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109 Participants as of 9. 16. 2013
40 US States, 3 Canadian Provinces
1 International-Turkey

The first historical study of quality assessment in the medi-
cal field was reported by Ermest Amory Codman, MD, of
Massachusetts General Hospital in 1920. To support his ‘end
results theory,” he made public the results of the review of
his own hospital in a privately published book, “A study in
hospital efficiency,” in which he emphasized the importance

of patient follow-up and quality assessment. He helped to
found the Hospital Standardization Program, which eventually
became the Joint Commission on Accreditation of Healthcare
Organizations in 1987, and the Joint Commission in 2007,
with the motio ‘Helping Health Care Organizations Help
Patients.’

From the 1970s through the 1980s, the rapid increase in
medical lawsuits and the medical malpractice insurance crisis
promoted risk management of medical practices in the United
States. In 1989, the Society for Thoracic Surgeons (STS)
started to establish national databases [1] as an initiative to
improve quality and patient safety among cardiothoracic sur-
geons and to respond to strong public opinion about the im-
portance of accountability. In 1997, an initiative was begun to

Fig. 1. The Society for Thoracic Sur-
geons National Database: the Conge-
nital Heart Surgery Database partici-
pants (http://www.sts.org/sites/default/
files/documents/congenitalMap.pdf).

improve data quality and auditing, and staff were hired to
support these efforts. In the STS Congenital Heart Surgery
Database data specification, (http://www.sts.org/sites/default/
files/documents/CongenitalDataSpecsV3_22.pdf), the Patient
National Identification (Social Security Number) is listed, but
this field should be collected in compliance with state/local
privacy laws. The STS National Database complies with the
Health Insurance Portability and Accountability Act, and the
federal government protects the STS National Database.

In 1998, the STS contracted with the Duke Clinical
Research Institute (DCRI) for data warehousing and data
apalysis. In 1999, the Institute of Medicine published a report
titled “To err is human: building a safe health system,” which
stated that 44,000 to 98,000 persons die in hospitals as a re-
sult of medical errors that could have been prevented. This
report led worldwide health policy organizations to introduce
initiatives for patient safety.

Today, the management of the National Database is one of
the most important tasks of the STS. The database contains
three components: adult cardiac surgery, general thoracic sur-
gery and congenital heart surgery (Fig. 1).

The STS was the first professional organization to seek ap-
proval for its measures from the National Quality Forum
(NQF), a multi-stakeholder health policy organization head-
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Table 1. Progress in quality improvement in medical fields world-
wide and the Japan Cardiovascular Surgery Database

Year History

1920 Initial report of quality assessment by Codman, MD.

1989 Start of the Society for Thoracic Surgeons National
Database

1998 Kick-off meeting for cardiovascular surgery database
during the 7th annual meeting of the Asian Society
of Thoracic and Cardiovascular Surgery in Singapore

1999 Report from the Institute of Medicine, ‘“To err is
human’

2000 Database ad hoc committee started under the Japanese
Society for Cardiovascular Surgery, and the Japanese
Association for Thoracic Surgery

2000 Establishment of the Japan Cardiovascular Surgery
Database

2001 The beginning of the data harvest on Japan adult
cardiovascular surgery database, JACVSD, by 5 units

2008 The beginning of data harvest on Japan congenital
cardiovascular surgery database, JCCVSD, by 7 units

2011 The JBCVS decided to adopt the reported data of the
JACVSD and the JCCVSD for board certification

2011 Establishment of National Clinical Database

2013 The first “paper-less and web-based” board certification
meeting of JBCVS

2014 A new organization for medical board certification in
Japan

JACVSD, Japan Adult Cardiovascular Surgery Database; JCCVSD,
Japan Congenital Cardiovascular Surgery Database; JBCVS, Japan-
ese Board of Cardiovascular Surgery.

quartered in Washington, DC. In this manner, the STS has
gained a positive reputation with the government and with
health policy organizations. In addition, in 2010, the STS
started to publicly report isolated coronary artery bypass
grafting (CABG) composite star ratings not only on its own
website but also on a consumer report website (Www.
consumerreportshealth.org) [2]. Later, public reporting of aort-
ic valve surgery (AVR) and CABG+AVR began, and this
year, will be extended to congenital heart surgery. The NQF
has been releasing quality indicators in medical fields under
the rubric of ‘NQF-Endorsed Standards’ (http://www.quality-
forum.org/Home.aspx). For example, the standard measures of
congenital heart surgery are ‘participation in the STS National
Database,” ‘operative mortality stratified by the five STS-
EACTS (European Association for Cardiothoracic Surgery)

Mortality Categories,” and ‘Risk Adjustment in Congenital
Heart Surgery (RACHS-1) Pediatric Heart Surgery Mortality
[3]." The STS states on its website that ‘STS believes the
public has a right to know the quality of the surgical out-

comes, and considers public reporting an ethical responsibility
of the specialty [4,5].

In turn, in 1998, at the 7th Annual Meeting of the Asian
Society for Cardiovascular and . Thoracic Surgery in
Singapore, the need for an Asian Cardiovascular Surgery
Database was discussed. First, a database ad hoc committee
was formed by the Japanese Society for Cardiovascular
Surgery (JSCVS) and the Japanese Association for Thoracic
Surgery (JATS) (Table 1).

Moreover, quality improvement of cardiovascular surgery
has been discussed by the members of the board of JSCVS
and JATS since early 2000. In pursuit of this goal, three
committees were organized by the JSCVS and JATS among
its academic groups: 1) a board certification committee, 2) a
center aggregation committee, and 3) a nurse practitioner and
physician assistant committee.

In 2000, before this movement, the Japan Cardiovascular
Surgery Database (JCVSD) was established with close ties to
the JSCVS and JATS. The JCVSD and JSCVS invited the
founder of the STS National Database to discuss starting the
construction of the database. The JCVSD established input
items comparable to those of the STS National Database. In
the Congenital Heart Surgery Database, the common termi-
nologies and the definitions of congenital heart diseases pub-
lished in the “Annals of thoracic surgery [6]” were adopted,
and 193 input items were established in the Japan Congenital
Cardiovascular Surgery Database (JCCVSD).

Thus, the Congenital Heart Surgery Databases in the
United States, Europe, and Japan were integrated by using
common language in these databases. As a result, interna-
tional comparisons became possible. Although the results
were not reported, for example, the discharge mortality in the
JCCVSD was 02%, 0.7%, 3.6%, 7%, and 17.6% for
RACHS-1 categories 1, 2, 3, 4, and 5/6, respectively, during
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Discharge mortality in RACHS-1 categories

PACHS-1 | RACHS-2 | RACHS-3 | RACHS-4 | RACHS-5/6

0.20% 0.70% 3.60% 7% 17.60%

Fig. 2. Discharge mortality in the Japan Congenital Cardiovascular
Surgery Database according to the RACHS-1 categories. RACH-1,
Risk Adjustment in Congenital Heart Surgery.

2008 to 2010 (Fig. 2). This result is comparable to that re-
ported from the STS Congenital Heart Surgery Database [7].

Unlike the STS National Database, the JCVSD employed
web-based data collection. Data on adult cardiac surgery
(Japan Adult Cardiovascular Surgery Database [JACVSD])
were collected beginning in 2001 by five participating units
and data on congenital heart surgery (JCCVSD) were col-
lected beginning in 2008 by seven units. JCVSD required in-
formed consent from each patient according to the ‘opt-in
rule’ to comply with the Private Information Protection Law.
For Web-data transmission, high level secure socket layer
was adopted for coding of the individual patient’s infor-
mation.

The JACVSD and JCCVSD grew to become national data-
bases by the end of 2013 (Fig. 3). The most recent annual
number of submitted procedures are 49,507 in JACVSD and
10,835 in JCCVSD. Twenty frequently cited papers dealing
with topics such as risk models of isolated coronary bypass
surgery [8], thoracic aortic surgery [9], and valve surgery
[10] have been published in indexed international journals.
The performance of the Congenital Heart Surgery risk model
as measured by the C-index is over 0.8 [11].

On the basis of these risk models, a web-based risk calcu-
lator called JapanSCORE was released. With this tool, adult
cardiac surgeons can estimate the 30-day mortality rate,
in-hospital mortality rate, and major complication rate after
inputting the patient’s covariates before the surgical proce-
dure. The estimated mortality rate is much lower than that
derived by using EuroScore [12]. JapanSCORE contributes to
obtaining adequate informed consent from the patients and
the families, leading to increased satisfaction. In addition,
benchmark reports have been released as support tools for
quality improvement of participating institutions. In Japan,
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Fig. 3. The growth in the Japan Adult Cardiovascular Surgery
Database, As of April 2014, the number of facilities were 541
and the cumulative number of procedures were 304,271.

many adult cardiac surgeons learn about the risks faced by
their patients, as well as their own performance as a surgeon,
through the risk-adjusted mortality and benchmark report.

To ensure fairness and transparency in evidence-based
medicine (EBM), the JCVSD organized a data access and us-
age working group. This working group meets twice a year,
and requests 100% of their data during at least for the imme-
diate 2-years. After the working group accepts an application,
the Department of Health Quality Assessment (HQA) of the
University of Tokyo [13,14] analyzes the newly submitted
data. The role of the HQA is similar to that of the DCRI for
the STS National Database.

The JCVSD places importance on auditing the reported
data. Site visits have been carried out since 2004. A site visit
working group was established by the JACVSD. The mem-
bers of the working group include two to three adult cardiac
surgeons; visits to 70 sites have been carried out so far.
Recently the HQA reported the details and outcomes of the
site visits to the JCCVSD [15].

In 2011, the JCVSD started to collect a participation fee of
10,000 yen per year for each section in the JACVSD and the
JCCVSD. The total number of sections was 658 (541 in the
JACVSD, 117 in the JCCVSD) by the end of April 2014.
This participation fee is much lower than that required by the
STS National Database; however, it is an important financial

resource, especially for site visits.
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In 2011, the Japanese Board of Cardiovascular Surgery
(IBCVS) decided to adopt the data of the JACVSD and the
JCCVSD for board certification. In 2013, there were 162 new
applicants and 1,003 renewals. The JBCVS bheld its first
web-based and paperless review in September 2013. Compa-
red with the previously employed review method that relied
on the submission of operation records, the web-based and

paperless review method had higher quality, lower cost, and

required less time.

In 2010, the JCVSD served as the basis for the establish-
ment of the National Clinical Database (NCD) in Japan,
which includes clinician-initiated databases reflecting all sur-
gical fields. The NCD adopted to “Web-based” data collec-
tion with the same security level of JCVSD as mentioned
above to protect the individual patient’s information. Through
the central institutional review board in the University of
Tokyo, an ‘opt-out rule’ was adopted, and informed consent
became unnecessary. The NCD is governed by a committee
whose members are representatives of medical associations
related to surgery, such as the Japan Surgical Society (JSS),
JSCVS, JATS, the Japanese Association for Chest Surgery,
the Japanese Society of Gastroenterological Surgery, the
Japanese Society of Pediatric Surgeons, the Japanese Society
of Vascular Surgery, the Japanese Society of Endocrine
Surgery, the Japanese Society for Mammary Cancer, and the
Japanese Thyroid Association. The NCD establishes the surgi-
cal board certification system for the JSS, which requires 13
input items at the first level in the hierarchy of specialties.
Six board certification systems, including the JBCVS and the
databases of nine academic associations, are set at the second
level as subspecialties. The main server was transferred from
the HQA to the University Hospital Medical Information
Network (UMIN) with a mirror-image backup. The HQA fo-
cused on data analysis and site visits, whereas the UMIN is
responsible for data warehousing. The NCD uses cutting-edge
statistical techniques to detect any trace of data inconsistency.
The participating associations have supported the NCD finan-
cially and the database has grown rapidly; the total number
of participating hospitals is 4105, and the number of cumu-

lative procedures was 4,138,000 at the end of April 2014.
The NCD covers 95% of total surgical procedures. The par-

ticipating associations will release, or have released, their

own risk models [16-18], and papers have been published
based on data from the NCD [16].

The administrative database, diagnosis procedure combina-
tion (DPC)/par-diem payment system (PDPS) was introduced
in Japan by the Japanese Ministry of Health, Labour and
Welfare (MHLW, a government agency) in April 2003 to
comprehensively assess fixed daily payments and to control
medical expenditure in the acute setting based on the quality
assessment. The number of participating hospitals by the end
of April 2014 was 1,585, including all advanced-treatment
hospitals, that is, university hospitals. In Japan, total health
care expenditures have been increasing by 1 trillion yen an-
nually, and health care expenditures make up 9.5% of the
Gross Domestic Product, which puts Japan in the 16th posi-
tion of the 34 member countries of the Organization for
Economic Cooperation and Development. On the other hand,
the population aging rate in Japan is over 24%, which is the
highest rate in the world. Changes in population makeup and
the growing proportion of elderly persons are the underlying
issues relating to rising health care expenditures, and succes-
sive Cabinet office members and the MHLW have set policy
directions to address this national issue. Quality improvement,
quality assessment, and the pay-for-performance system pro-
vide methods to control medical expenditures. The Quality
and Outcomes Framework (QOF), a system for the perform-
ance management and payment of genaral practitioners (GPs)
in the National Health Service in England, Wales, Scotland
and Northern Ireland was introduced as part of the new gen-
eral medical services contract in April 2004. The QOF re-
wards GPs for implementing “good practice” in their medical
practices. Participation in the QOF is voluntary for each part-
nership [19]. In contrast, in the United States, the Agency of
Healthcare Research and Quality (AHRQ) has defined ‘never
events’ or errors of medical care for which Medicare, the

government healthcare insurance for aged and disabled per-
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sons, does not pay. In the C. Walton Lillehei Lecture of the
49th STS Annual Meeting, the director of the AHRQ empha-
sized that the federal government will pay for the quality, not
for the volume.

In Japan, the NCD and DPC/PDPS could play comple-
mentary functions for quality assessment through adequate
risk adjustment and the complete enumeration of procedures
in various surgical fields. In the future, balancing professional
autonomy and administrative leadership might be a recurrent

issue for quality assessment and quality improvement in

Japan.

Recently, the Japanese Association of Cardiovascular
Intervention and Therapeutics proposed to the NCD a com-
parative study between percutaneous coronary intervention
and CABG that would use well-tested statistical methods
such as propensity score matching. Thus, the participation of
units from nonsurgical fields, such as medical therapy, inter-
vention, radiation therapy, and chemotherapy, will facilitate
risk stratification of each treatment modality, and will con-
tribute to the search for the best management of diseases and
patients. A longitudinal follow-up database is needed for the
design of such studies, and it is under construction.

Recently, the Pharmaceutical and Medical Device Agency
(PMDA), a consultative organization of the MHLW, sug-
gested to enroll in the JACVSD and perform follow-ups on
the use of artificial valves for trans-aortic valve implantation.
The PMDA recognized the completeness and reliability of the
data of the JACVSD, and from a cost-performance point of
view, the PMDA decided to outsource the post-market sur-

veillance of newly covered medical devices in the car-

diovascular surgical field. This demonstrates how the national
database could contribute to the post-marketing surveillance
of drugs and medical devices, and could help control random-
ized trials and multicenter studies.

The NCD will start to collect fees from participating hospi-
tals according to the total number of enrolled surgical proce-
dures. Clerical assistants have been widely employed through-
out the country, which has gradually lightened the data input
workload of young surgeons. Governmental support and some

government funds are expected to be received for the con-
tinued maintenance of the national database.

Clinicians are responsible for patient safety and quality im-

provement, and the database will aid in achieving these goals.
As Reinertsen [20] stated, to truly improve quality, the sys-
tem must, 1) eliminate unnecessary variation (standardize
processes), and 2) achieve and document continuous improve-
ment (in care processes and outcomes). In recent years, the
importance of ‘certainty, not excellence’ of operations, and
that of the concept of structure, process and outcome [21]
have been emphasized, and multiple approaches, for instance,
postgraduate education systems, reporting systems of mal-
practice to prevent recurrence, introduction of information
technology, introduction of simulators, EBM, and other tech-
niques, have been used for patient safety. The use of multiple
strategies and teamwork are fundamental for patient safety.
Since it is methodologically based on the JCVSD, the
NCD represents an interface between medical databases and
board certification systems, which is its point of difference
from the STS National Database. In 2014, a new organization
for medical board certification was established in Japan that,
beginning in 2017, will certify all medical boards in close
collaboration with medical associations. This new organization
will adopt the standards of the JCVSD and the NCD for
evaluating the clinical practices of applicants. For the assess-
ment of medical outcomes and quality, the JCVSD and the
NCD will continue to be the sole reliable data source for sur-
gical fields in Japan, where medical system reform will be
implemented quickly and based on professional autonomy.
The national database is fundamental for quality improve-

ment, patient safety, and the adequate control of medical ex-
penditures in the country.

No potential conflict of interest relevant to this article was
reported.
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Abstract

OBJECTIVES: The benefits of off-pump coronary artery grafting (OPCAB) have been demonstrated. Especially in patients with a high
number of comorbidities, redo coronary artery bypass grafting (CABG) remains a difficult entity of CABG, because patients are likely to
have multiple risk factors and often have diseased patent grafts with adhesions. The aim of the present study was to evaluate the
effects of the OPCAB technique in redo CABG on mortality and morbidity using data from the Japan Cardiovascular Surgery Database
(JcvsD).

METHODS: We analysed 34 980 patients who underwent isolated CABG between 2008 and 2011, as reported in the JCVSD. Of these,
1.8% of patients (n=617/34980) had undergone redo CABG, including those who underwent OPCAB (n = 364; 69%) and on-pump
CABG (n = 253; 41%). We used propensity score (PS) matching with 13 preoperative risk factors to adjust for differences in baseline
characteristics between the redo OPCAB and on-pump redo CABG groups. By one-to-one PS matching, we selected 200 pairs from
each group.

RESULTS: There were no significant differences in patient background between the redo OPCAB and on-pump redo CABG groups after
PS matching. There was no significant difference in the mean number of distal anastomoses after matching (2.41£1.00 vs 2.21 £ 1.04,
P =0.074); nevertheless, the mean operation time was significantly shorter in the redo OPCAB than the on-pump redo CABG group
(353.7 vs 441.3 min, P < 0.00010). Patients in the redo OPCAB group had a lower 30-day mortality rate (3.5 vs 7.0%, P = 0.18), a signifi-
cantly lower rate of composite mortality or major morbidities (11.0 vs 21.5%, P = 0.0060), a significantly lower rate of prolonged ventila-
tion (>24 h) (7.0 vs 15.0%, P=0.016), a significantly shorter duration of intensive care unit (ICU) stay (ICU stay 28 days) (7.0 vs 14.5%,
P=0.023) and a significantly decreased need for blood transfusions (71.5 vs 94.0%, P < 0.00010) than patients in the on-pump redo
CABG group.

CONCLUSION: The off-pump technique reduced early operative mortality and the incidences of major complications in redo CABG.
Keywords: Coronary artery disease * Off-pump * Coronary artery bypass grafting « Reoperation

INTRODUCTION

Although recent reoperative coronary artery bypass grafting (redo
CABG) has been associated with improved outcomes, it remains a
difficult procedure of CABG because patients are likely to have
multiple risk factors. On the other hand, off-pump coronary artery
grafting (OPCAB) has been reported to be beneficial [1-3], espe-
cially in patients with several comorbidities, such as those under-
going redo CABG [4, 5].

"Presented at the 27th Annual Meeting of the European Association for Cardio-
Thoracic Surgery, Vienna, Austria, 5-9 October 2013.

In fact, retrospective clinical studies comparing OPCAB and
on-pump CABG in redo surgery suggest that OPCAB can reduce
morbidity among redo CABG patients, while providing equivalent
or superior operative results [6-14]. However, no comparative clin-
ical studies utilizing data from a large nationwide database have
validated the superiority of various variables of the off-pump
technique in redo CABG.

In this study, we present the contemporary results of redo
CABG registered in the Japan Cardiovascular Surgery Database
(JCVSD), which currently contains clinical data from almost all
Japanese hospitals where cardiovascular surgery is performed.
Our aim was to evaluate the superiority of the off-pump technique

© The Author 2014. Published by Oxford University Press on behalf of the European Association for Cardio-Thoracic Surgery. All rights reserved.
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in redo CABG, and to retrospectively compare isolated redo CABG
with or without cardiopulmonary bypass (CPB) using data from
the JCVSD through propensity score (PS) matching.

MATERIALS AND METHODS
Study population

The JCVSD was established in 2000 with the goal of evaluating sur-
gical outcomes after cardiovascular procedures in many centres
throughout Japan [15, 16]. As of January 2013, JCVSD has recorded
clinical information from over 500 hospitals, which comprises
almost all hospitals with cardiovascular surgery units in Japan. The
data collection form has 255 variables that are almost identical to
those in the Society of Thoracic Surgeons (STS) National Database

Variables

Total redo CABG

[available at: hitp:/fmww.stsorg (25 February 2014, date last
accessed)]. The definitions of JCVSD variables [available at: hitp:/
www.jacvsd.uminp (25 February 2014, date last accessed)] are also
based on those of The STS National Database (Tables 1 and 2).
Through the JCVSD web-based system, each participating hospital
enters data and uses a feedback report in real time that includes
risk-adjusted outcomes compared with all participating hospitals.
Although participation in the JCVSD is voluntary, submissions tend
to be thorough, with overall preoperative risk factors used in risk
models missing in fewer than 3% of the entries. The accuracy of the
submitted data is verified through monthly visits to each hospital
by The Site Visit Working Group. The Site Visit Working Group
members verify that the number of procedures from the original
operative record list in the hospital matches that reported in the
JCVSD. These members also examine each clinical chart of proce-
dures and compare it with the JCVSD data.

On-pump redo CABG Redo OPCAB

Patients 617
Sex (male) 788
Age (years), mean (SD)
Body surface area, mean (SD)
Smoking 524
Body mass index >30 kg/m? 5.2
Diabetes 46.2
Preoperative creatinine value
Renal failure 185
Dialysis 9.1
Hyperlipidaemia 60.8
Hypertension 77.6
Cerebrovascular disease 11.0
Carotid stenosis 7.9
COPD (moderate and severe) 11.3
Extracardiac disease 209
Peripheral 18.0
Myocardial infarction 449
Previous coronary artery intervention 454
Unstable angina 329
Shock 49
Congestive heart failure 147
Arrhythmia 1.7
NYHA class lll or IV 284
Diseased vessels, %
Left main disease 37.0
1 13.9
2 25.0
Triple-vessel disease 553
LV impairment, %
Good >EF:60% 345
<EF:60% 65.2
Bad <EF:30% 8.1
Mitral valve insufficiency 11-1V 21.1
Tricuspid valve insufficiency li-IV
Status, %
Urgent
Emergency/salvage
Japan SCORE
Expected 30 days operative mortality
Expected composite 30-day mortality or major morbidity

69.35+9.2
1.64+£0.18

173229

253 364
79.8 780
68.87 +9.74 69.68 + 8.81
164018 1.64£0.18
49.8 54.1
5.1 5.2
455 46.7
1.68+2.29 176+£229
182 187
9.6 9.4
59.3 61.8
80.2 758
12.6 9.9
7.9 8.0
103 12.1
237 19.0
19.8 16.8
46.6 437
447 45.9
383 29.1
79 27
17.0 132
138 10.2
31.2 264

42.7 330

9.9 16.8
20.2 283
62.1 505

352 34.1
64.0 659

9.9 6.9
20.9 21.2
174 126

9.9 71
107 6.3

7.66+0.14
251+0.18

55101
219+0.15

— 251 —



M. Dohi et al. / European Journal of Cardio-Thoracic Surgery 3

Total redo CABG

On-pump redo CABG Redo OPCAB P-value

Intraoperative variables
Operation time (min)
Distal anastomoses mean (SD)
Number of distal anastomoses
1,2 66.9
3 219
4,5 107
6 0.5
Early outcomes
30-day mortality 52
Operative mortality 7.0
Blood transfusion 742
Initial ventilator time (h) 45.21+147.79
Intensive care unit stay >8 days 10.2
Postoperative morbidity
Stroke
Transient
Continuous coma 224 h
Renal failure requiring dialysis
Renal failure
Deep sternal wound infection
Prolonged ventilation
Reoperation for bleeding
Perioperative myocardial infarction
Atrial fibrillation
Heart block
Gastrointestinal complication
Pneumonia
Readmission within 30 days
Composite 30-day mortality or major morbidity

375.21+147.0
2124110

Study end points

The study outcomes measured from the JCVSD were as follows:
operation time and the number of distal anastomoses as the
intraoperative variable, 30-day mortality, operative mortality,
initial ventilation time, the number of patients who stayed in the
intensive care unit ([ICU] stay) >8 days and blood transfusion as
early outcomes. The 30-day mortality was defined as death
within 30 days of the operation, regardless of the patient’s geo-
graphic location, even if the patient had been discharged from
the hospital. Operative mortality included any patient who died
within the index hospitalization, regardless of the length of hos-
pital stay, and including any patient who died after being dis-
charged from hospital up to 30 days from the date of the
operation. Hospital-to-hospital transfer was not considered dis-
charge [17].

Major morbidity was defined as any of the five following
postoperative in-hospital complications: stroke, reoperation for
any reason, need for mechanical ventilation for more than 24 h
postoperatively, renal failure with newly required dialysis or
deep sternal wound infection [18]. In addition to the above
complications, the following complications were defined as
postoperative morbidities (Table 2): (i) renal failure (defined as
an increase in serum creatinine value to twice preoperative

427.61+151.23
230+1.04

339.06 £ 13261
200+1.12

60.1 7
269 184
13.0 9.1

0.0 0.8

83 31
10.7 4.4
889 64.0
65.49 +160.32 31.17+136.92
154 6.6

28
2.8
3.2
59
14.6
16
16.6
3.6

levels or to >2.0 mg/dl, or new requirement for dialysis or hae-
mofiltration); (i) continuous coma for >24 h; (iii) perioperative
myocardial infarction (defined as at least two of the following:
continuous angina for >20 min regardless of nitrite treatment or
rest, elevation of cardiac enzyme levels [creatine kinase (CK)-MB
level >1/20 of the total CK level or twice preoperative levels
and/or lactate dehydrogenase isozyme subtype 1> subtype 2
and/or positive troponin]; new cardiac wall motion abnormal-
ities; Q waves or ST-T elevation on more than 2 serial leads in
the electrocardiogram); (iv) atrial fibrillation (new onset); (v)
heart block requiring permanent pacemaker; (v) gastrointestinal
complications; (vi) pneumonia and (vii) readmission within 30
days of discharge. In this analysis, composite 30-day mortality
or major morbidity was considered a postoperative morbidity
(Table 2).

Statistical analyses

We compared the baseline demographics of patients who under-
went off-pump surgery with those of patients who underwent
on-pump surgery. The PS matching [19] method was used for
adjusting differences in baseline characteristics because the
patients were not randomly assigned to receive redo OPCAB.
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PS were calculated for each patient to adjust for confounders of
group assignment using the following 13 preoperative variables,
which include the circumstances under which surgeons generally
tend to avoid or prefer to use CPB: age; presence of unstable
angina; extracardiac disease; cerebrovascular disease (the pres-
ence of stroke or a history of transient ischaemic attack); a history
of non-invasive carotid stenosis >75%; diabetes; renal failure;
chronic lung disease (mild, moderate or severe); cardiogenic
shock; a history of myocardial infarction; ejection fraction <30%;
triple-vessel disease and left main disease (variables at the basis of
the model are given in Table 3).

We performed a one-to-one matched analysis on the basis of
estimated PS of each patient. The log odds of the probability that
a patient underwent redo OPCAB was modelled as a function of
the confounders, which we identified and included in our data
set. C-statistics were calculated for evaluating the goodness of fit.
The area under the curve of this PS model was 0.62. The estimated
PS were compared between the redo OPCAB and on-pump redo

Variables B Value

Age 1.013
Carotid stenosis 0.978
Renal failure 1.067
Diabetes (insulin) 1212
Cerebrovascular disease 0.853
COPD (mild, moderate or severe) 1.340
Extracardiac disease 0.740
Myocardial infarction 1.005
Unstable angina 0.807
Shock 0.401
Left main disease 0.749
Triple-vessel disease 0.627
<EF:30% 0.720

Isclated CABG from JOVSD
2008 ~2011

Figure 1: Patient selection. JCVSD: Japan Cardiovascular Surgery Database.

Propensily score matching

CABG groups, and a ‘match’ occurred when 1 patient in the redo
OPCAB had an estimated score within 0.6 standard deviation (SD)
of another patient in the on-pump redo CABG. If two or more
patients in the redo OPCAB group met this criterion, we randomly
selected 1 patient for matching.

We performed univariate comparisons of patient character-
istics and outcome variables between the PS-matched groups of
redo OPCAB and on-pump redo CABG, using Fisher’s exact tests
or Pearson’s y° test and t-tests, as appropriate. A P-value of <0.05
was considered statistically significant. All statistical analyses
were conducted using PASW version 18.0 (SPSS, Inc.; Chicago,
IL, USA).

RESULTS

We analysed the data of 34 980 patients who underwent isolated
CABG and were included in the JCVSD between 2008 and 2011.
Of these, 1.8% of patients [n=617/34980] had undergone redo
CABG.

Of these, 253 (41%) underwent an on-pump procedure,
whereas the other 364 (69%) underwent an off-pump procedure
(Fig. 1). Of note, 7.7% of patients (n = 28/364) who required intrao-
perative conversion from redo OPCAB to on-pump redo CABG
were included in the redo OPCAB group for final analysis.

Unadjusted outcomes

The demographic and preoperative characteristics of patients
undergoing redo OPCAB versus on-pump redo CABG before pro-
pensity matching are listed in Table 1. The on-pump redo CABG
group had a significantly higher preoperative incidence of un-
stable angina and shock than the redo OPCAB group (38.3 vs
29.1%, P=0.019; 7.9 vs 2.7%, P =0.0040). The other preoperative
data were similar between the two groups.

As for diseased vessels, the rates of triple-vessel and left main
disease were significantly higher in the on-pump redo CABG
group than in the redo OPCAB group (62.1 vs 50.5%, P = 0.0050;
42.7 vs 33.0%, P=0.017). On the other hand, the redo OPCAB
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group had a lower number of diseased vessels compared with
the on-pump redo CABG group (single-vessel disease: 9.9% in
the on-pump redo CABG group versus 16.8% in the redo
OPCAB group; double-vessel disease: 20.2% in the on-pump
redo CABG group versus 28.3% in the redo OPCAB group). The
Japan SCORE, (The Japan SCORE is a risk model based on the
JCVSD. Expected mortality and expected composite 30-day
mortality or major morbidity are calculated from this risk
model.) [15, 16] were significantly higher in the on-pump redo
CABG group than in the redo OPCAB group (7.66+0.14% vs
551+0.1, P=0.023; 251+0.18% vs 21.9+0.15%, P=0.019,
respectively).

There were significant differences in intraoperative variables
between the two groups (Table 2). The redo OPCAB group un-
derwent a fewer mean number of distal anastomoses compared

Variables

Total redo CABG

with the on-pump redo CABG group (2.00+1.12 vs 2.30 + 1.04,
P=0.0010). Operation times were significantly longer in the on-
pump redo CABG group than in the redo OPCAB group, at
427.61+151.23 vs 339.06 + 132.61 min (P < 0.00010).

Significant differences between the groups were observed in
early outcomes (Table 2). All of the outcomes were significantly
worse in the on-pump redo CABG group than in the redo
OPCAB group. The 30-day mortality was 8.3% in the on-pump
redo CABG group and 3.1% in the redo OPCAB group
(P=0.0050).

Postoperative morbidities are given in Table 2. The incidences
of renal failure, renal failure requiring dialysis, prolonged ventila-
tion, perioperative myocardial infarction and composite 30-day
mortality or major morbidity were higher in the on-pump redo
CABG group than in the redo OPCAB group.

On-pump redo CABG Redo OPCAB

Patients 400
Sex (male) 80.5
Age (years), mean (SD)

Body surface area, mean (SD)
Smoking 533
Body mass index >30 kg/m? 6.5
Diabetes 46.8
Preoperative creatinine value
Renal failure 17.8
Dialysis 83
Hyperlipidaemia 60.8
Hypertension 76.0
Cerebrovascular disease 12.0
Carotid stenosis 85
COPD (moderate and severe) 2.3
Extracardiac disease 218
Peripheral 18.8
Myocardial infarction 475
Previous coronary artery intervention 463
Unstable angina 41.8

Shock 55
Congestive heart failure 16.5
Arrhythmia 12.8
NYHA class il or IV 345
Diseased vessels, %

Left main disease 475

1 58
2 16.3
Triple-vessel disease 743
LV impairment, %
Good >EF:60% 308
<EF:60% 69.0
Bad <EF:30% 9.0
Mitral valve insufficiency 11-1IV 225
Tricuspid valve insufficiency II-IV 15.5
Status, %
Urgent
Emergency/salvage 85
Japan SCORE
Expected 30 days operative mortality
Expected composite 30-day mortality or major morbidity

684+94
1.65+0.17

17+224

200 200
83.0 78.0
68.7+94 68.1+9.3
1.66 0.2 163£0.2
52.5 54.0
6.0 70
46.5 47.0
17+£23 1722
175 18.0
8.0 85
61.0 60.5
80.0 720
105 135
8.0 9.0
25 20
21.0 225
18.5 19.0
47.0 480
45.0 475
40.5 430
6.0 5.0
16.5 165
135 12.0
320 370

45.0 50.0

6.0 55
18.0 145
70.0 785

355 260
64.0 74.0

8.0 10.0
20.0 25.0
18.0 13.0

10.0 10.0
85 8.5

6.62+0.12
2495017

6.37 +0.11
24.01+017

— 254 —




6 M. Dohi et al. / European Journal of Cardio-Thoracic Surgery

with these preoperative risk factors to adjust for differences in
baseline characteristics between the two groups. Using
one-to-one matching, we selected 200 pairs from each group

(Fig. 1).

Propensity-matched pairs

We selected 13 preoperative risk factors to eliminate the differ-
ences between the two groups (Table 3) and used PS matching

Total redo CABG

On-pump redo CABG

Redo OPCAB

P-value

Intraoperative variables
Operation time (min)
Distal anastomoses mean (SD)
Number of distal anastomoses
1.2
3
45
6
The distribution of grafts
Left ITA
Right ITA
Bilateral ITA
No ITA use

3975+148.16
231112

60.0
263
13.0

0.8

36.3
323
1.5
43.0

Total redo CABG

441.3£146.3
24110

56.5
285
15.0

0.0

On-pump redo CABG

35371369
22112

63.5
240
110

15

36.0
37.0
14.0
410

Redo OPCAB

<0.00010
0.074

0.18
0.36
0.30
0.25

1.00
0.054
0.16
0.48

P-value

Early outcomes

30-day mortality

Operative mortality

Blood transfusion

Initial ventilator time (h)
Intensive care unit stay 28 days
Cause of all death
Arrhythmia

Bleeding

Infection

Low output syndrome
Pulmonary

Renal

Others

Postoperative morbidity
Stroke

Transient

Continuous coma 224 h
Renal failure requiring dialysis
Renal failure

Deep sternal wound infection
Prolonged ventilation
Reoperation for bleeding

Perioperative myocardial infarction

Atrial fibrillation

Heart block

Gastrointestinal complication
Pneumonia

Readmission within 30 days

53

75
8238
47.8+146.08
10.8

Composite 30-day mortality or major morbidity

7.0

95
94.0
5891375
14.5
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7.0

0.18
0.18
<0.00010
0.13
0.023
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There were no significant differences among all preoperative
factors, including shock, unstable angina, number of diseased
vessels (94.3%: multivessel disease), left ventricular impairment
and preoperative status between the two groups. Moreover, there
were no significant differences in the japan SCORE (expected
mortality: 6.62 £0.12% vs 6.37 +0.11%, P = 0.85; expected 30-day
mortality or composite major morbidity: 24.95+0.17% vs
24.01£0.17%, P=0.58) (Table 4).

As for intraoperative variables (Table 5), there was no signifi-
cant difference in the mean number of distal anastomoses after
matching (2.41 +1.00 vs 2.21 + 1.04, P=0.074). The data of our
study show that, in the on-pump redo CABG group, 35.0% of
patients were given blood cardioplegia and 10.0% were given
the crystalloid cardioplegia solution for myocardial protection.
No cardioplegia was provided in 45.5% patients in the on-pump
redo CABG group. In almost all patients in whom no cardioplegia
was provided, the on-pump beating procedure was performed.
Half of the on-pump redo CABG procedures are performed
using the beating heart technique in jJapan [20]. The JCVSD does
not capture whether adequate myocardial protection was pro-
vided during CABG, particularly in the setting of patent
mammary graft, for example, whether retrograde cardioplegia or
systemic hyperkalaemia is used for achieving diastolic arrest and
myocardial protection. The distribution of arterial versus vein
grafts in the two groups is given in Table 5. There were no signifi-
cant differences in the distribution of internal thoracic artery
graft and the absence of ITA graft use in the two groups. The
causes of all deaths in the two groups registered in the JCVSD are
given in Table 6.

Operation time was significantly longer in the on-pump redo
CABG group than in the redo OPCAB group (441.3+146.3 vs
353.7 £ 136.9 min, P < 0.00010) (Table 5).

Regarding early outcomes (Table &), the patients in the redo
OPCAB group had a lower 30-day mortality rate (3.5 vs 7.0%,
P=0.18), a lower initial ventilator time (36.8 + 153.7 vs 589 + 137.5
h, P=0.13), significantly shorter ICU duration (7.0 vs 14.5%,
P =0.023) and significantly decreased need for blood transfusions
(71.5 vs 94.0%, P < 0.00010).

As for postoperative morbidities (Table &), the redo OPCAB
group had a significantly lower rate of prolonged ventilation (>24 h)
(7.0 vs 15.0%, P=0.016) and lower rates of composite mortality or
major morbidities (11.0 vs 21.5%, P=0.0060) than the on-pump
redo CABG group. Although there were no significant differences in
other morbidities, the redo OPCAB group had a lower rate in many
postoperative morbidities.

DISCUSSION

In the present study, we present the contemporary Japanese
results for redo CABG obtained from the JCVSD, which currently
contains the clinical data from almost all Japanese institutions per-
forming cardiovascular surgery.

Off-pump coronary artery grafting

OPCAB emerged in the mid-1980s and has since become increas-
ingly popular worldwide. In Japan, OPCAB has become the stand-
ard management strategy for surgical coronary revascularization.

The ratio of OPCAB in CABG has been increasing, especially since
the year 2000; the annual rate of performing OPCAB is >60% [20,
21]. Several studies, including those conducted in Japan, have
reported the effects of OPCAB and have compared OPCAB with
conventional CABG [1-3], especially in patients with high co-
morbidity [4, 5]

Redo coronary artery bypass grafting

As described in several previous reports, the prevalence of redo
CABG has recently reached a plateau [22, 23]. The Japanese
Association for Thoracic Surgery (JATS) has been maintaining a
registry of cardiovascular procedures in Japan since 1986; the
number of isolated redo CABG in Japan has been basically de-
creasing, and its prevalence reached a plateau over a 10-year
period. The latest version of the JATS Annual Report in 2011
showed that 223 patients underwent redo isolated CABG, and the
prevalence of reoperation cases was 1.56% of total isolated CABG
cases (14 256 patients) in 2011 [20]. This trend is apparently
caused by improved medication for post-CABG patients, more fre-
quent use of the internal mammary artery, more complete revas-
cularization, older patient age at the time of primary surgery and
increased use of percutaneous coronary intervention (PCI) for re-
current coronary disease after CABG in patients. Compared with
Western countries, in Japan, PCl is used for patients with more
severe coronary artery disease, and indications for PCl have
expanded to include more indications than those included in its
early stages.

Redo CABG can be performed safely in certain patients because
of growing surgical experience, new technical strategies and
better management of patient comorbidities. However, even in
recent reports, the morbidity and mortality of such procedures
remain higher (in the range of 4.2-6.8%) than those of primary
procedures [20, 22-24].

Our data showed that the 30-day mortality in the redo
CABG was significantly higher than in the primary CABG group
(5.63 vs 1.46%, P <0.00010). We hypothesize that the different
characteristics inherent in the redo CABG patients may explain
the higher mortality or morbidity rate in this group of patients
compared with the primary CABG group. Redo patients are
generally older, with a lower ejection fraction, and have mul-
tiple risk factors. In addition, their general physical condition
is usually worse. Additionally, redo CABG tends to be more
technically demanding, e.g. successful re-entry into the chest,
management of patent bypass grafts or diseased patent grafts
with adhesions, ischaemia caused by embolization of ather-
omatous debris from venous conduits, location of suitable
conduits, aortic atherosclerotic disease that may prevent cross-
clamping or aortic cannulation and/or inadequate myocardial
protection caused by difficulties in delivering cardioplegia in
the face of native and conduit stenoses [23]. The last two
factors are directly associated with disadvantages of the on-
pump procedure.

Concordantly, many reports have mentioned the benefits of
OPCAB, especially in patients with several comorbidities, such as
those undergoing redo CABG [4, 5]. Several recent reports of
off-pump redo CABG have stated the advantage of morbidity
and mortality [6-11]. Conversely, some reports have stated that
these benefits may be limited to a selected group of patients
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because of the higher rate of incomplete revascularization in
off-pump CABG. However, the mean number of distal anasto-
moses in these reports was 2 (Czerny et al [12] 1.3+0.5;
Tugtekin et al. [13]: 1.6 £ 0.60 and Kara et al. [14]: 1.15 £ 0.41). The
present study data indicated that single-vessel disease had a fre-
quency of only 13.9% (Table 1), which was reduced to only 5.8%
after matching data were included. Most data (94.2%) were for
multivessel disease (Table 4), and the mean number of distal
anastomoses was no less than 2 in the redo OPCAB group
(Tables 2 and 5). These reports were from many countries that
have various circumstances concerning the management of
CABG procedures (OPCAB is used only in 30% of cases in
Western countries and in other Asian countries). Further, most of
these results were reported single-institution studies [, 7, 10-12,
14]. Therefore, these data might not clarify the specific benefits
of off-pump surgery in redo CABG.

The present study was a comparative clinical study utilizing a
large nationwide database (JCVSD) to achieve a higher evidence
level and to obtain up-to-date clinical outcomes. To the best of
our knowledge, thus far, similar comparative clinical studies
aiming to clarify the superiority of each variable of the
off-pump technique in redo CABG have not been conducted. In
addition, Japan is the only country in which >60% of isolated
CABGs are performed without a CPB, and our results may be
very informative.

Data from the JCVSD in redo CABG

The present retrospective comparison before matching data is
presented in Tables 1 and Z.

These data suggest that surgeons in Japan tend to perform
off-pump procedures for patients requiring fewer grafts in stable
condition and perform on-pump procedures for patients requir-
ing a greater number of grafts in unstable conditions for redo
CABG. Thus, longer operative times are observed in the on-pump
redo CABG group than in the redo OPCAB group (427.61 + 151.23
vs 339.06 + 132.61 min, P <0.00010). Early outcomes and most
morbidities in the on-pump redo CABG group were worse than in
the redo OPCAB. Thus, off-pump surgery seems to offer certain
advantages in cases of redo CABG surgery. However, the indica-
tions for off-pump or on-pump reoperations are based on individ-
ual surgeon and institutional preferences. In addition, the two
groups had unequal patient characteristics and significantly differ-
ent severities in patient preoperative backgrounds, according to
the Japan SCORE. Based on the unadjusted results, we selected 13
preoperative risk factors to eliminate the differences between the
two groups; these included the number of diseased vessels, pre-
operative status and the circumstances under which surgeons in
Japan generally tend to avoid or prefer to use CPB (Table 3). After
matching the data of these patients with the data of those in the
JCVSD, no significant differences were observed in expected mor-
tality and expected 30-day mortality or major composite morbid-
ities between the two groups. Therefore, the severity of patient
preoperative backgrounds and the overall picture of the entire
patient group profile were adequately adjusted between the two
groups (Table 4).

In addition, there were no significant differences in the distri-
bution of grafts (Table 5). Therefore, these factors, including
severity of patient preoperative backgrounds, did not influence
the results of our study when comparing the two groups after

matching. In the present retrospective comparison, the results
after propensity matching data from the JCVSD demonstrated
that redo OPCAB was safe and effective when each variable was
considered. :

The most important result of the adjusted portion of the study
was the absence of significant differences in the mean number of
distal anastomoses after matching. In addition, there were no sig-
nificant differences in the distribution of grafts. Nevertheless, the
mean operation time was significantly shorter in the redo
OPCAB group than in the on-pump redo CABG group (353.7 vs
441.3 min, P < 0.00010) (Table 5). These results suggests that redo
OPCAB reduced the operation time in the equivalent number of
distal anastomoses performed by the on-pump procedure, even
for over 90% of multivessel disease cases (Table 4). We consid-
ered that the operation time increased in the on-pump redo
CABG group because of the difficulty in achieving haemostasis
during adhesion dissection in patients who developed coagula-
tion abnormalities, a potential side-effect of CPB [25]. This may
have led to higher intraoperative and postoperative blood loss
and need for blood transfusions. Moreover, patients who devel-
oped pulmonary dysfunction secondary to CPB may have also
presented longer operation times, contributing to worsening of
respiratory insufficiency, prolonged mechanical ventilation and
ICU stay (Table 6). These increased operation times emphasize
several adverse occurrences associated with potential side-
effects of CPB, such as a coagulopathy or pulmonary dysfunction
[25], redo CABG procedure such as cardioplegia, arterial cannula-
tion or aortic cross-clamping and the multiple risk factors usually
present in redo CABG patients. In other words, by avoiding CPB,
the operation time could be decreased, and the complications
associated with on-pump redo CABG were reduced. As a result,
the incidence of composite mortality or major complication in
redo OPCAB was significantly lower than in the on-pump redo
CABG. Most morbidities tend to be lower in redo OPCAB
(Table 6).

Our findings from the JCVSD indicate that the off-pump surgical
technique for redo CABG offers certain advantages, that is, it pre-
vents potential side-effects of CPB and prevents complications of
surgical procedures.

Despite these important findings, there were several limita-
tions in the present study regarding data interpretation. It was a
retrospective clinical study based on a large-scale database, and
it provides weaker clinical evidence than a randomized pro-
spective study and we did not have medium-term or long-term
outcomes. In this study, a 30-day mortality rate of 7.00% and
an operative mortality rate of 9.5% were observed (Table &);
our observation interval was 30 days, but early risk extends
beyond this period. The JCVSD does not have data to account
for this.

Nonetheless, our data suggest that the off-pump technique for
redo CABG reduces operation time for an equivalent number of
distal anastomoses performed using the on-pump procedure for
multivessel diseases. As a result, the off-pump procedures had sig-
nificantly lower rates of prolonged ventilation, blood transfusion
and shorter duration of ICU stay and lower rates of composite
mortality and major morbidities compared with the on-pump
procedure.

In conclusion, the off-pump technique reduced operative mor-
tality and reduced the incidence of major complications in redo
CABG.
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APPENDIX. CONFERENCE DISCUSSION

Dr E. Wolner (Vienna, Austria): This is a very interesting, very good paper and,
for me, an unexpectedly greater difference in the mortality of the off-pump
versus the on-pump group, in favour of the OPCAB group. This difference
results from a matched group of patients. However, if you look at the unadjust-
ed data in your slide No. 2, you see that you have more hypertension and more
cardiovascular disease in the on-pump group. It is not statistically significant,
but there are differences. And if you perhaps count all this data together (you
have higher New York Heart Association class, you have more heart failure, you
have, as you said, more unstable angina and more stroke), my conclusion is that
the on-pump group is sicker than the OPCAB group.

So my first question is: Are you sure that your statistical analysis, this propen-
sity score matching, reflects the real data between these two groups? Secondly,
for me it is very surprising that in your country you have such a high number, |
mean 60% or so, of off-pump versus on-pump coronary surgery. Usually in
Germany it's 20%. In the STS database, it is also | believe a little bit more than
20%. What is the explanation that you have for such a high percentage of off-
pump surgery in your country?

Dr Dohi: Thank you, a good question about an important point. In fact,
before matching data were available, Japanese surgeons performed off-pump
procedures for patients requiring fewer grafts and, on other hand, they per-
formed on-pump procedures for patients requiring a greater number of grafts
and who were in an unstable condition. Thus, the results are significantly worse
in the on-pump group compared to those in the off-pump group. Could you
repeat the other question?

Dr Wolner: Percentage of off- versus on-pump as a difference between your
country and others.

Dr Dohi: In Japan almost 60% of isolated CABGs are performed as off-pump
procedures. Our data indicate that approximately 70% off-pump procedures
are performed, and OPCAB has become the standard CABG procedure in
Japan. PCI is used for patients with more severe coronary artery disease in
Japan compared with Western countries, in some cases in patients with LM
lesions, 3-vessel disease or chronic total occlusion. This increased utilization of
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PCI has led Japanese surgeons to perform less invasive surgical procedures
such as OPCAB.

Dr D. Taggart (Oxford, United Kingdom): | think in many Asian countries it's
very high. And India is probably even higher, somewhere in the region of 80%
to 90%. In Japan the figures | saw were even higher than 60%. So in the Far East
and South East Asia, off-pump surgery is the standard.

Could 1 just ask the audience, on this basis, not for redos but for a first time
coronary, which of you five years ago would have been routinely using off-
pump surgery in, say, at least 30% or 40% of patients?

(Show of hands.)

Who is still using off-pump surgery in at least 30% to 40% of patients?

(Show of hands.)

It's quite interesting, just looking at this audience indicates that most of the
people who five years ago were doing a significant proportion of off-pump
surgery are still doing it. In my own practice it was 90% 15 years ago and it's still
90% today. But | think what's happened with recent publications is that people
who were a bit less sure about off-pump surgery have now dropped off,
because we're seeing the figures for off-pump surgery in the United Kingdom
have dropped from around 20% to 14% now in the last year. And | think the
recent publications of Coronary and GOPCABE, the big German trial, have had
a negative impact on off-pump surgery.

Dr Dohi: Japanese surgeons are familiar with the off-pump procedure.
Therefore, even for redo CABG, Japanese surgeons perform the off-pump pro-
cedure quite well.
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Total Gastrectomy Risk Model
Data From 20,011 Japanese Patients in a Nationwide Internet-Based Database
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Objective: To construct a risk model for total gastrectomy outcomes using a
nationwide Internet-based database.

Background: Total gastrectomy is a very common procedure in Japan. This
procedure is among the most invasive gastrointestinal procedures and is known
to carry substantial surgical risks.

Metheds: The National Clinical Database was used to retrieve records on
more than 1,200,000 surgical cases from 3500 hospitals in 2011. After data
cleanup, 20,011 records from 1623 hospitals were analyzed for procedures
performed between January 1, 2011, and December 31, 2011.

Results: The average patient age was 68.9 years; 73.7% were male. The over-
all morbidity was 26.2%, with a 30-day mortality rate of 0.9%, in-hospital
mortality rate of 2.2%, and overall operative mortality rate of 2.3%. The
odds ratios for 30-day mortality were as follows: ASA (American Society
of Anesthesiologists) grade 4 or 5, 9.4; preoperative dialysis requirement,
3.9; and platelet count less than 50,000 per microliter, 3.1. The odds ratios
for operative mortality were as follows: ASA grade 4 or 5, 5.2; dissemi-
nated cancer, 3.5; and alkaline phosphatase level of more than 600 IU/L, 3.1.
The C-index of 30-day mortality and operative mortality was 0.811 (95%
confidence interval [CI], 0.744-0.879) and 0.824 (95% ClI, 0.781-0.8606),
respectively.

Conclusions: We have performed the first reported risk stratification study
for total gastrectomy, using a nationwide Internct-based database. The total
gastrectomy outcomes in the nationwide population were satisfactory. The risk
models that we have created will help improve the quality of surgical practice.

Keywords: National Clinical Database, risk factors of mortality, total gas-
trectomy, 30-day mortality, risk model

(Ann Surg 2014;260:1034-1039)

astric cancer is currently the fourth most common malignancy

worldwide' and is among the most prevalent types of cancer
in Bastern Asia, including Japan, Korea, and China.? Surgical resec-
tion is often the only curative treatment, although some early gastric
cancers limited to the mucosa may be treated endoscopically.® Total
gastrectomy is usually indicated for tumors located in the upper third
of the stomach or advanced gastric cancer extending to the cardia.
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Total gastrectomy is among the most invasive gastrointestinal
procedures and is known to carry substantial surgical risks. Patients
with gastric cancer frequently have ancmia, malnutrition, or organ
dysfunction due to tumor extension.® Major complications of to-
tal gastrectomy can be fatal; these complications include esophago-
jejunal anastomotic leakage, duodenal stump leakage, and pancre-
atic fistula related to suprapancreatic lymphadenectomy.® In addi-
tion, the proportion of patients with gastric cancer who are elderly is
increasing.® Although all of these factors may affect mortality, and
several additional factors influence the incidence of gastric cancer
itself, there are few studies that have used a large patient cohort to
describe a risk model of mortality for total gastrectomy.

The National Clinical Database (NCD), which commenced
patient registration in January 2011, is a nationwide project that
is linked to the surgical board certification system in Japan. In
this study, we focused on the NCD division of gastrointestinal
surgery that uses patient variables and definitions almost identical
to those used by the American College of Surgeons National Sur-
gical Quality Improvement Program.” Using this database, we cre-
ated a risk model of mortality for Japanese patients undergoing total
gastrectomy.

METHODS

Data Collection

In 2011, the NCD collected data on more than 1,200,000 sur-
gical cases from 3500 hospitals. In the gastroenterological surgery
section, the database registered all surgical cases that fell into this
category; in addition, it required detailed input items for the 8 pro-
cedures, including total gastrectomy, that were determined to rep-
resent the performance of surgery in each specialty. Patients who
declined to have their records entered in the NCD were excluded
from our analysis. Records with missing data on patient age, sex, or
status, 30 days after surgery were also excluded. A total of 20,011
patients who underwent total gastrectomy at 1623 institutions be-
tween January 1, 2011, and December 31, 2011, were eligible for
analysis.

The NCD constructed software for an Internet-based data col-
lection system, and the data managers of participating hospitals were
responsible for forwarding their data to the NCD office. The NCD
ensures traceability of its data by maintaining continuity in the staff
who approve data, the staff of the departments in charge of annual
cases, and the data-entry personnel. It also validates data consis-
tency via random inspections by participating institutions. All vari-
ables, definitions, and inclusion criteria for the NCD are accessible to
participating institutions on its Web site (http://www.ncd.or.jp); the
database administrators also provide e-learning systems to teach par-
ticipants how to input consistent data. The administrators answer all
inquiries regarding data entry, answering approximately 80,000 in-
quiries in 2011, and Frequently Asked Questions are displayed on the
Web site.

Annals of Surgery ¢ Volume 260, Number 6, December 2014

Copyright © 2014 Lippincoll Willems & Willdne, Unauthorized reproduction of this article is prohibited.
— 260 —



Annals of Surgery e Volume 260, Number 6, December 2014

Risk of Mortality After Total Gastrectomy

Endpoint

The primary outcome measure of this study was 30-day mor-
tality and overall operative mortality. The calculation of operative
mortality included all patients who died during the index hospitaliza-
tion, including hospital stays up to 90 days, and any patient who died
after hospital discharge within 30 days of the operation date.

Statistical Analysis

Data were randomly assigned to 2 subsets, with 80% allocated
for model development and 20% for validation testing. The develop-
ment data set comprised 16,036 records, and the validation data set
comprised 3975 records. The 2 sets of logistic models, 30-day mor-
tality and operative mortality, were constructed for the development
data set using a stepwise selection of predictors, with the P value for
inclusion set at 0.05. A goodness-of-fit test was performed to assess
how well the model could discriminate between survivors and de-
ceased patients. Model calibration, the degree to which the observed
outcomes were similar to the predicted outcomes, was examined by
comparing the observed with the predicted average within each of
the 10 equal-sized subgroups, arranged in increasing order of patient
risk.

RESULTS

Study Population Risk Profile

The total gastrectomy patient population represented in the
NCD had an average age of 68.9 years; 73.7% of the population was
male. The mean body mass index of the study population was 22.4
kg/m?. Only 2.0% required emergency surgery. Furthermore, 4.6%
of the patients needed assistance in activities of daily life. Weight
loss of more than 10% was observed in 8.7% of patients. American
Society of Anesthesiologists (ASA) scores of grade 3 and grade 4/5
were seen in 8.9% and 0.6% of patients, respectively. Preoperative
comorbidities included diabetes mellitus in 8.9% of patients, preop-
erative respiratory distress in 2.4% of patients, disseminated cancer
in 3.7% of patients, and ascites in 2.0% of patients. An abbreviated
demographic and risk profile of the study population is shown in
Table 1.

Morbidity

The overall morbidity in the total gastrectomy NCD popu-
lation was 26.2%; grade II or higher complications, as defined by
the Clavien-Dindo Classification of Surgical Complications system,?

TABLE 1. Key Descriptive Data

Variables N = 20,011
Age, mean, yr 68.9
Males, % 73.7
Body mass index, mean, kg/m? 224
Status (emergent), % 2.0
ADL (any assistance), % 4.6
Weight loss, >10%, % 8.7
ASA score, %

Grade 3 8.9

Grade 4 or 5 0.6
Diabetes, % 15.7
Previous cardiac surgery, % 1.1
Preoperative respiratory distress, % 24
Preoperative dialysis, % 0.5
Cerebrovascular accident, % 2.2
Disseminated cancer, % 3.7
Ascites, % 2.0

ADL indicates activities of daily life.

© 2014 Lippincott Williams & Wilkins

were observed in 18.3% of patients. Surgical complications included
surgical site infection in 8.4% of patients, anastomotic leakage in
4.4% of patients, and pancreatic fistula (grades B, C) in 2.6% of
patients. Nonsurgical complications included pneumonia in 3.6% of
patients, renal failure in 1.3% of patients, central nervous system
events in 0.7% of patients, and cardiac events in 0.6% of patients.
The postoperative morbidities are presented in Table 2.

Outcomes

Total gastrectomy outcomes are presented in Table 3. The 30-
day mortality was 0.9%, the in-hospital mortality was 2.2%, and the
overall operative mortality was 2.3%.

Model Results

Risk models for 30-day mortality and operative mortality were
developed; the final logistic models with the odds ratios and 95%
confldence intervals are presented in Tables 4 and 5. The ASA score
(grade 4 or 5) was the most significant factor in both models. In
addition, there were 11 variables that appeared in both models: a pre-
operative dialysis requirement; a total bilirubin level of more than 2
mg/dL; the presence of disseminated cancer; an alkaline phosphatase
level of more than 600 TU/L; an aspartate aminotransferase level of
more than 35 TU/L; a prothrombin time—international normalized ra-
tio of more than 1.25; any assistance needed for preoperative activities
of daily living; the presence of ascites; a serum albumin level of less
than 3.5 g/dL; and the patient’s age category (see Tables 4 and 5 for
the definition of age category).

Model Performance

To assess the performance of the models, both the C-index and
the model calibration across risk groups were evaluated. The receiver
operating characteristic curves of both models are shown in Figure 1.
The C-index, a measure of model discrimination represented by the
area under the receiver operating characteristic curve, was 0.811 for
30-day mortality (95% confidence interval, 0.744-0.879) (Fig. 1A)
and 0.824 for overall operative mortality (95% confidence interval,
0.781-0.866) (Fig. 1B). Figure 2 demonstrates the calibration of the
models or how well the rates for the predicted event matched those
of observed event among patient risk subgroups. (Figure 2A, 30-day
mortality risk model; and Figure 2B, operative mortality risk model)

DISCUSSION

Although mortality due to gastric cancer has been steadily
decreasing in recent years,” the incidence of'this cancer in Japan is still
the highest of all solid tumors,’® probably due to the high incidence
of Helicobacter pylori infection in the Japanese population.!! Gastric
cancer is one of the most commonly encountered diseases in Japanese
surgical units; Japanese surgeons are therefore very familiar with
gastric cancer surgery, which explains why our study cases were
collected from such a large number of institutes.

Although numerous studies have reported the morbidity and
mortality rates for gastrectomy in general, few have described these
rates for total gastrectomy alone. Moreover, it is still unknown whether
total gastrectomy should be considered a more invasive procedure
than distal gastrectomy. A randomized controlled trial comparing
D1 subtotal gastrectomy with D3 total gastrectomy for cancers lo-
cated in the gastric antrum revealed that significantly more abdomi-
nal abscesses are observed in patients undergoing total gastrectomy;
this is attributed to the extended lymphadenectomy involved in the
latter procedure.’? In contrast, an Italian study demonstrated that
postoperative morbidity rates are comparable between subtotal gas-
trectomy and total gastrectomy,® although postoperative quality of
life is significantly better after subtotal gastrectomy.'* Both studies
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TABLE 2. Morbidities in the NCD Total Gastrectomy Population

Test Set Validation Set Overall Incidence
Complications (n = 16,036) (n = 3975) (N =20,011)
Overall complications 4216 (26.3) 1033 (26.0) 5249 (26.2)
Grade II or higher” 2965 (18.5) 708 (17.8) 3668 (18.3)
Surgical complications
Surgical site infection 1355 (8.4) 331(8.3) 1686 (8.4)
Superficial incisional 503 (3.1) 128 (3.2) 631 (3.2)
Deep incisional 244 (1.5) 66 (1.7) 310 (1.5)
Organ space 1024 (6.4) 251(6.3) 1275 (6.4)
Anastomotic leak 711 (4.4) 170 (4.3) 881 (4.4)
Pancreatic fistula (grade B, C) 419 (2.6) 110 (2.8) 529 (2.6)
Bile leak 81 (0.5) 15(0.4) 96 (0.5)
Wound dehiscence 161 (1.0) 37 (0.9) 198 (1.0)
Nonsurgical complications
Pneumonia 589 (3.7 137 3.4) 726 (3.6)
Unplanned intubation 282 (1.8) 57 (1.4) 339(1.7)
Prolonged ventilation >48 h 308 (1.9 70 (1.8) 378 (1.9)
Pulmonary embolism 25(0.2) 3(0.1) 28 (0.1)
Renal failure 213 (1.3) 46 (1.2) 259(1.3)
CNS events 121 (0.8) 28 (0.7) 149 (0.7)
Cardiac events 90 (0.6) 23 (0.6) 113 (0.6)
Sepsis 138 (0.9 24 (0.6) 162 (0.8)

The values given are number (percentage).
*Clavien-Dindo classification,
CNS indicates central nervous system,

TABLE 3. Outcome Rates in the NCD Total Gastrectomy Population

Test Set Validation Set Overall Incidence
QOutcomes (n = 16,036) (n = 3975) (N = 20,011)
30-d mortality 153 (1.0) 34 (0.9) 187 (0.9)
In-hospital mortality 358 (2.2) 892.2) 447 (2.2)
Operative mortality 367 (2.3) 90 (2.3) 457 (2.3)
Reoperation within 30 d 542 (3.4) 122 (3.1 664 (3.3)
Readmission within 30 d 311 (1.9) 86(2.2) 397 (2.0)
The values given are number (percentage).
TABLE 4. Risk Model of 30-Day Mortality
Variables Status Hazard Ratio 95% Confidence Interval
ASA score Grade 4 or 5 9.383 4.85-18.152
Preoperative dialysis Present 3.906 1.546-9.867
Platelet count <50,000/.L 3.064 1.256-7.473
Total bilirubin >2.0 mg/dL 2.919 1.189-7.17
Disseminated cancer Present 2.641 1.603-4.35
Alkaline phosphatase >600 TU/L 2.457 1.153-5.232
Previous cardiac surgery Present 2.346 0.997-5.518
Aspartate aminotransferase >35IU/L 2.340 1.549-3.537
Diabetes Insulin use 2.182 1.116-4.266
PT-INR >1.25 2.182 1.318-3.613
Preoperative ADL Any assistance 2.086 1.329-3.272
Ascites Present 2.018 1.11-3.669
Preoperative transfusion Present 1.936 1.208-3.102
Blood urea nitrogen >25 mg/dL 1.886 1.201-2.961
Albumin <3.5 g/dL 1.714 1.167-2.517
Alkaline phosphatase >3490 1.682 1.032-2.739
Hemoglobin Male, <13.5 g/dL; 1.659 1.03-2.675
female, <12.5 g/dL.
Age category 1.194 1.067-1.337

Age category is defined as follows: category 1, <60 vears; category 2, <60 to <65 years; category 3, <65 to <70 years; category 4, <70 to <75 years; category 5, <75
years.
ADL indicates activities of daily living; PT-INR, prothrombin time—international normalized ratio.
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