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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.

Methods: 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 S, 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 TU/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% CI, 0.781-0.866),
respectively.

Conclusions: We have performed the first reported risk stratification study
for total gastrectomy, using a nationwide Internet-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

(dAnn 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 Eastern 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 anemia, 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.5 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.
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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

Grade4 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%
confidence 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 IU/L; an aspartate aminotransferase level of
more than 35 [U/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 24, 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 1I 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
Outcomes (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) 89(2.2) 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 Grade4or 5 9.383 4.85-18.152
Preoperative dialysis Present 3.906 1.546-9.867
Platelet count <50,000/uLL 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 IU/L 2.457 1.153-5.232
Previous cardiac surgery Present 2.346 0.997-5.518
Aspartate aminotransferase >35 TU/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 >340 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 years; 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.

1036 | www.annalsofsurgery.com

© 2014 Lippincott Williams & Wilkins

Copyright © 2014 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



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

Risk of Mortality After Total Gastrectomy

TABLE 5. Risk Model of Operative Mortality

Variables Status Hazard Ratio 95% Confidence Interval
ASA score Grade4 or 5 5.248 2.735-10.07
Disseminated cancer Present 3.458 2.514-4.757
Alkaline phosphatase >600 TU/L 3.116 1.812-5.356
Total bilirubin >2.0 mg/dL 2.751 1.355-5.587
Preoperative dialysis Present 2.583 1.146-5.819
Pancreaticosplenectomy Present 2.219 1.1774.185
‘White blood cell count >11,000/uL 2.037 1.368-3.033
Preoperative ADL Any assistance 2015 1.469-2.764
PT-INR >1.25 1.880 1.292-2.737
Cerebrovascular accident Present 1.858 1.136-3.037
ASA score Grade 3 1.819 1.37-2.417
Ascites Present 1.752 1.133-2.71
Respiratory distress Present 1.719 1.139-2.594
Aspartate aminotransferase >35TU/L 1.685 1.252-2.266
Status Emergent 1.656 1.031-2.662
White blood cell count <3500/uL 1.629 1.172-2.265
Weight loss >10% 1.584 1.185-2.119
Sodium <138 mEg/L. 1.429 1.104-1:85
Albumin <3.5 g/dL. 1411 1.045-1.905
Albumin <3.0 g/dL 1.353 0.974-1.88
Hematocrit <30% 1.339 1.025-1.75
Age category 1.294 1.199-1.396

Age category is defined as follows: category 1, <60 years; 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.

FIGURE 1. Receiver operating characteristic curves of each
model. The C-index, a measure of model discrimination rep-
resented by the area under the receiver operating charac-
teristic curve, was (A) 0.811 for 30-day mortality (95% Cl,
0.744-0.879) and (B) 0.824 for overall operative mortality
(95% Cl, 0.781-0.866). Cl indicates confidence interval.
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FIGURE 2. The calibration of (A) 30-day mortality o
model, and (B) operative mortality model.

report that mortality is similar between subtotal gastrectomy and total
gastrectomy.'>''> These results suggest that morbidity experienced af-
ter gastrectomy may depend on the extent of lymphadenectomy rather
than the extent of gastrectomy. Several randomized controlled trials
performed in Western countries have demonstrated that morbidity is

© 2014 Lippincott Williams & Wilkins
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significantly higher after D2 or greater lymphadenectomy than after
D1 dissection. 7

Although the operative outcomes for gastrectomy have been re-
ported from several high-volume centers,'® the nationwide outcomes
in Japan remain unknown. The advent of the NCD enables the analysis

www.annalsofsurgery.com | 1037

Copyright © 2014 Lippincott Williams & Wilkins. Unauthorized raproduction of this articie is prohibited.



Watanabe et al

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

of these nationwide outcomes for several operative procedures, in-
cluding total gastrectomy. In addition, the database allows researchers
to determine interinstitutional differences in the outcomes and fac-
tors affecting these differences. Most importantly, development of a
risk model using this database is expected to contribute to improved
quality control for several procedures.

In this study, we observed an overall morbidity of 26.2% in
NCD patients undergoing total gastrectomy. Morbidity in the afore-
mentioned randomized trials ranged from 16.8% to 28% in the D1
groups and 33% to 46% in the D2 or greater groups.!>'7 The 30-day
mortality and overall postoperative mortality rates in the NCD total
gastrectomy population were 0.9% and 2.3%, respectively. Mortality
rates in the other trials ranged from 1.8% to 6.5% in the D1 groups
and 3.7% to 13% in the D2 or greater groups. According to a recent
report conducted by the Japanese Gastric Cancer Association using a
nationwide registry, D2 lymph node dissection is performed in 49.2%
of patients and extended D1 dissection is performed in 20.9% of pa-
tients whereas DO or D1 lymphadenectomy is performed in 27.2% of
patients.'® When we consider the fact that such a high percentage of
patients undergo D2 lymph node dissection at many institutions, the
morbidity and mortality rates for total gastrectomy are satisfactorily
low in Japan.

According to our risk models, the most important variable af-
fecting both 30-day and overall operative mortality rates is the ASA
score. The ASA classification is among the most commonly used
scoring systems, although it is subjective and prone to interobserver
variability.! The ASA grade has the advantages of simplicity and of
universal use®® and is known to be an effective risk indicator when
used either alone?' or in combination with other parameters.”>?
Other factors affecting mortality can be divided into 2 groups, with
the first group including factors related to patients’ general condi-
tion such as the need for preoperative dialysis and laboratory test
abnormalities and the second group including variables. related to
tumor extension such as the presence of disseminated cancer and
ascites. It is reasonable to presume that a poor preoperative general
condition correlates with postoperative mortality. As an example of
the impact of the second group of variables, peritoneal dissemina-
tion is a progression pattern distinctive for gastric cancer; curative
resection is usually impossible in this situation, and palliative re-
section is often performed for symptom relief. High morbidity and
mortality rates have been reported for noncurative gastric cancer
surgery.*

In our risk model, body mass index was not a significant factor
affecting the mortality. Overweight is a well-known risk of postoper-
ative complications after gastrectomy. Tsujinaka et al?® investigated
influence of overweight on surgical complications after gastrectomy
using data from Japan Clinical Oncology Group study 9501, which
explored survival benefit of para-aortic D3 dissection over standard
D2 dissection. They revealed that being overweight increased the risk
for surgical complications in patients who underwent D2 dissection.?
Kulig et al?® conducted a multicenter study to evaluate the effects of
overweight on surgical outcomes in a Western patient population and
demonstrated that higher body mass index was associated with a
higher rate of cardiopulmonary complications and intra-abdominal
abscess. Despite the increase in postoperative complications in over-
weight patients, obesity did not affect the mortality in both studies,
as observed in this study.

Preoperative treatment may also affect the occurrence of mor-
tality after total gastrectomy. In the European countries, perioper-
ative chemotherapy is the standard treatment approach for patients
with resectable gastroesophagel cancer.?’ In contrast, postoperative
chemotherapy using S-1 is the standard therapy for patients with stage
II/TIT gastric cancer in Japan.”® Only 4.3% and 0.1% of the NCD to-
tal gastrectomy population underwent neoadjuvant chemotherapy and
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radiotherapy, respectively, and therefore neoadjuvant therapy was not
a significant factor affecting the mortality.

The C-indices of the models for 30-day mortality and operative
mortality indicate that our models are reliable. Although the useful-
ness of several scoring systems, such as the Physiological and Oper-
ative Severity Score for the enUmeration of Mortality and morbidity
(POSSUM)? and the Estimation of Physiologic Ability and Surgical
Stress (E-PASS),3%3! in predicting the risks associated with gastrec-
tomy has been reported, these systems are not specific to Japanese
patients undergoing total gastrectomy. Using our risk model results,
we may be able to create a novel scoring system suitable for total
gastrectomy in Japanese patients.

It is unclear whether all total gastrectomy cases all over Japan
are really enrolled in the NCD. Basically, the data manager in each
participating hospital is responsible for the data enrollment. However,
as the NCD is linked to the surgical board certification system, we
assume that almost all cases are enrolled in this system. Indeed, the
number of cases in this study is almost 5 times higher than that
of the nationwide registry maintained by the Japan Gastric Cancer
Association.'s

CONCLUSIONS

‘We have reported the first risk stratification study on total gas-
trectomy in Japan by using a nationwide Internet-based database. The
nationwide mortality rates after total gastrectomy are quite satisfac-
tory. We have developed risk models for total gastrectomy that will
contribute to improving the quality of this procedure.
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