spe-
cific primers (forward, 5'-CTCCTCCTGAGCGCAAGTA
CTC-3' and reverse, 5~ TCCTGCTTGCTGATCCACATC-3').
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Immunohistochemistry

Four-micron sections were cut from paraffin blocks of
ESCC samples. Each section was mounted on a silane-
coated glass slide, deparaffinized, and soaked for 30 min at
room temperature in 0.3 % H;O,/methanol to block
endogenous peroxidases. The sections were then heated in
boiled water and Immunosaver (Nishin EM; Tokyo, Japan)
at 98 °C for 45 min. Nonspecific binding sites were
blocked by incubation with Protein Block Serum-Free
(DAKO, CA, USA) for 30 min. An anti-TGFBI specific
antibody (Proteintech, Chicago, IL, USA) was applied at a
dilution of 1:100 for 24 h at 4 °C. The primary antibody
was visualized using the Histofine Simple Stain MAX-PO
(Multi) Kit (Nichirei, Tokyo, Japan) according to the
instruction manual. The chromogen 3,3’-diaminobenzidine
tetrahydrochloride was applied as a 0.02 % solution con-
taining 0.005 % H,0; in 50 mM ammonium acetate-citrate
acid buffer. The sections were lightly counterstained with
Mayer’s hematoxylin and mounted. Negative controls were
established by omitting the primary antibody, and no
detectable staining was evident.

Cell Lines

The cell lines HetlA, TEL, TE8, TE15, KYSE70, and
KMST6 were obtained from the American Type Culture
Collection (ATCC), the Cell Resource Center of Bio-
chemical Research, Institute of Development, Aging and
Cancer, Tohoku University, and JCRB cell bank. These cell
lines were maintained in Roswell Park Memorial Institute
(RPMI-1640) medium (Wako Pure Chemical Industries)
containing 10 % fetal bovine serum (FBS) and antibiotics
(100 U/mL penicillin and 100 pg/mL streptomycin) and
were cultured in a humidified 5 % CO, incubator at 37 °C.

RNA Interference of TGFBI

For TGFBI silencing, SMARTpool siRNAs consisting
of four pools of short-interfering RNA (siRNA) were
purchased from Dharmacon (CO, USA). Lipofectamine
RNAi MAX (Invitrogen, CA, USA) and TGFBI-specific
siRNA were incubated in 6-well microtiter plates. After
incubation, KMST-6 cells were seeded in the plates at
2.0 x 10° cellsfwell in a volume of 2 mL and incubated in
a humidified atmosphere (37 °C and 3 % CO»). Scrambled
siRNA was used as a negative control. The cells were
collected after 72 h for subsequent experiments.

Western Blot Analysis

Total protein was extracted from Het1 A, TE1, TE8, TE1S,
KYSE70, and KMST6 cells using PROPREP protein

extraction solution (Intron Biotechnology, Inc.). Total pro-
tein (10 pg) was electrophoresed through Nu-PAGE 4-12 %
Bis~Tris gels (Invitrogen) and then electrotransferred to
PVDF membranes using an iBlot Gel Transfer Device. The
membrane was blocked with 5 % skim milk, and anti-TGFBI
polyclonal antibodies (1:1,000) were used for TGFBI protein
detection (Proteintech). Anti-B-actin mouse monoclonal
antibodies (clone AC-74; Sigma) diluted 1:1,000 served as a
control. Bands were detected using ECL Prime Western
Blotting Detection Reagents, and band intensities were cal-
culated using an Image Quant LAS 4000.

Wound Healing Assay

TE8 (2.5 x 10%) and KMST-6 (1 x 10°% cells were
plated using a coculture model. TES8 cells were seeded in
24-well plates, and KMST6 cells transfected with TGFBI
SsiRNA were seeded in the upper chamber. After the
growing TES cell layers had reached confluence, a wound
was made by scratching a straight line using a pipette tip.
The cells were then washed twice and incubated with 10 %
FBS containing RPML We subscquently cvaluated the
closure or filling in of the wound at 24 h after wounding
using bright-field microscopy at 40x magnification. All
experiments were performed in quadruplicate,

Matrigel Invasion Assay

Invasion of TES cells was analyzed using Matrigel-coated
invasion chambers (BD Biosciences, Japan). KMST6 cells
were seeded in 24-well plates in RPMI containing 10 %
FBS, and TER cells were seeded in serum free media in the
Matrigel upper chamber. After incubation for 24 h, cham-
bers were removed, washed with phosphate-buffered saline,
and cleaned using cotton swab. The cells were then fixed in
methanol and stained with Diff-Quik stain (Sysmex. Japan).
The membranes were cut and observed under 40x magni-
fication using bright-field microscopy.

Statistical Analysis

Statistically significant ditferences were analyzed with
Student’s ¢ test for continuous variables and the Chi square
test for categorical variables. Survival curves were gencrated
according to the Kaplan-Meier method. The differences
between overall survival curves were examined using the
log-rank test. Univariate and multivariate survival analyses
were performed using Cox’s 'proportional hazards model.
Analysis of variance (ANOVA) was used to assess the sta-
tistical significance of in vitro assays. A probability value of
less than 0.05 was considered significant. All statistical
analyses were performed using JMP5.0 software (SAS
Institute Inc., Cary, NC, USA).
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RESULTS
Expression of TGFBI in Clinical ESCC Samples

TGFBI cxpression was examined by quantitative RT-
PCR in 102 curative resected ESCC tissues and corre-
sponding normal tissues. The expression of TGFBI in
tumor tissues was significantly higher than that of normal
tissues (P = 0.0014; Fig. la).

P =0.0014

To investigate protein localization of TGFBI in ESCC
tissues, immunohistochemical analysis was performed on
41 available clinical ESCC samples. Expression of TGFBI
was localized to the cytoplasm in ESCC (Fig. 2a). In five
cases (12.2 %, 5/41), expression of TGFBI in marginal
regions of primary ESCC was stronger than in the central
regions of ESCC and normal tissues (Fig. 2a). However,
most cases (87.8 %, 36/41) did not show TGFBI expres-
sion in squamous epithelial cells, including ESCC cells,

FIG. 1 Clinical significance of A B L0

TGFBI mRNA expression in Low-TGFBI-expression group

clinical ESCC samples. 1 0.9 (n=86)
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FIG. 2 Representative
immunohistochemical staining
of TGFBI in ESCC samples.

a TGFBI protein expression was
stronger in the marginal region
of ESCC than in the center
region (original magnification:
left panel, 100%; right panel,
200x). b TGFBI protein
expression was strong in the
stroma and ECM of ESCC, and
intratumoral neovascularity was
observed (original
magnification; 100%). Black
arrows indicate intratumoral
neovascularity
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and TGFBI was mainly expressed in stromal cells and the
ECM (Fig. 2b). Therefore, we examined the correlation
with TGFBI mRNA expression and TGFBI protein
expression in cancer cells and stromal cells. We found that
TGFBI mRNA cxpression in ESCC samples was not sig-
nificantly associated with TGFBI profein expression in
cancer cells of ESCC tissues (P = 0.45). However, TGFBI
mRNA expression in ESCC samples was significantly
higher in ESCC samples with positive expression of
TGFBI protein in stromal cells of ESCC tissues
(P = 0.038; Supplementary Fig. 1). On the other hand,
TGFBI expression in stromal cells and the ECM was
higher in stromal tissues of noncancerous squamous epi-
thelium and ESCC with intratumoral vascularity than in
stromal tissues without intra-tumoral vascularity (Fig. 2b
left panel; Supplementary Fig. 2).

Clinical Significance of TGFBI Expression in Patients
with ESCC

Clinicopathological factors differed significantly in the
high TGFBI cxpression group (n = 16). There was more
recurrence of hematogenous metastasis (P = 0.025) than
in the low TGFBI expression group (n = 86; Table 1).
TGF-f1 expression was positively correlated with TGFBI/
expression in this clinical ESCC sample set (P = 0.0019;
Table 1). With regard to overall survival (Fig. 1b), patients
in the high TGFBI expression group (n = 16) had a sig-
nificantly poorer prognoses than those in the low TGFBI
expression group (n = 86; P = 0.031).

Univariate analysis showed that T factor (P < 0.001),
N factor (P = 0.0085), and TGFBI expression (P =
0.048) were significantly correlated with overall survival
(Table 2). The multivariate regression analysis revealed
that inclusion in the TGFBI high-expression group [rela-
tive risk (RR), 1.47. 95 % confidence interval (CI),
1.03-2.05; P = 0.037] was an independent predictor, of
overall survival (Table 2).

Expression of TGFBI in Squamous Cell Lines
and KMST6 Fibroblasts

Next, we evaluated TGFBT expression levels in HetlA,
TE!L, TES8, TE15, KYSE70, and KMST6 cells by Western
blotting (Fig. 3a). TGFBI expression was detected in only
KMSTE6 cells. Therefore, we used KMSTG6 cells to analyzé
whether TGFBI suppression in fibroblast cells influenced
the migration and invasion capacities of human TE8 ESCC
cells during coculture.

TGFBI Knockdown in KMST6 Cells Suppressed
the Migration and Invasion Abilities of Cocultured TES
Cells

To determine whether TGFBI expression in KMST6
cells regulated cell migration and invasion abilities in
cocultured TES§ cells, we performed wound healing and
invasion assays. TGFBI knockdown in KMST6 cells was
validated by western blotting (Fig. 3a). We found that the
migration and invasion abilities of TES cells were sup-
pressed by TGFBI-dependent regulation of cocultured
fibroblasts (Fig. 3b and c).

DISCUSSION

In this study, we clarified that the expression level of
TGFBI in primary ESCC was higher than that in corre-
sponding normal tissues, which was consistent with the
results of a previous expression microarray study. We also
showed that the high expression level of TGFBI was an
independent prognostic factor in ESCC. Moreover, TGFBI
knockdown in fibroblasts suppressed migration and inva-
sion capacity in cocultured TE8 cells in vitro.

In this stidy, TGFBI mRNA expression in ESCC samples
was associated with hematogenous recurrence and poor
prognosis. To elucidate which cells were responsible for the
observed TGFBI mRNA expression, we examined the

TABLE 2 Results of univariate and multivariate analyses of clinicopathologicul factors affecting overall survival rates following surgery

Clinicopathological variable Univariate analysis

Multivariate analysis

RR 95 % CI P value RR 95 % Ci P value
TGFBI mRNA expression (low/high) 144 1.0-1.99 0.048 1.47 1.03-2.05 0.037
Age (<65/>65) (year) 1.14 0.85-1.52 0.39 - - -
Gender (male/female) 0.95 0.56-1.44 0.82 - - -
T factor (T1L,T2T3.T4) 5.18 2.15-15.35 <0.001 229 1.2-4.74 0.012
N factor (absent/present) 2.35 1.23-4.85 0.0085 2.31 1.18-4.94 0.013
M factor (absent/prescnt) 1.97 0.98-3.69 0.057 - - -

RR relative risk, CI confidence interval
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F1G. 3 TGFBI suppression in KMSTG fibroblasts reduced migration
and invasion abilities in cocultured TES cells. a Expression of TGFBI
protein was detected in HetlA, TEL, TES8, TEIS, KYSE70, and
KMST6 cells by western blotting. TGFBI expression was suppressed
in KMSTE cells wransfected with TGFBI siRNA. f-actin was used as
the loading control. b, ¢ Migration assay and invasion assay. The

relationship between TGFBI mRNA expression and locali-
zation of TGFBI in clinical ESCC samples. Our data
suggested that TGFBI mRNA expression was derived from
stromal cells of ESCC tissues (Supplementary Fig. 1).
Expression of the ECM-secreted protein TGFBI has been
shown to be induced by TGF-B, and the expression of this
protein in cancer cells can be upregulated in response to
several treatments, including common chemotherapeutic
agents, UV irradiation, heat shock, desferrioxamine,
hydrogen peroxide, and gamma irradiation.'®*® Morcover,
cellular stress, including reactive oxygen species (ROS),
induces the expression and secretion of TGF-f1 and TGF-
32, and abundant ROS in cancer cells and cancer-associated
fibroblasts promote tumor initiation, progression, and
metastasis.”’ Therefore, the expression and localization of
TGFBI in cancer cells and stromal cells may be regulated by
cellular stress-induced TGE-B signaling in ESCC tissues.>
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migration and invasion abilities of TES cells were suppressed by
cocultured KMST6 cells transfected with TGFBI siRNA compared
with that of control siRNA and parent KMST6 cells. The data
represent the mean == SD (P = 0.005 and P = 0.003 vs. control
SiRNA and parenial KMST6 cells, respectively)

Importantly, our data suggested that TGFBI may be a
promising prognostic marker and new candidate for tar-
geted therapy in ESCC. TGFBI has been shown to have
dual functions as a tumor suppressor and tumor promoter.
Interestingly, hypermethylation of the TGFBI promoter is
induced by mutant hepatitis B virus, conferring noncan-
cerous NIH3T3 cells with tumorigenic properties.”*
Moreover, TGFBI administration to model mice induces
antitumor and anti-angiogenic effects in the subcutaneous
tumor grafts.”> On the other hand, suppression of mela-
noma cell-secreted TGFBI proteins has been shown to
reduce metastatic potential and prolong the survival time of
mice bearing tumors derived from human melanoma cells;
therefore, ECM-localized TGFBI may be required for
metastatic outgrowth.?® Moreover, high expression of
cytoplasmic TGFBI in clear cell renal cell carcinoma is
associated with cancer progression and poor prognosis.'®
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Thus, TGFBI expression in cancer may be a powerful
prognostic marker and a new therapeutic target in several
tumor. types, despite some data demonstrating that TGFBI
acts as a tumor suppressor.

In this study, we found that most (90 %) ESCC samples
and all ESCC cell lines did not express TGFBI. Moreover,
TGFBI mRNA was mainly derived from stromal cells and
the ECM of ESCC tissues and was associated with hema-
togenous recurrence in ESCC. Hematogenous metastasis is
required to promote the metastatic cascade, including
angiogencsis and extravasation; however, it is unclear
whether the ECM-secreted TGFBI facilitates or suppresses
angiogenesis.*>*”* Tn our study, we found that TGFBI
protein was expressed in stromal tissues of noncancerous
squamous epithelium and ESCC with intratumoral vascu-
larity. Additionally, TGFBI knockdown in fibroblasts
reduced migration and invasive abilities in cocultured TES
cells. From these observations, at least in ESCC, we expect
that ECM-localized TGFBI may be a promising target for
therapeutic intervention against ESCC-inducing stromal
cells and for regulating the recurrence of distant metastases
thorough inhibition of the anti-angiogenic effects and
migration and invasion abilities of ESCC cells.

CONCLUSIONS

The expression of TGFBI in cancer tissues correlated with
poor prognosis and recurrence by hematogenous metastasis
in ESCC patients. In addition, the invasion and migration
abilitics in ESCC cells were regulated through TGFBI in
fibroblasts in vitro. Therefore, TGFBI expression could be a
useful predictor for poor prognosis and recurrence in ESCC
patients. Moreover, with respect to developing new molec-
ular cancer therapies, TGFBI expression in cancer stromal
cells may be a promising candidate to regulate recurrence of
distant metastasis in ESCC.
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The Japanese Association for Thoracic Surgery has con-
ducted annual surveys of thoracic surgery throughout Japan
since 1987 to determine the statistics regarding the number
of pracedures according to operative category. Here, we
have summarized the results from our annual survey of
thoracic surgery performed during 2012.

The incidence of hospital mortality was added to the
survey to determine the nationwide status, which has
contributed to the Japanese surgeons to understand the
present status of thoracic surgery in Japan and to make
progress to improve operative results by comparing their
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work with those of others. The Association was able to gain
a better understanding of the present problems as well as
future prospects, which has been reflected to its activity
including cducation of its members. Thirty-day mortality
(so-called “operative mortality) is defined as death within
30 days of operation regardless of the patient’s geographic
location and even though the patient had been discharged
from the hospital.

Hospital mortality is defined as death within any time
interval after an operation if the patient had not been dis-
charged from the hospital. Hospilal-to-hospital transfer is
not considered discharge: transfer to a nursing home or a
rehabilitation unit is considered hospital discharge unless
the patient subsequently dies of complications of the
operation. The definitions of the Ad Hoc Liaison Com-
mittee for Standardizing Definitions of Prosthetic Heart
Valve Morbidity of the Society of Thoracic Surgeons and
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Table 1 Questionnaires sent out and received back by the end of
December 2013

Sent vut Returned Response
rate (%)
(A) Cardiovascular surgery 601 583 97.0
(B} General thoracic surgery 802 777 96,9
(C) Bsophageal surgery 582 555 95.4

Table 2 Categorics subclussified according to the number of opera-
tions performed

Number of operations Category

performed - -
Cardiovascular General thoracic
surgery surgery

4] 39 41

1-24 46 92

25-49 99 92

50-99 163 193

100-149 86 134

150-199 60 197

2200 90 g

Tatal 583 777

Number of operations performed Esophageal surgery

0 86
1—4 99
5-9 81
10-19 105
20-29 48
30-39 35
4049 30
=50 71
Total 355
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the American Association for Thoracic Surgery (Edmunds
et al. Ann Thorac Surg 1996:62:932-5; J Thorac Cardio-
vase Surg 1996;112:708-11).

Thoracic surgery was clagsified into three categories—
cardiovascular, gencral thoracic, and esophageal surgery—
and the patient data were examined and analyzed for each
group, Access to the computerized data is offered to all
members of this Association. We honor and value all mem-
ber’s continued kind support and contributions (Tables 1, 2).

Abstract of the survey

We sent out survey questionnaire forms to the departments
of each category in all 1,986 institutions (601 cardiovas-
cular, 802 general thoracic and 582 esophageal) nationwide
in early April 2013. The response rates in each category by
the end of December 2013 were 97.0, 96.8, and 95.2 %,
respectively. This high response rate has been keep
throughout recent survey, and more than 95 % response
rate in all fields in 2012 survey has to be congratulated.

2012 Final report
(A) Cardiovascular surgery

First, we are very pleased with the high response rate to our
survey of cardiovascular surgery (97.0 %), which definitely
enhances the quality of this annual report. We very much
appreciate the enormous effort put into completing the
survey at each participating institution.

Figure | shows the development of cardiovascular sur-
gery in Japan over the last 26 years. Aneurysm surgery
includes only operations for thoracic and thoracoabdominal
aortic aneurysm, Pacemaker implantation includes only
transthoracic implantation and transvenous implantation is
excluded. The number of pacemaker and assist device
implantation operations is not included in the total number
of surgical operations. A total of 63,800 cardiovascular
operations were performed at 583 institutions during 2012
alone and included 28 heart transplantations, which were
restarted in 1999.

The number of operations for congenital heart disease
(9,558 cascs) decreased slightly (3.1 %) compared with
that of 2011 (9,859 cases), while there was 3.9 % increase
when compared with the data of 10 years ago (9,202 cases
in 2002). The number of operations for adult cardiac dis-
ease (20,913 cases in valvular heart disease, 16,752 cases
in ischemic heart disease, 14,944 cases in thoracic aortic
aneurysm and 1,663 cases for other procedures) increased
compared with those of 2011 in all categories (9.1, 7.5, 5.8
and 5.1 %, respectively). During the last 10 years, the

@ Springer

568




736

Gen Thorac Cardiovasc Surg (2014) 62:734-764

numbers of operations for adult heart disease increased
constantly except for that of ischemic heart disease (81.0 %
increase in valvular heart disease, 26.6 % decrease in
ischemic heart disease, 112.4 % increase in thoracic aortic
ancurysm, and 40.7 % increasc in other procedurcs com-
pared those of 2002). The concomitant coronary artery
bypass grafting procedure (CABG) is not included in
ischemic heart disease but included in other categories such
as valvular heart disease in our study, then, the number of
CABG still remained over 20,000 cases per year (21,569
cascs) in 2012, which is 89.4 % of that in 2002 (24,135
cases).

Data for individual categories are summarized in tables
through I to 7.

In 2012, 7,171 open-heart operations for congenital
heart discase were performed with overall hospital mor-
tality of 2.3 %. The number of operations for congenital
heart disease was quite steady throughout these 10 years
(maximum 7,386 cases in 2006), while overall hospital
mortality decreased gradually from that of 3.6 % in 2002.
In detail, the most common disease was atrial septal defect
(1,331 cases), however, its numbcer deceased to 71.7 % of
that in 2002, which might be due o the recent development
of catheter closure of atrial septal defect in Japan. Hospital
mortality for complex congenital heart disease improved
dramatically in the last 10 years such as interrupted aortic
arch with ventricular septal defect (13.9 % in 2002 to
3.6 % in 2012), complete atrio-septal defect (4.2 to 3.2 %),
Tetralogy of Fallot (3.8 to 1.1 %), transposition of the great
arteries with and without ventricular septal defect (14.0 to
3.2 % and 7.4 to 2.6 %, respectively), single ventricle and
tricuspid atresia (9.2 t0 5.5 9% and 3.9 to 0 %, respectively),
and hypoplastic left heart syndrome (37.9 to 10.2 %). Right
heart bypass surgery is now commonly performed (375
bidirectional Glenn procedures and 438 Fontan type pro-
cedures including total cavopulmonary connection) with
acceptable hospital mortality (2.1 % in each procedure).
Norwood type I procedure was performed in 130 cases with
relatively low hospital mortality rate of 15.4 %.

As previously mentioned, the number of operations for
valvular heart disease increased by 81 % in the last
10 years, and the hospital mortality associated with pri-
mary single valve replacement was 3.0 and 4.5 % for the
aortic and the mitral position, while that for primary mitral
valve repair was 1.3 %. However, hospital mortality rate
for redo valve surgery was still high and was 9.3 and 6.7 %
for aortic and mitral procedure, respectively. Finally,
overall hospital mortality did not show any improvement
during the last 10 years (3.1 % in 2002 and 3.2 % in 2012),
which might be partially due to the recent progression of
age of the patients. Repair of the valve became popular
procedure (484 cases in the aortic, 6,002 cases in the
mitral, and 4,947 case in the tricuspid), and mitral valve

@ Springer

repair constituted 28.7 % of all valvular heart disease
operation and 57.6 % of all mitral valve procedure (10,425
procedures), which are similar to those of the last 4 years
and increased compared with those of 2002 (19.5 and
34.9 %, respectively). Aortic and mitral valve replacement
with bioprosthesis were performed in 8,926 cases and
3,002 cases, respectively, with the number consistently
increasing. The ratio of prostheses changed dramatically
during the last 10 years, and the usage of bioprosthesis is
74.3 % at the aortic position (37.3 % in 2002) and 61.0 %
at the mitral position (24.2 % in 2002). CABG as a con-
comitant procedure jncreased gradually to 23.9 % of
operations for all valvular heart disease (12.1 % in 2002).

Isolated CABG was performed in 15,462 cases which
were only 71.5 % of that of 10 years ago (2002), however,
there was an increase of 8.5 % compared with that in 2011.
Among these 15,462 cases, off-pump CABG was intended
in 9,499 cases (61.4 %) with a success rate of 97.9 %, so
final success rate of off-pump CABG was 60.2 %. The
percentage of intended off-pump CABG was 55.2 % in
2003, and was increased to 6(0.3 % in 2004, then was kept
over 60 % until now. Conversion rate from off-pump
CABG to on-pump CABG of 2.1 % was just same as that
in 2011. In 15,462 isolated CABG patients, 96.5 % of them
received at least one arterial graft, while, all arterial graft
CABG was performed in only 23.5 % of them. -

The operative and hospital mortality rates associated
with primary elective CABG procedures in 13,004 cases
were 0.6 and 1.1 %, respectively. Similar data analysis of
CABG including primary/fredo and elective/femergency
data was begun in 2003, and the operative and hospital
mortality rates associated with primary elective CABG
procedures in 2003 were 1.0 and 1.5 %, respectively, so
operative results of primary CABG have been improved.
However, hospital mortality of primary emergency CABG
in 2,224 cases was 7.4 %, which was still high in spite of
slight improvement compared with 9.7 % of hospital
mortality rate in 2003. In comparison with data in 2003, the
results of conversion improved both conversion rate (3.1 to
2.1 %) and hospital mortality (8.5 to 5.1 %).

A total of 1,274 patients underwent surgery for com-
plications of myocardial infarction, including 413 opera-
tions for a left ventricular aneurysm or ventricular septal
perforation or cardiac rupture and 296 operations for
ischemic mitral regurgitation.

Operations for arrhythmia were performed mainly as a
concomitant procedure in 3,992 cases with satisfactory
mortality (1.8 % hospital mortality) including 3,771
MAZE procedures. MAZE procedure has become quite
popular procedure when compared with that in 2002 (1,141
cases).

Operations for thoracic aortic dissection were performed
in 6,266 cases. For 4,186 Stanford type A acute aortic
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dissections, hospitul mortality was 10.6 %, which was
similar to that in 2011 (11.1 %) and better than that in 2002
(15.5 %). Operations for a non-dissected thoracic aneu-
rysm were carried out in 8,678 cases, with overall hospital
mortality of 5.4 %, which was better than that in 2011
(6.7 %). The hospital mortality associated with unruptured
aneurysm was 4.0 %, and that of ruptured aneurysm was
22.2 %, which remains markedly high.

The number of stent graft procedures remarkably
increased recently. A total of 835 patients with aortic dis-
scction underwent stent graft placement: thoracic endo-
vascular aortic repair (TEVAR) in 723 cases, open stent
grafting in 109 cases, and unspecified in 3 cases. The
number of TEVAR for type B chronic aortic dissections
increased from 359 cases in 2011 to 492 cases in 2012. The

hospital mortality rates associated with TEVAR for type B
aortic dissection were 7.3 % in acute cases and 2.6 % for
chronic cases, respectively,

A total of 3236 patients with non-dissected aortic
ancurysm underwent stent graft placement with 18.8 %
increase compared with that in 2011 (2,725 cases); TEVAR
in 3,006 cases (23.6 % increase compared with that in
2011), open stent grafting in 226 cases (20.8 % decrease
compared with that in 2011), and unspecified in 4 cases. The
hospital mortality rates for TEVAR were 2.5 and 16.1 % for
non-ruptured and rupturcd ancurysm, respectively.

In  summary, the total cardiovascular operations
increased during 2012 by 3,516 cases, with steadily
improving results in almost all categories compared with
those in 2011.

Cardiovascular Surgery
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Table 1 Congenital (total; 9,558)
(1) CPB (+) (otal; 7,171)

Neonate Infunt 1-17 yoars 2z 18 yours Total
Cases 30-day mortalily Hospitdl  Cases  30-day murtality Hospital ~ Cases  30-duy mortality Hospilal  Cises  30-day mortulity Hospitast ~ Cases 30-day mortality Hospital
———  monality mortality ————— mortality morality mortality
Rospita) After Hoswpital  Alter Hospital  Alter Hospital — After Huspital  Alter
discharge discharge discharge dischurge discharge
i PDA 15 M 0 0 2 0 0 0 4 0 0 0 k2] 1002 0 1.2 45 1en o 1422
2 Coaretation (simple) 7 0 [ 0 13 o 0 0 17 0 o G 7 0 0 0 440 0 o
3 +VSD 32 216.3) 0 2(6.3) 34 o 0 0 8 0 0 [ 2 Q 1] 0 76 226 0 2(2.6)
4 +DORV 20 0 1 (0.0 30 0 0 EE ) 0 o (] 9 0 700 o 1014.3)
5 +AVSD 5 ¢ I\ 0 4 o 8 ¢ 1 o 0 o o 0 o 0 o O o
6 +TGA 3 1(33.3) 0 10333 3 [ ) 0 | 0 0 0 0 0 o 0 71043 0 F(14.3)
7 +8V 9 24222) o 24222 7 [ 0 o 4 0 0 0 0 0 0 0 20 2000, 0 2 (10.0)
8 +Others 2 0 ) 0 5 i U 0 4 0 0 0 1 i H [ 20 0 0
9 Interrupt. of Ao (simple) 1 a 0 0 2 Lo 0 1(30.0) 2 0 0 a i 0 0 ] 6 1167 0 1067
10 +VsD 25 2(8.0 0 248.0) 16 o (] 0 4 o [ 0 10 0 0 [ 55 2046 0 243.6)
n +DORY 3 1(33) [ 1433.3) 4 0 0 0 2 0 0 0 0 0 0 0 g Tdrn 0 AL
12 +Truncus 2 1¢50.0) i 1(50.0) 2 o G 0 0 0 ] 0 0 0 0 1] 41250 0 14250y
13 41GA 2 0 ) o 1 [} 0 0 0 0 [ 0 0 [l ¢ 0 K1) 0 0
14 +Others 4 0 0 0 10 Laeo 0 1100y 2 0 o o 1 [} 0 [ 17 1(59) 14 159
15 Vasculur ring, 4 o 4 o 4 0 0 0 3 0 0 0 0 0 0 0 700 0 0
16 PS I 0 0 o 15 o 0 0 14 0 0 0 4 0 0 1(35.0) 40 0 [JeX))
17 PAIVS or critival PS 12 Y 0 0 50 R0 0 1Ry 55 0 0 0 2 0 o 1(50.0) 19 108 0 2017
1% TAPVR 126 LEE AN 9 154119 49 12 2408y 24 8 o Q O [} o a 1 IR 108 20.0 [YACH
19 PAPVR & ASD 0 0 o 0 4 o ) 0 52 0 [ 0 29 0 o 0 8 0 0 0
20 ASD n 1{9.h) i 100 54 0 0 U o3 0 0 0 573 203 10.2) 2w 1331 302 (0.08) 302
21 Cor riatrigum ] 0 0 o i3 20154 0 2(15.4) 3 0 o o 4 0 0 ] 21 295 0 2095
22 AVSD {panial) 1 1m0 0 1¢100.0) 9 E(53) 0 F(5.3) - 0 0 0 13 0 0 0 73220 [ 229
23 AVSD (complete) 4 " Q 1(25.09 108 54,61 0 500 69 o 4] 0 4 0 0 0 185 527 0 6(.2)
24 +TOF or DORV [ 0 0 [ 6 raesn o 2(33.3) 21 o 0 0 3 0 0 0 30 133) o 2(67)
25 (rhers 1 0 0 0 10 raom o0 100y 8 0 @ o 1 0 0 o 20 145, 4 1450y
26 VSD (subartcrialy 3 0 0 [ 128 0 0 0 197 o [ 0 29 0 0 0 57 0 0 0
27 VSD (perimemb. 10 0 0 [} 70 0 140.13) [ 390 n 0 ] 90 n 0 i L0 o 1i0.3) 0
muscutar} .
W VS 4 PS [ ] 0 M0 (1] 0 B0 4 o 700 [ 1 7% 0 0 0
29 DCRV % VSD 20 0 0 16 0 0 0 9 0 0 0 9 0 0 0 7 0 0 0
30 Ancurysm of sinuy 0 o ] 0 6 0 o U 1 ¢ 0 0 24 ) o 0 o 0 0
vatsalva
3 TOP 15 16D 0 16,7y 168 0 0 ] B 20, 0 2¢0.9) 2 0 0 209.0 436 307 0 S(Lb
32 PA <+ VSD 4 0 0 0 kL] 1(1.3) 0 1{1.3) 125 324 o 50y 9 o 0 Q 26 4019) 0 6(2.8)
33 DORY 17 1.9 Q 169 91 1LY 0 333 12 2.8 0 2(18) 3 14333 0 1333 223 522 0 730
3 TGA (simphe) ot 2Qm o 330 12 a 0 [t} 0 @ a o 4 0 o ] uzo2(Ln 0 3o

SEL

79 (£10T) SInS 2SLAOIPIED) DRIOY], U
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Table 1 continued

Neonate Infant 117 yeass 218 yeans Forat
Cascs  30-day mortality Hospital ~ Cases  30-dhay mortality Hospital  Cases  30-day movtadity Hospital  Casos 30 day mortality Hospitd  Cases  3hday mortality Haospital
monality motaliy morality monnstiny monaliy
Hospital  After Hospital Allter Hospital  Alter Hospital  Alier Hospital  Adier
discharge discharge discharge discharge discharge

35 +VSD 44 123 0 123 17 169 f 159 20 a a o 0 9 03 23 L 2432
36 VSD + PS + 0 0 0 8 O 0 0 % 0 il o 20 i 4 40000 i o
37 Corrected TGA 2 0 o 0 o0 o o 42 is i Fiddy B0 0 0 68 1L & 1iL5y
38 Truncus arteriosus 4 0 [ 0 26 200D 0 RESE ] 2 v o i 10 [ ¢ 43 26 o 304
39 sV 27 5(18.5) 0 82060 29 74 o 1 {50 22 LS o 9{3.21 2 2495 n 29.5) M9 O3 D ESEEH
40 TA 2 0 0 0 I a 0 0 53 0 a [ 50 0 0 w0 o o
41 HLHS 45 e 0 10222 130 185 10T IS{ILS 0 0 Q ] L 0 6 215 LREE RS 2540
42 Aortic valve lesion 7 3z o 329 16 ¢ o o (AR ERC] o 360 [L R R o L3 HY 7460y o Ty
43 Mitral vadve Jesion 2 1(50.0p 0 1 (50 56 0 i 2(3.6) RA BT i FiLd) Moo o o 147 LY o 4Qmn
44 Ebstein 10 L (100 [ 1(10.0) 17 159 0 1391 310 g o 7o i o W28 o 209
45 Coronary disease 0 4 o o . oo o o 6 v 0 3o L o 0 o 1
46 Others " 0 0 1494} 27 3duh 0 jann 3 2459 a 245.9) o0 o ] 86 5438 o 647.0)
a7 Redo VSD o 0 [ 0 6 0 o 0 w o 0 0 70 0 o 30 o iy
48 BS refease 0 i [ 0 3 ¢ 0 o 200 o o 230 o o 30 a i
49 RV-PA conduit replsce 0 [ 0 o 30 o 0 68" 1S 0 HLS) oo [ 11591 88 HLh o 2i2n
50 Others 1 0 [ o 62 6.7 ) TaLxh 121 200 o 433 46 12 i e 3 943w i 1285
Total S50 45(7.8) O S8(100) 2303 4700 4017 6326 3105 2007 0 WLy 1093 ROT) Hin 130 7 121aT S 164 (2.3)

Values in parenihesis represent morsality %

CPB cusdioputmonary bypass, PDA paticat ductus asteriosus, ¥SD ventricular septal defect, DORY double outlet right ventriele, AVSD wirioventricular septal defict, TGA trunsposition of great srteries, SV single venricke, Irreraps. of do., intermupted sontic arch, PS
pubmonary stenasis, PA-IVS putmonary atresia with intact ventricular septum, TAPVR total snomaloas pulmonary venous retum, PAPYR partial anomatous pulmonary venous fetum, ASD atrial septat defect, TOF tewalogy of Fatlt, DCRV double-chambered right ventricle,
TA wicuspid atresiv, JILIS bypoplastic Teft beawt syndrome, RY-PA sight sentricle-pulmuoniry urtery
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Table 1 continued
(2) CPB (—) (total; 2,387)

Neonate Infant £-17 years Z18 yours Total
Cases 30-duy miorkdity Hospital ~ Cuses 30-chty mortality Hospital ~ Cuses  30-day mortality Hospitet Cases  30-day mortality Hospital ~ Cases  30-dty murtality Hospital
mortality martafity mortality ———— mortality moriality
Hospital  Afher ospial  After Hospial  After thospital  After Tiospital  Alter
discharge discharge discharge discharge discha
1 PDA 358 2(0.6) o 308 225 o 0 2(09) 46 i 0 [ 1 ] ] 0 630 203 0 508
2 Coarctation {simple) 21 o o i 14 0 o 0 4 0 0 0 t 0 0 o 40 o 0 o
3 +VSD k] 1@6) 2.6} 1.6} 26 1(3.8) Q 138y 0 0 0 0 0 0 0 0 64 2430 1 (L6} 2.0
4 +DORY 5 o [} 100 2 o 0 o Q 0 o 0 0 o 0 ¢ ? o 0 T(43)
5 +AVSD 51 0 1Q00) 0 0 0 o 0 0 0 0 0 0 o 0 5 100 0 i
6 +TGA 7 0 3 ¢ 0 0 0 o 0 0 0 [ 0 o 0 o 7 o 0 0
7 +8V 5 0 0 0 2 0 0 o 0 0 0 0 0 0 0 o 7 0 0 0
8 +Others 4 0 o 0 2 0 0 0 0 o 0 o o 0 o 0 6 0 0 v
9 Interrupt. of Ao (simple) t [ o 0 0 o 0 [ i} 0 0 n 0 0 o @ 1 0 0 0
10 +VSD 2 o o 1(1.8) 5 0 o [ 2 [} o0 0 0 0 0 0 28 [ o 136)
n +DORV 4 125 0 2(3ty [ 0 0 o 0 0 0 0 0 0 0 [t 4 1 (25) 0 2060
12 4Truncus 3 .0 0 0 0 0 0 o 0 [} 0 0 0 0 [ 0 3 0 0 0
13 +TGA 2 o 0 0 i 0 0 0 0 0 0 4 o [ « v 3 0 0 0
14 +O0hers 7 o o 1¢14.3) 0 0 o o 0 0 0 0 0 0 0 H 7 [ 0 P43
15 Vascolur ring 1 0 o o 12 [RCRG) o 1R 9 o o © o i o 0 2 Y A5y 0 FRE R
1% PS 0 0 o o 1 0 o 0 a o O 0 0 0 0 0 1 0 o 4
17 PAIVS ur eritical PS 30 (0 o 3 (o, 26 0 0 0 3 [ ] 0 2 0 0 0 6} 3.9 0 3149
18 TAPVR t 4 [ o 2 0 0 o 0 0 0 L o 0 a o 3 0 il 0
19 PAPVR & ASD 0 0 o [ 0 0 0 o 0 o 0 0 1 0 0 0 1 0 0 0
20 ASD 0 4 0 l) 0 0 0 [ 12 0 0 0 Is 0 o o 27 0 0 0
21 Cor triatriatum 0 0 [} ¢ 0 0 o 0 0 o 0 o0 o 0 a n Q 0 0 0
22 AVSD (pattial) 2 0 o o 4 o ] [ 1 0 0 v 0 0 o 0 7 ¢ 0 0
23 AVSD (complete) 32 0 [ [} o8 o 0 1 (1.5; 4 o 0 0 0 0 0 0 ) 0 o 1.0y
2 4TOF or DORV 3 0 0 o 13 17 0 IRYA)) 6 i [ o 0 0 o 0 n L5 0 1615
25 +Others 3 1333 0 1333 4 0 [ o 2 0 0 0 0 0 0 4 1ary o rany
26 V8D gsubarterial) 2 [ [ o 1 @ 0 [ 2 0 ¢ o 2 0 0 0 7 o 0 0
X1 VSD (perimemb./muscutar) 38 4 1] 0 ni 109 4] 3@ s 0 0 0 t 0 0 [ 161 1 (0.6) it Iaym
2B VSD+PS 0 0 3] 1 1 0 0 1 o o @ 0 o 0 o o 1 o o o
29 DCRV & VSD 0 0 U 0 o [} 0 0 ¢ v [ 0 0 0 [ o o 0 0 0
30 Ancurysm of sinus valsalva ] [} 0 o o 0 [ o 0 0 a 0 I n o 0 2 o 0 n
31 TOF 24 o o 0 100 220 0 20 13 i 0 4 4 0 o 0 141 2014 0 2(h4
32 PA ¢ VSD 26 o o 0 83 0 4] ¢ 5 0 O 0 i 0 o [ 125 0 0 0
33 DORV 27 o [ 0 55 18y 0 203.6) 2] 0 0 0 2 o o 0 98 Ham o 220
3 TGA simpley 7 0 a 0 ¥ o [ o I i 0 i i 0 1] ¢ 0 0 o 0

orL
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Table 1 continued

Neonute Infant 117 years & 18 yeurs Total
Cuses  30-duy mortality Hospital  Cases  30:-day mortality Hospital  Cases 30-day monality Hospital  Caves 30-day monality Hospital  Cases 30-day montality Huspiial
mortality mortality magatity mogtaliny mortality
Hospial  After Hospital  After Hospital  After Hospitd  Alter Hospital  Afler
discharge discharge dscharge discharge discharge
35 +VSD 7 0 o o i 0 0 o o 0 ¢ 0 o [ o o 0o i 0
36 VSD 4 PS Y TaLn o bnh 500 [ o 2 [ 4 o @ 4 o 0 16 6% i 16n
37 Comected TGA 8 0 o o 18 166 0 156 4 0 o o Q o 0 [ 30 1By 0 FRERS]
38 Trubcus arteriosus 20 0 4 L0 P ¢ 0 3 0 4 o o 0 o w0 i FNER ]
3 sV ” 228 0 3y ELE R ] 0 35 21 18 o 1 3 1333 0 14333 183 543y @ Ba
40 TA 18 0 [} 4 20 0 o 0 12 o 0 L] 1 9 o o 5t 0 o o
41 HLHS 81 2025 ¢ 3Gn 90 G 4 3 o 0 0 0 o o v w32 0 EREA)
42 Aortic vadve lesion 4 o o o 20 o a E o & o 2 o o o 20 g @
43 Mital valve lesion 0 0 o Y 0 0 4 o 1 0 0 i 0 i o o 0 [ o
44 Ebsicin 6 1167 0 2(333) 4+ 0 o [ H 0 o L] 3 0 o o o o 2(43
45 Coronary discase 1 L{00m 0 1000y 0 0 iy 0 2 0 i o 1 o 0 0 4 125 0 1250
46 Others h21 14 0 §(42) 65 1(L5) o E(L3) 75 13y 0 i 23 o o o 87 316 a ERREO]
47 Redo VSD 0 o 0 0 30 0 G 6 ¢ o o 1 o o o R 0 0
48PS refease 0 o 0 0 o 0 o il 1 0 0 i [ o o o EI ) o o
49 RV-PA conduit o 0 0 0 0 0 o 0 [ ] o 0 0 i o o o 0 o o
replace
50  Others 18 0 ] 1{5.6) % 0 0 [ 45 o o o 16 1463 0 163 s 1o 0 2417
Total 946 17 (1.8) | RUNS TEy, s wam o 1808 351 24068 o 2 82 228 o 204 2387 3L 1oy RERNR )

Values in parcnthesis represent mortadi

CPH cardioputmenary bypass, PDA patient ductus arteriosu, V1) ventricular septal defect, DORY double vutlet right ventricle, AVSD aoventricular aeptal defect, TGA transposition of great arteries, SV single ventricle, lterupt, of Ao. interruptad sostic arch, PS
pulmonasy steavsis, PA-IVS pulionary alresia with intact ventsicular septum, TAPVR totad anomalous pulinonary venous retusn, PAPVR putial anomalous pulimonasy vepvs retusm, ASD airial septa defect, TOF tetnulogy of Fallot, DCRY double-chainbered right ventricle,
TA tricuspid acresia, HLHS hypoplastic left heart syndrome, R¥-PA right ventricte-pulmaonary artery
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Table 1 continued
(3) Main procedure

Neonate: infant 117 years 218 years. Totat
Cases  30-day mortality Hospital  Cases 30-day mortality Hospital ~ Cases  30-duy mortality Hospital ~ Cases  30-duy mort; Hospital  Cases  30-day mortality Hospital
mortality monality ————  mortality martality merer——ee——  montality
Howpital  After Hospitah  After Mospial  After Hospital  After Hospital — Alter
discharge dischurge discharge discharge discharge
ISP shunt [ECIE Y2} 0 9453 428 9@an 0 1228 5 1an 0 1L L 0 0 0 654 15QH 0 2034
2 PAB s edmn 0 08 W/ Iay 0 5.0 150 ] o 2 0 ] 0 62 suh 0 1524
3 Bidircctional Glenn or [ 0 ] 25 623 0 06 0 0 209 4 0 o 0 35 6oy 0 821
hemi-Fontan £ «
4 Damus-Kaye-Stunse] 4150 0 2 4502 0 2 a0 0 0 Q 0 0 o 3@y 0 487
operation
5 PA rconstruction/repair 9 0 0 0 9 1de 0 220 108 0 [} 109 18 0 0 LE6) 23 @) 0 ERTRG
{including redo)
6 RVOT reconstruction/ 6 2025 0 2(2% 07 0 0 L9 B 209 0 209 1 a 0 a 3 oda o 5013
tepair
7 Rastelli procedure 3 1@y o0 1(333) 4 2¢s 0 265 108 2049 0 s 10 0 0 [ 165 530 0 6 (3.6)
8 Anerial switch procedure 154 5 (32 0 2 16E» 0 [JCR] 6 0 ] ] o 0 0 o [EXI RS [ 94y
9 Atriah awitch procedure 40 0 0 L] 0 ] 20 [ o 1 [ 0 a 70 0 0
10 Double switch procedure ) 0 [ ] ] [ noo 0 0 [ 0 o a Hooo 0 ]
11 Repair of anomalous [ o 0 6 0 0 0 [} o 0 7 0 0 [ %0 o [
origin of CA
12 Closure of coronary AV 0 0 ] 0 [ 0 0 s 0 0 L00p 24 0 0 o w0 0 133
fiswla
13 Fonuan/TOPC [ 0 0 30 [ o am - 4am 0 6¢LS) 26 21 0 A0LH A8 64 0 Y2y
14 Norwoud procedure 42 890 1@e 76D M’ 700 0 Hdh 16 100 0 20200 0 0 0 0 130 16(123) L8 20(154)
15 Ventricular septation 00 0 o 726 0 2(28.6) 40 0 0 ' 0 0 o 2 206D 0 2067
16 Leftside AV valve repsir 0 0 0 0 66 1¢15 0 1 (L5} 63 16 0 16 N 1oy 0 1Oy 10 3@an 0 EXXTY
tnetuding redo)
17 Left side AV valve 1orae o 1 (100) 15 16D 0 1(6.7) 4 269 o 2049) 20 0 ] a [N E % TR 1(5.2)
rephice (including redo)
18 Right side AV valve 20 [ 0 [E ] 0 [ M0 0 0 30 o 0 0 %0 o 0
repair Gncluding redo)
19 Right side AV valve 00 [ o (I ] 0 6 0 0 o 8 0 0 0 15 0 0 0
replice Gnchuding redo)
30 Common AV valve wepair 2 15005 © 1(50.0y 3 s4n 0 5047 19 41@3H 0 [REX) ' 0 0 o s6 1328 0 7123y
(including redoy
21 Common AY valve 2 1¢0m 0 1(50.0) 6 1aeTn 0 1(16.7) 5 0 [} 128 3 0 0 o 9 2005 0 358
replice (including redo)
22 Repaiv al supr-aortic [R ] o a 6 1gen o a6 9 Lk 0 a6 0 0 o 6 20258 0 2025
stenosis
23 Repair of subaortic i LA o 1 ¢100.0) 70 0 L)y w0 O 0 4 8 0 a 48 2 0 24
stenasis (including
reda)
24 Aonic valve 30 0 0 1”0 0 1 (83} 20 o 0 4 0 0 0 $Bo0 [ (N2}

plasty =L VSD closuse
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Table I continued

Neonate Infunt 1417 yeuns 218 years Total
Cuses  30-duy mortatity Hospital  Cases 30-day mortality Hospital  Cuses 30y mortality Howpital  Cases 30-duy meostadity Hospital - Cases 30-day mestality Henpital
——————  monuality snorality e mrottality moratity monality
Hospital  After Hospital  After Hospial  Aftec Hospital  After Hespital  After
discharge discharge discharge discharge discharge
25 Aortic valve replucement [ it 0 0 20 [ o 2 0 o o 23 o o o 470 i O
26 AVK with annufar t o ¢ a 30 ¢ o i3 0 1y a o rg16s o 14167 22 13 o 1433
cenlargement
27 Aonic root replace o 0 o o LU o 0 [ o o 5 o 4 0 1m0 i o
{except Rossy
28 Rosy procedun: o o o 0 i 0 0 0 w0 o o 1 0 o ] [EI ] o 0
Total 776 324 1on 43 (5.5 1521 428 0 553.6) 1398 13ap 0 2Ly 7 418 o 61260 3922 w324 1003 128 ¢3.3)
Values in parcnthesis represent moraity %
$P systetic pulimonary, PAB pulimonary urtery banding, P4 pulmonasy artery, RVOT right ventricular outflow tract, CA coromary artery, AV fisstuli fiswla, TCPC totad AV valve valve, ¥SD ventricalar septal defict,

AVR nortic valye seplacement
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Table 2 Acquired (total, (1) + (2) + (4) + (3) + (6) + (7) + isolated ope. for arrhythmia in (3); 39,177
(1) Valvular heart disease (total; 20,913)

Valve Cases  Operation 30-day mortality Hospital mortality Redo
Mechanical  Bioprosthesis  Ross Repair  With  Hospital After discharge 30-day mortality Hospital
procedure CABG — - - - mortality
Replace  Repair  Replace Repair Replace  Repair  Cases Hospital  After
discharge
Isolated A 9,088 2,219 7,074 3 392 2,316 18920y 6(1.5) 9. 0 275 (3.0) 6(L3) 365 20085 0 349.3)
M 4,617 721 847 0 3.049 773 45(29)  23(0.8) 10y 2(00) 745 41(13) 356 1439 0 24 (6.7)
T 312 9 92 211 42 550 209 0 0 8(1.9) 5(24) 66 230 0 6(9.1)
P 18 0 15 3 Lo 0 0 0 0 0 10 0 0 0
A+ M A 1,380 444 882 0 54215 65 “.7) 0 96 7.m 100
M 303 383 &} 694 8§30 0 1 (1LO)
A+T A 400 110 281 1 8 45 15 (3.8) 0 29 7.3) 55
T 3 23 [ 374 2336 0 5¢9.1)
M+ T M 3388 634 925 1,829 294 65 (1.9 0 Ell Q.7 274
T 6 50 3,332 14¢5.1) 0 26 (9.3)
A+M+T A Lo4o 321 689 0 30 173 3.6 0 51 4.9 76
M 262 348 0 430 43 0 5 (6.6)
T 0 9 1 1,030
Others 70 18 38 0 16 5 3 (#.3) 0 3 4.3) 7 1(143) 0 1(14.3)
Total 20,913 5,050 11,656 5 11,452 3808 455 2.2) 12 676 (3.2) 1,309 65(5.0y 0 112 (8.6)

Number of redo cases is included in total case number of 18,713
Values in parenthesis represent mortality %
CABG coronary artery bypass grafting, A acrtic valve, M mitral valve, T tricuspid valve, P pulmonary valve

trL
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Table 2 continued
{2) Ischemic heart diseasc (total, (A) + (B) + (C);

(A) Isolated CABG (total; (a) + (b); 15,462)
(a-1) On-pump arrest CABG (total; 3,749)

16,752)

Primary. clective Primary, cmergency Redo, chective Redu, emergency Aneriad geaft Ancry VG Onben
only praftE SV only
Cases. 30-day manality Hospitat Cases 30ty morality Hospitat Cases 3-day martality Hasgital Cascs 3-day montaliny Hospial
mottality mortality wmostality mnonadity
Hoopital Alter Hinpital Afer Hospital After Honpitad
dischiarge discluarge divcharge
VD 79 N o 13 0 2 (HHn 0 2 {104 2 0 o o o 0 o 1) iy 6 29 Ll
VD 454 440.9) 0 Sin 4 2145 0 25y 10 14100y o [RS(i0] 4 24500 o 24300y i 367 34 0
KA 1,648 13 (8} 0 17 4. 203 1209 L] 14 (6.9 12 0 0 Ll o Ll o iy 13 1441 4 o
LMT Loos 16 (1.6) 4 204245 255 134845 o 1707 4 2¢1435 “ 24143 1 FRE i) L Lgtonoy i3 FECSH 47 9
Uncertain 4
Totl 3,184 EXESRE o 4314y 522 29 (5.6) 3567 kL EETA ] EXVR) 5 3 3y 455 EREE) 50 o
Kawasahi W 0 o o 1 0 0 0 0 © o o o 13 0 a T 4 1] o
Hemodiatynis 193 EREX Y o B b £ 91225) o 1025.0) 4 o o o 2 i 0 0 13 a7 9 0
Values in pareothesis sepreseat mortality &
LMT includes LMT alone or LMT with other branch diseises, CABG coronary sriery bypass grafting, JVID vne-vense] disease. 2VD ino-sessel discuse, 3VD thyve-vesse! divease, LMT Jelt main tunh, SVG saphenons veia praft
(a-2) On-pump beating CABG (total; 2,214)
Primary, elective Prirary, eniergency Redo, elective Redo, emergency Aserial Anery SVG  Othens
graft oty 2aft 1SVG only
Cases  30-day mortlity Cases  30duy mortality Hoopital Cases  3-day morality Hospital  Cases 3y mortality Hlospital
e mortafity monality monality
Hospital After Hospital Alter Hospital After Hospital After
discharge discharge discharge discharge
VD 23 o 0 1.3y 14 o ] 1t 4 o 0 1 4 14250y 0 2(5040) = 3 1% o
2vD 05 209, [ 642.6) 65 7008 o 7(108) n 1O 0 Lo 3 0 0 o 65 RS ) '
VD 805 8.0 11y 16 (20) 21 20 9.5) 0 ERIEE T 0 0 183 1 o o [ w7 889 33 [
LMT 550 407 0 9 (1.6) 264 2002 108 36036 10 0 0 0 2 o ) 0 139 639 5% o
Total 1613 1409 320 554 5449.7) 2030 37 [RER) 2454 10 11100 2200 33 1,756 124 1
Kawasaki 10 o 0 i ] ] 0 o [ 0 a 0 0 o o ' l o 0
Hemodialysis 158 2413 0 851 46 5009 [ 51109) 3 0 0 1y 3 0 o [ 18 176 16 o
Vulues in parcathesis represent mortality %
LMT includes LMT alone or LMT with ofhier branch discascs. CABG coronary artery bypuss grafting, VD one-vessel disease, 2V two-vessel discase, 3VD three-vessel discase, LMT left main tunk, $VG saphenous vein graft
(b) Oft-pump CABG (total: 9.499)
(The present section also includes cases of planned off-pump CABG in which, during surgery, the change is made to an on-pump CABG or on-pump beating-heart procedure)
Primary, elective Priwary, emergency Redo, elective Redo, emergeocy Anerial Artery SVG  Othens
graftenly  gfteSVG only
Cases  3-day morcality Hospial  Cases  30-day morality Hospital Cases  30-day moctality Hospital  Cases  3-day morality Hospitat
mortality mortality montality mortatity
Hospital Alfter Hospital Alter Hospital Alter Hospital Alter
discharge discharge discharge discharge
o 582 102 0 6 (L0 67 2030 0 EREE) 10 v 1 o 8 0 o 0 590 48 59 o
2D L84 604 0 12(08) B35 302 0 537 18 a0 201D s 0 0 0 830 961 41 o
3vD 3645 O3 11003 3109 300 14036 o 21454 2 o 0 0 3 G330 11333) m 322 61 2
LMT 249 MWwe 0 2410y 57 2340 0 EIRCE 24 0 o 0 6 1aen o 14167 855 2161 75 0
Total 8207 RO4  1E0D 7309 LI66 A28 60 (5.1 104 2419 209 2 200 209.0 2847 6.391 236 2
Kawasaki 6 0 [ 0 10 0 v ' 0 0 0 0 0 0 0 7 1 0 0
Hemodialysis 659 7(LD o 1523 93 10a06) 0 17480 10 0 o 0 o o o o 163 581 1 o

Values in parenthesis represent monality %
LMT includes LMT atone or LMT with other branch diseases. CABG coronary uriery bypass prafting, 730 one-vessel disease, 2VD two-vessel disease, VO three-vesse! diseuse, LT Teft main trunk, SVG saphenous vein graft




